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TRANSLATOR'S  PRSFACS. 

Dr.  Wagner  gives  much  information  in  reference  to  the  prodnction  of  Fbtt 
from  Sugar  residues.  The  use  of  Baryta  Salts  is  also  fully  described,  as  well  as  t 
Preparation  of  Sugar  from  Beet-roots.  Tanning,  the  Preservation  of  Meat,  lH 
Ac.,  the  Preparation  of  Phosphorus  and  Animal  Charcoal,  are  considered 
belonging  to  the  Technology  of  Animal  Products.  The  Preparation  of  the  Materi 
for  Dyeing  has  necessarily  required  much  space ;  while  the  final  sections  of  i 
book  have  been  devoted  to  the  Technology  of  Heating  and  Illumination. 

We  cannot  let  this  work  pass  out  of  our  hands  without  expressing  the  ho 
that,  at  no  distant  date.  Chairs  of  Technology  will  be  founded  in  all  our  Univ* 
sities,  and  that  the  subject  will  be  included  in  Uie  curriculum  of  every  large  achoo 
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AUTHOR'S    PREFACE    TO    THE    EIGHTH    EDITION. 


Tax  Eighth  Edition  of  mj  **  Chemischen  Technologie"  having  followed  the  Seventh 
within  two  years,  bat  few  words  of  introduction  are  necessary. 

The  arrangement  of  the  sabject-matter  in  former  Editions  has  essentially  been 
left  unaltered,  with  the  exceptions  tliat  I  have  brought  the  consideration  of  the 
materials  and  products  of  Chemical  Industry,  and  tlie  Technology  o^  Glass  and  of 
Stoneware,  in  former  Editions  arranged  as  one  section,  under  distinct  headings 
The  various  processes  of  Chemical  Manufacture  have  had  much  detail  added.  The 
descriptions  of  the  Technological  Preparation  of  Alkali  and  Ammouiacal  Salts, 
as  well  as  of  tlie  Tar-colours,  have  in  consequence  of  the  extended  application 
of  these  products,  been  much  enlarged.  The  Chemical  formulae  are  molecular, 
throughout. 

Of  the  present  Edition  translations  will  be  made  into  English  by  Mr.  William 
Crookes,  of  London,  and  into  French  by  Professor  L.  Gautier,  of  Melle,  Deux- 
S^vres.  A  translation  into  Dutch  of  part  of  the  Seventh  Edition  that  has  recently 
appeared  has  been  made  without  my  permission  or  that  of  my  publishers. 

The  First  Edition  of  this  work,  written  whilst  I  held  the  position  of  Private  Tutor 
in  Chemistry  to  the  Philosophical  Faculty  to  the  High- School  of  Lcipsic,  appeared 
in  September,  1850.  The  Second  in  May,  1853,  and  the  Tliird  Edition  in  July, 
1S56,  were  presented  to  the  public  during  my  Professorship  of  Teclmological 
Chemistry  in  tlie  Imperial  Industrial  Schools  of  Nuremburg.     The  later  Editions 

appeared— 

The  Fourth  in  May,  1859, 

„     Fifth  in  May,  1862, 
„     Sixth  in  October,  1865, 
„     Seventh  in  March,  1868, 

during  intervals  in  my  oflficial  duties  in  Wurtzburg ;  and  in  these  I  have  been  much 
assisted  by  the  contributions  and  suggestions  of  many  friends,  to  whom  I  now  tender 
xnj  sincere  thanks. 

Dr.  RUDOLF  WAGNER. 

XJsrVERRlTT  OF  WxTBTZBXTBG, 

December  10th,  1870. 
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1^  the  Aid  of  Collateral  Air  Currents,  745.    Gall's  Fireplace,  745.    Resumi 


INTRODUCTION. 


Man's  labonr,  considered  from  an  economical  point  of  view,  is  of  a  tlueefold  kind, 
being  either  productiTe,  improving,  or  converting.  We  distinguish  likewise  between 
the  prodactions  obtained  from  the  soil  taken  in  its  widest  sense,  and  between  com- 
merce and  manufacturing  industry. 

The  department  of  labour,  the  object  of  which  is  to  prepare  and  render  fit  for  use 
the  raw  materials  yielded  by  nature,  is  that  which,  in  a  more  restricted  sense,  is 
called  manufacturing  industry,  and  the  description  and  elucidation  of  the  methods 
by  which  this  object  is  attained  is  called  technology,  from  r€x«^  and  \6yos.  Taken 
in  a  general  sense,  this  word  would  apply  to  all  trades,  arts,  and  manufactures, 
whatsoever;  exclusive,  however,  of  actual  artist's  work — notwithstanding  the 
latter  exceeds  the  industries  in  respect  of  the  money-value  of  its  productions — and 
excluave,  also,  of  such  trades  as  tailoring,  dress-  and  shoe-making,  in  which  only 
certain  commodities  from  mat<'rials  that  have  been  produced  by  manufacturing 
industry  are  worked  up. 

Mining  and  quarrying  operations,  as  well  as  commerce,  do  not  belong  to  tech- 
nology, because  the  former  deal  with  the  getting  to  hand  of  naturally  existing 
materials,  and  the  object  of  the  latttT  is  either  the  carrying  and  distributing  of  the 
pwducts  from  various  parts  of  the  world  to  the  wholesale  consumers,  or  the  pro- 
ducts of  different  kinds  of  one  and  the  same  country  to  the  population  thereof.  The 
position  of  some  industries  is  somewhat  difficult  to  define  in  this  sense,  for  while 
metallurgy  and  the  knowledge  of  tools  and  machinery  are  undoubtedly  an  integral 
portion  of  technology,  taken  in  its  widest  sense,  the  constniction  of  railways,  roads, 
and  bridges,  as  well  as  shipbuilding,  architecture,  artillerj'  science,  &c.,  do  not  come 
^thin  the  province  of  technology,  but  belong  either  to  engineering  science  or  are 
^ialities  to  be  separately  taught  and  described. 

Technology  is  not  a  self-  contained  stiience  which  possesses  its  own  peculiar  doctrine 
^I'd  foundation ;  it  simply  borrows  the  principles  and  experience  obtained  by 
niechanical  and  natural  sciences,  always  taking  into  consideration  the  best  mode  of 
Wying  these  principles  to  the  preparation  of  raw  materials  to  become  objects  suit- 
able for  use.  Technology  is  accordingly  practical  natural  science,  having  for  its 
J^bject  the  reduction  of  manufacturing  industry  to  the  natural  principles  upon  which 
^^18  based,  and  teaching  the  most  advantageous  methods  and  processes  by  which  the 
'^v  materials  are  prepared  for  use.  Eaw  products,  which  are  either  in  the  con- 
dition nature  yields  them,  or  which  have  already  been  in  the  hands  of  the  manu- 


t  CHEMICAL    TECHNOLOGY. 

facturer,  are  changed  by  the  labour  of  men,  either  in  their  out^  ard  form  only,  or  in 
their  inner  composition,  and  upon  this  distinction  is  based  the  division  of  technology 
into  mechanical  and  chemical ;  the  former  division  embraces  such  industries  as  have 
only  for  their  object  the  changing,  altering,  and  modifying  the  form  and  shape  of  the 
raw  material,  its  inner  comjMJsition  remaining  unaltered ;  as  instances  we  quote  the 
joiner  and  carpenter  working  in  wood,  the  making  of  iron  rails,  sheath  metal,  and 
wire,  the  casting  of  iron,  zinc,  and  alloys  of  copper  into  various  objects,  the  spinning 
and  weaving  of  various  fibres,  flax,  cotton,  jute,  to  become  materials  of  greater 
value  ;  also  the  manufacturing  of  paper  from  rags,  of  honi  into  combs,  and  bristles- 
into  brushes,  belong  to  this  section. 

Chemical  technology,  however,  deals  with  the  operations  by  which  a  raw  material 

is  not  only  changed  in  its  form,  but  especuilly  as  regards  its  nature :  such,  for  instance,, 
is  the  case  with  the  extraction  of  metals  from  their  ores  ;  the  conversion  of  lead  into^^ 
white-lead  and  sugar  of  lead  (acetate  of  lead);  the  conversion  of  sulphate  of  barjtfi^^ 

into  chloride  of  barium  and  bar5''ta  white  (permanent  or  Chinese  white) ;  the  conver 

sion  of  crj'olito  into  sulphate  of  alumina,  alum,  and  soda ;  the  conversion  of  rock  sal^^fc 
into  sulphate  and  carbonate  of  soda ;  the  conversion  of  carnallite  and  kainite  intcz:^ 
chloride  and  bromide  of  potassium,  sulphate  and  carbonate  of  potassa  ;  the  conver  — 
sion  of  copper  into  verdigris  and  sulphate  of  copper ;  the  manufacture  of  paraffin  aixS 
paraffin  or  crystal  oils  from  peat.  Boghead  coal,  and  lignite  ;  the  preparation  of  kel;^? 
and  iodine  from  seaweeds ;  the  manufacture  of  stearine  candles  (stearic  acid  properly^ 
and  soap  from  oils  and  fats;  the  preparation  of  sugar  and  alcohol  from  starch  ;  tlxe 
conversion  of  alcohol  into  vinegar ;    the  brewing  of  beer  from  barley  and  hops ;  ttkO 
manufacture  of  pig-iron  into  malleable  iron  (puddling  process),  and  the  c^m version  of 
malleable  iron  into  steel ;  the  production  of  gas,  coke,  and  tar  from  coals ;  the  extrac- 
tion from  the  tar  of  such  substances  as  benzol,  carbolic  acid,  aniline,  anthracon» 
asphalte,  nai)hthalinc  ;  the  preparation  of  tar  colours,  as  rosaniline,  aniline  blue, 
Manchester  yellow,  Magdala  red,  alizarine,  iodine  green,  picric  acid,  &c.     In  very 
many  cases,  however,  the  preparation  which  the  raw  materials  have  to  undei*go 
before  fit  for  use  is  simultaneously,   or  at  least  consecutively,   a   mechanieal 
as  well  as  a  chemical  process ;  for  instance,  in  the  manufacture  of  glass,  san^^ 
potash,  Glauber  salt  (sulphate  of  soda),  carbonate  of  soda,  and  limestone,  are  fii**** 
fused  together  to  form  glass  (a  true  salt,  a  silicate),  and  the  soft  mass  is  next  wroug^* 
in  various  ways  to  form  window-glass,  tumblers,  bottles,  &c.  Another  ir  stance  is  tb« 
manufacture  of  beet-root  sugar,  in  the  extraction  of  which  the  sugar  itself  is,  i*  ^ 
true,  not  altered  or  changed  in  any  way  (this  being  as  much  as  possible  avoided),  l*^* 
the  process  of  extrnction  is  a  combination  of  mechanical  and  chemical  operations,  "^^® 
latter  bearing  chiefly  upon  the  purification  of  the  sugar,  so  as  to  free  it  from  adhe^^^^ 
foreign  substances.     The  same  observation  applies  to  the  manufacture  of  starcti.*  "^ 
tanning  operations,  also  to  the  various  processes  of  dyeing  and  calico  printing. 

The  ceramic  arts  (that  is  to  say,  the  manufacture  of  earthenware,  pottery,  chix*^*" 
&c.),  are  generally  included  in  chemical  technolog5%  although,  in  the  productioci  ^^ 
the  objects  alluded  to,  the  mechanical  operations  and  fine  art  processes  predoXJ!*-*  " 
nate.  Pyi*otcchny  (that  is  to  say,  the  consideration  of  fuel  and  of  its  most  use/t^ 
and  advantageous  application  to  the  pfoduction  of  heat,  and  the  best  mode  CP^ 
constructing  furnaces,  ovens,  chimneys,  &c.),  is  one  of  the  most  important  part^ 
of  chemicjil  technology. 

From  the  foregoing  the  reader  will  readily  perceive  that  it  is  scarcely  possible 
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to  draw  a  sharp  line  of  demarcation  between  the  two  divisions  of  technology 
(mechanical  and  chemical)  alluded  to.  We  therefore  define  chemical  technology 
best  by  designating  it  as  that  branch  of  industrial  science  which  treats  of  the  pro- 
cesses and  methods  by  which  the  nature  of  raw  materials  is  usually  altered. 

In  mechanical  technology,  machinery  of  various  description,  acting  as  the  motive 

0^ent  or  for  the  exertion  of  great  power,  for  the  transference  of  movement  or  for  the 

^Tegulation  thereof,  and,  lastly,  as  an  actual  implement,  always  plays  a  voiy  prominent 

j^ait,  whilst  in  chemical  technology  its  position  is  altogether  subordinate  ;  the  great 

^XOi  of  improvement  being  chiefly  directed  towards : — i.  Economisation  of  raw 

xx:utenal,  and,  if  by  any  possible  means,  its  regeneration.     2.  Economy  of  fuel. 

3«,  Economy  of  time  by  improved  and  shortened  methods  of  the  various  operations. 

The  ideal  of  a  chemical  manufactory  is  that  there  should  be  no  real  waste  products 

At  ftU,  but  only  chief  or  main,  and  by-products.     The  bettor,  therefore,  the  waste 

products  are  applied  to  good  and  advantageous  use,  the  more  nearly  the  manu- 

fiactory  will  approach  the  ideal,  and  the  larger  will  be  the  profit. 


DIVISION  I 

OmaaGAL  XEZAlLXTBaT,  ALLOYS,  AND  PBKPATtATIONS  ICADE  AND  OBTAINED  FBOX  XETAU 


General  Observations. 

''**MeuSaigy.**™  Metallurgy,  in  a  more  restricted  sense,  embraces  the  doctrine 
the  various  processes  and  operations,  some  of  which  are  purely  mechanical,  oth< 
again  purely  chemical,  by  means  of  which  metals  and  some  preparations  thereof  f 
obtained  on  a  large  scale.  We  treat  in  the  following  pages  almost  exclusively 
the  chemical  operations  and  processes  by  the  aid  of  which  ores  are  converted  ii 
metal  or  into  some  other  product,  and  we  shall  therefore  investigate  the  chan§ 
which  the  ore  undergoes  when  submitted  to  different  processes  and  operations  i 
suiting  in  the  extraction  of  the  metal.  The  number  of  the  metals  which  belong 
this  category  is  not  very  large ;  the  chief  are  iron,  cobalt,  nickel,  copper,  lei 
chromium,  tin,  bismuth,  zinc,  antimony,  arsenic,  mercurj%  platinum,  silver,  go 
Excepting  chromium  and  cobalt,*  other  metals  are  brought  into  the  metallic  state 
means  of  smelting  furnaces ;  but  preparations  of  nickel,  antimony,  and  arsenic  s 
also  obtained  metallurgically.  Magnesium  and  aluminium  are  as  yet  only  prepai 
in  chemical  manufactories.  Metallurgy,  as  a  part  of  technology,  treats  chiefly 
the  physical  and  chemical  principles  upon  which  the  extraction  of  metals  from  th( 
ores  is  based;  and  includes,  therefore,  the  description  of  the  operations  as  based upt 
these  principles.  Only  verj'  few  metals  are  found  in  the  native,  that  is,  metal 
state  :  most  of  them  occur  as  chemical  compounds  in  the  mineral  kingdom,  and  th€ 
oiefc  are  termed  ores ;  they  are  partly  chemical  combinations  of  the  metal  wi 
metalloids,  and  partly  consist  of  rock  or  gangue.  Moreover,  the  term  ore  appH 
only  in  an  industrial  sense  to  those  minerals  which  are  worth  the  miner's  workio 
Metals  are  found  chiefly  in  combination  with  oxygen  and  sulphur.  Metals  occur 
tlu'  ores  in  the  following  conditions  : — i.  In  the  native  state,  embedded  in  quart 
granite,  gneiss,  and  other  minerals, — gold,  silver,  platinum,  mercury,  copper,  a 
bismuth.  2.  Combined  with  sulphur,  as,  for  instance^  antimony,  arsenic,  and  lea 
these  combinations  being — (a)  single  ores,  as,  for  instance,  cinnabar  (sulphuret 
mercury),  HgS;  galena  (sulphuret  of  lead),  PbS;  speisscobalt  (a  compound  of  cob 
metal  and  arsenic),  Co  As ;  (6)  double  ores,  as,  for  ingtance,  sulphuret  of  iron  a 
copper  (peacock  ore),  FeaS3,3Cu2S  ;  iron  and  copper  pyrites,  FeaS3,0uaS ;  red  sib 

*  Since  1862  M.  Fleitmann  has  prepared  chromium  and  cobalt  on  the  large  scale  b 
metallurgical  process. 
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ore,  81x283,3 AgS.  3.  Combined  with  oxygen,  ores  occur  as — (a)  basic  oxides,  as,  for 
i  i8t ance,  hematite  iron  ore,  FoaOs ;  tinstone,  SnOa ;  red  copper  ore,  CujO  ;  (2>)  as 
iydrated  oxides,  as,  for  instance,  bog  iron  ore,  Fe203,3lla0 ;  (c)  as  oxysalts,  as  for 
instance,  malachite,  CuCOg+CuII^O.  4.  Combined  with  sulphur  and  oxygen, 
as  for  instance,  red  antimony  ore,  aSbaSj+SbaOj.  5.  Combined  with  haloids,  aS  for 
instance,  the  so-called  horn  silver  ore,  AgCl.  6.  In  combination  with  haloids  and 
oxygen,  ns,   or  instance,  horn  lead  ore,  PbC034-FbCl3. 

x>rrHjsng  of     gjnce  the  ores  are  not  found  in  a  state  anything  approaching  to  purity, 
but  are  mixed  in  the  first  place  with  what  is  technically  termed  gangue — rock,  stone, 
or  earth  of  any  kind ;   and  moreover,  since  very  frequently  the  ores  of  different 
metals  occur  mixed  together,  they  require,  on  being  brought  out  of  the  mine,  to  be 
broken  up  and  to  be  separated  by  mechanical  means  from  the  gangue  and  from 
other  impurities.     These  operations  as  a  rule  are  carried  out  on,  or  near,  the  spot 
¥here  the  ores  are  raised,  and  are  designated  by  the  name  of  dressing;    the 
mechanical  preparation  of  the  ore  is  partly  executed  by  hand,  women  and  children 
being  frequently  engaged  in  picking  out  worthless  stuff  from  among  the  minerals 
brought  to  bank;  this  sorting,  accompanied  commonly  by  the  breaking  up  of  the 
ore  into  small  lumps,  an  operation  executed  by  men  with  suitable  hammers,  is 
usually  so  carried  on  as  to  separato  ^he  ore  into  three  kinds.    The  ore  thus  selected 
is  placed  in  separate  heaps,  which  may  be  classed  as  follows : — a  heap  containing 
rich  ore  of  sufficiently  good  quaUty  to  be  fit  to  be  directly  smelted  ;  another  heap 
contains  ore  which,  previous  to  it^  being  fit  for  the  smelter,  has  to  be  further 
prepared,  that  is,  purified  from  mechanically  adhering  impurities ;  while  the  third 
heap  is  devoted  to  such  poor  ore  as  would  not  pay  the  expense  of  the  extraction  of 
the  comparatively  small  quantity  of  metal  it  contains.    The  mechanical  operations 
alluded  to  are  frequently  effected  by  the  aid  of  machinery,  stamp  and  dressing  mills, 
while  very  often  water  is  used  in  completing  the  operations,  its  use  being  chiefly 
to  remove  the  clay  and  earthy  matter,  sand,  and  pulverised  rock  from  the  specifi- 
'"'JS?"  ^    cally  heavier  mineral.    The  dressing  of  the  ores  having  been  finished, 
they  are  fit  for  the  smelting  operations,  but  in  many  instances  these  cannot  be  pro- 
ceeded with  until  the  ores  have  undergone  a  preparation,  consisting  in  some  cases 
of  an  exposure  to  air — weathering ;  in  others,  again,  in  a  heating  of  the  ores,  without 
access  of  air,  designated  calcination,  or  a  heating  with  access  of  air,  termed  roasting. 
The  object  of  the  exposure  to  air  is  in  some  instances  to  effect  the  weathering  and 
subeequent  loosening  and  separation  (mechanically)  of  such  minerals  as  slate,  clay, 
and  marly  materials,  which  fre<iuently  adhere  to  certain  kinds  of  iron  and  zinc  ores ; 
in  other  instances,  again,  the  object  of  the  exposure  of  metallic  ores  to  air  is  the 
oxidation  of  iron  pyrites,  which  is  washed  out  by  rain  as  sulphatcj  of  protoxide  of 
iron.    The  object  of  the  calcination  of  ores  is  partly  to  drive  off  water,  carbonic 
acid,  and  bituminous  materials  ;  partly,  also,  to  render  the  ores  softer,  and  thus 
better  fitted  for  the  metallurgical  processes  by  which  the  reduction  to  the  metallic 
rtate  is  effected.     The  roasting  of  oi-es  is  carried  on  with  the  same  object,  but  since 
the  temperature  is  far  higher,  although  not  carried  to  the  fusion  of  the  ores,  a  more 
energetic  chemical  action  takes  place,  and  is  in  some  cases  promoted  by  the  addition 
of  common  salt ;  moreover,  the  great  object  of  the  roasting  of  ores  is  to  effect  an 
oxidation  of  the  same,  accompanied  in  some,  if  not  in  all,  cases  by  the  volatilisa- 
tion of  various  substances.     As  instances  of  the  action  of  this  process,  we  quote 
what  occurs  when  magnetic  iron  ore,  (Fea03,FeO),  is  roasted ;  the  protoxide  in  this 
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case  is  gradually  converted  into  peroxide.     When  oxidation  is  accompanied  l 
volatilisation  three  different  things  may  happen. 

1.  A  volatilisation  of  certain  substances  attended  by  oxidation.  The  ores  which  ai 
chiefly  submitted  to  this  process  are  such  as  are  combinations  of  sulphur,  arsenic,  as 
antimony,  either  jointly  or  singly,  in  which  cases  sulphurous  and  arsenious  acids  and  oxic 
of  antimony  are  volatilised,  with  the  result  that  cither  pure  metal  is  obtained,  as  is  tl 
case  with  cinnabar,  whichpyields  mercury,  or  the  formation  of  metallic  oxides  and  sulphate 
Tlie  volatilised  substances  may  be  collected  and  utilised,  as,  for  instance,  the  arsenioi 
acid,  and  the  sulphurous  acid  for  the  production  of  sulphuric  acid,  &c. 

2.  Volatilisation  of  certain  substances  by  reduction  is  a  less  frequently  occurring  open 
tion,  chiefly  carried  on  with  some  sulphates  and  arscniates  of  metallic  oxides  by  heatio 
the  same  with  coal  or  charcoal,  the  result  being  the  volatilisation  of  sulphur  in  the  form  ( 
sulphurous  acid  and  of  arsenic  per  *e. 

3.  Volatilisation  by  conversion  into  chlorides  of  metal.  When  an  ore  is  roasted  with  tl 
addition  of  common  salt  and  free  access  of  air,  some  partly  volatUe  chlorides  may  Id 
formed,  as,  for  instance,  in  the  extraction  of  silver  from  its  ores  by  the  European  amalgi 
mation  process  and  M.  Augustin's  method. 

smeiumt  of  theorem    As  soon  as  the  ores  are  sufficiently  prepared  by  the  methods  jui 

described,  thoy  are  submitted  to  an  operation  having  for  its  object  the  conversion! 

the  ore  into  metal,  or  into  some  other  combination  thereof ;  the  process,  which  is 

true  chemical  operation,  is  called  the  smelting  process.     It  rarely  happens  that  onl 

one  kind  of  ore  is  operated  upon ;  the  more  usual  plan  is  to  mingle  richer  and  poon 

ores  together  in  certain  quantities,  so  as  to  obtain  a  suitable  mixture,  attention  als 

being  paid  to  the  various  kinds  of  rock  which  accompany  the  ores,  so  as  to  obtain  I 

the  smelting  process  a  proper  slag ;  but  if ,  as  is  more  often  the  case,  this  end  canni 

bo  attained  by  the  mixing  of  ores  of  different  quality,  it  becomes  almost  alwaj 

necessary  to  add  other  materials  which  either  chiefly  or  solely  act  as  fluxes,  ar 

also  as  reducing  or  converting  agents,  by  promoting  in  various  ways,  to  be  present] 

more  fully  described,  the  separation  of  the  metals  from  their  ores.     Wo  distinguis 

accordingly  between  such  materials  as  charcoal,  coal  and  coke,  lime,  and  conmic 

salt,  which  we  term  roasting  materials  (Rostzuschlage),  and  smelting  or  fluxir 

materials,  such  as  quartz  and  various  silicates,  among  which  are  hornblende,  fel( 

spar,  augite,  greenstone,  chlorite- schist,  slag;    lime- containing  minerals,  as  lim< 

stone,  fluor-spar,  g5q)sum,  heavy-spar;  minerals  containing  alumina,  as,  for  insianc 

clay-slate  and  marl.     Saline  materials  (admixtures)  are  also  used,  as  potassa,  bora: 

Glauber  salt,  and  saltpetre ;  likewise  metallic  admixtures,  as,  for  instance,  iron  u« 

in  the  decomposition  of  cinnabar  and  sulphuret  of  load  ;  zinc,  for  the  extraction 

silver  from  lead  ;  arsenic,  in  the  preparation  of  certain  nickel  and  cobalt  ores ;  pn 

toxide  of  iron  (anvil  dross),  hematite  iron  ore,  and  manganese,  used  in  the  puddlii 

process ;  certain  saline  admixtures,  by  which  we  understand,  in  this  instance  mo 

esppcialh',  such  blast  furnace  slags  as  <;ontain  a  large  proportion  of  protoxide  of  ire 

and  are  applied  in  the  process  of  puddling  on  account  of  the  oxygen  they  contaii 

or,  on  the  other  hand,  are  used  as  so-called  precipitating  agents,  on  account  of  t 

iron  they  contain,  e.g.,  for  the  throwing  down  of  lead  from  galena.      The  su 

stances  which  act  only  as  fluxes  promote  the  separation  of  the  metal,  because  t 

ore  is  more  readily  rendered  fluid,  thereby  causing  the  particles  of  metal  to  uni 

more  easily.     According  to  their  mode  of  action,  fluxes  can  be  brought  under  thi 

heads,  viz. : — i.  Such  as  exercise  no  chemical  action,  but  are  only  substances  pi 

moting  fluidity,  as,  for  instance,  fluor-spar,  borax,  common  salt,  and  various  sla^ 

2.  Such  as  at  the  same  time  exert  a  reducing  action,  as,  for  instance,  a  mixture  of  ar| 

and  saltpetre,  so-called  black  flux  ;  3.  Such  as  act  as  absorbents,  either  of  acids  01 

bases  •  but  this  class  belongs  more  properly  to  admixtures  already  alluded  to  abo 
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Tb-  Mixim;  of  the  SBrit.    That  operation,  by  which  the  ore  and  the  materials  required  for 
th.e  smelting  process  are  intimately  mixed  together,  often  in  previously  weighed  out 
quaJitities,  is  called  the  mixing,  and  the  quantity  which  is  to  bo  used  within  a  given 
Ups©  of  time  (generally  12  or  24  hours)  is  called  the  charge. 
BmStiJjopJmton.      ^®  following  aio  the  products  which,  generally  speaking,  arc 
obtained  by  the  smelting  process : — i.  Metals — ^Educts.     The  relative  degree  of  the 
purity  of  these  substances  is  indicated  when  gold  or  silver  is  alluded  to  by  the  title 
of  their  fineness  (purity),  fine  gold  or  fine  silver  being  understood  as  the  perfectly 
pure  metal;  but  as  regaids  the  metals  not  designatctl  by  the  term  noble,  they  are 
called  raw  or  crude  metal,  while  a  higher  degree  of  purity  is  indicated  by  refined. 
2    Such  products  as  are  not  present  ready  formed  in  the  ore,  but  are  the  result  of 
peculiar  reactions  which  take  place  during  the  smelting  process  between  the  various 
ingredients  submitted  to  the  oporaxtion ;    these  materials  are,  in  most  instances, 
ready  for  the  market,  and  comprise  the  so-called  hard  lead  which  contains  antimony, 
arsenic,  and  other  impurities;    arsenical  preparations,  as,  for  instance,  arsenious 
acid,  orpiment,  realgar  ;  and  black  sulphuret  of  antimony.     3.  The  preparation  of 
educts  is  often  accompanied  by  the  formation  of  intermediate  or  by-i)roducts ;  if 
thefio  happen  still  to  cont^jin  a  sufficient  quantity  of  thn  metal  operated  upon  to 
make  it  worth  while  to  extract  it,  they  are  tormod  iutermo.lixte  products  ;    but  if 
thp  reverse  is  the  case  they  are  called — 4.  Dross.     Such  intermediato  products  are 
i^n alloys;  as,  for  instanco,  one  consisting  of  silver,  copper,  and  lead — the  so- 
called  TdUrsilher — silver  containing  lead,  consisting  chiefly  of  lead,  with  a  smaller 
or  larger  quai^tity  of  co])i)er  and  some  silver ;  so-called  black  copper,  a  mixture  of 
copper,  iron,  and  lead ;  Fulj)hurots  ;  arsenic  alloys,  so-called  Spciss,  as,  for  instance, 
the  cobalt  and  nickel  compounds  obtained  in  smalt  works,  chiefly  consisting  of 
Msenicsil  nickel ;    carburetted  metals,  as,  for  instance,  i)ig-iron  and  steel ;  oxides, 
M  for  instance,  litharge  (oxide  of  b-ad). 

s*«i  The  material  which  usually  passes  by  this  name  exhibits,  when  cold,  an 
enamol  or  «;lass-like  appearance,  and  is  generally  madtj  uj)  of  various  combinations 
of  silica  with  earths,  such  as  lime,  magnesia,  alumina,  and  metallic  oxides,  as  the 
pwtoxides  of  iron  and  manganese.  The  slags  are  foiiued  during  the  smelting  process 
Wuse  the  raw  materials,  and  the  various  substances  employed,  contain  the  elements 
for  their  formation.  The  functions  of  the  slag  during  the  smelling  j)rocess  are  rather 
important,  serving  to  protect  the  particles  of  metal,  or  of  sulphuret  of  metal,  from  the 
oxidising  action  of  the  blast,  and  promoting  the  adhesion  and  union  of  the  particles. 
Slags  are  applied  in  some  smelting  processes  as  a  flux ;  and  if  they  sliould  still  contain 
a  sufficient  quantity  of  metal,  they  are  added  to  another  batch  of  ore  to  be  operated 
^pon.  As  regards  their  composition  and  nature,  th(?y  are  classified  according  to  the 
quantity  of  silica  they  contain  as  sub-,  mono-,  bi-,  and  tri-silicates.  The  proportion 
which  the  oxygen  of  the  silica  bears  to  that  contained  in  the  bases  is  as  follows  : — 

Subsilicato         3:6 

Monosilicate ^  '-  i 

Eisilicate 6:3 

Trisilicate ..     3:1 

^ags  are  either  vitreous  or  crystalline.  It  very  frequently  happens  that  from  the 
h»tterkindi)Oi'tions  of  silicates  separate,  which,  as  regards  their  chemical  and  mineral- 
ogical  characters,  agree  with  minerals  met  with  in  nature,  sucli  as  angite,  olivine, 
WoUastonite,  mica,  idocrase,  chrysolite,  feldspar,  &c.      Generally  speaking,  the 
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mixtures  of  monosilicates  produce  slags  which  are  verj'  fluid,  and  apt  to  oonsolidatc 
rapidly  while  cooling,  while  the  mixtures  of  hi-  and  tri-silicates  produce  slags  which 
have  the  opposite  propertiea,  being  pasty  and  tough. 

The  foUowmfl^  properties  and  constitution  denote  that  the  slags  are  suited  to  the  smdting 
pnx^ss : — I.  The  specific  gravity  of  the  slag  while  molten  should  be  less  than  that  of  the 
product  (metal)  it  is  desired  to  obtain,  in  order  that  the  slag  mav  cover  the  surface  of  the 
molten  metal.  2.  The  dag  should  be  homogeneous  throughout  lie  duration  of  the  prooese 
of  smelting ;  since  the  contrary  would  denote  an  abnormal  working  of  the  operation. 
3.  The  slag  should  melt  readily,  and  thus  admit  of  the  particles  of  metal  readily  sinking 
downwards  as  a  consequence  of  their  higher  specific  gravity.  4.  The  chemical  compodtioi] 
of  the  slag  should  be  so  regulated  as  to  prevent  tnem  exerting  any  decomposing  action 
unon  the  metal. 

Iron. 

(Fe  =  56;  Sp.gr.  =  77.) 
irun :  lu  oceurreBee.  Irou  is  the  most  important  and  most  useful  of  aU  metals.  Iti 
applicaiion  is  most  intimately  connected  with  all  branches  of  industry,  and  almost  al 
the  wants  and  requirements  of  common  daily  life.  The  reason  of  this  very  extendec 
employment  of  iron  is  due,  partly  to  its  being  plentifiilly  and  even  superabundantly 
met  with  in  nature,  but  partly,  if  not  chiefly,  in  consequence  of  the  great  ease  where 
with  this  metal,  during  its  reduction  from  the  ore,  assumes  various  modifications  an< 
exhibits  different  characters,  each  possessing  some  special  feature  of  usefulnesg 
Although  the  number  of  minerals  which  contain  iron  is  very  great,  comparatively  fcT 
are  used  in  practice  for  the  extraction  of  the  metal.  Those  that  are  used  are  aj 
oxygen  compounds  of  iron,  and  chiefly  what  are  technically  known  to  ironmaster 
and  the  trade  as  honstone^. 
The  following  is  a  list  of  the  minerals  termed  *'  ironstones  "  : — 

1.  Magnetic  iron  ore,  (Fe,03,reO=Fe304),  the  richest  of  all  iron  ores  (it  contaiii 
upwards  of  72  per  cent,  of  iron),  is  prettylargely  found,  cspci^ially  in  Hiissia,  Norway,  an 
Sweden,  in  the  crystalline  Rchistoso  rocK.  The  celebrated  Dannemora  (Sweden)  iron  i 
obtained  from  this  ore.  It  not  unfrequently  liappens  tliat  this  mineral  is  more  or  lei 
mixed  with  iron  pyrites,  galena,  copper  pyrites,  apatite  (eliiefly  phosphate  of  lime),  an 
other  minerals,  which,  by  their  presence,  impair  the  good  qualities  of  the  magnetic  iron  oi 
as  a  mineral. 

2.  Haematite  iron  ore,  red  ironstone,  (Fe  O3),  contains  about  69  per  cent,  of  iron.  Thi 
minenil  occurs  in  seams  and  veins  in  the  older  geological  formations,  often  embedded  i 
gneiss  and  granite.  It  is  also  met  iiv-ith  in  the  metainorpliic  rocks,  and  is  frequently  calle 
glassy  head,  owing  to  its  external  lustre ;  also  bloodstone,  on  account  of  exhibitinc",  whe 
scratched  with  a  fie  or  a  knife,  a  deep  red-coloured  streak.  When  this  ore  is  foimd  mixe 
with  bilica,  it  is  called  siUceous  ironstone ;  when  occurring  along  and  mixed  with  alumina 
it  is  called  red  aluminous  iron  ore  ;  mixed  with  lime,  the  ore  is  knoA^-n  as  minette.  Tl 
quantity  of  iron  present  in  these  ores  varies,  of  course,  considerably.  This  ore  occu3 
in  cr}'stalline  state,  in  especiallv  large  quantities  in  the  Island  of  Elba,  and  ores  of  tl 
same  kind,  but  different  in  quiuity,  are  found  in  England  and  Ireland,  Saxony,  and  man 
parts  of  Germany.  They  are,  in  all  cases,  especially  as  regards  the  first-named  countr 
mrgely  applied,  e.g.,  Lancashire  (Ulverston  and  Barrow-in-Furness). 

3.  Spa  those  iron  ore,  (FeCOj) ,  with  48*3  per  cent,  of  iron.  This  ore,  which  occurs  in  gr« 
variety,  is,  indeed,  the  chief  iron-stone,  often  containing  carbonate  of  protoxide  of  mangane: 
in  larger  or  smaller  quantity.  This  ore  is  often  met  with  in  a  globular  or  kidney-like  shap 
and  hence  (ailed  kidney  iron ;  in  mineralogy,  spherosiderite.  The  ore  bears  a  great  man 
other  named,  derived  from  some  peculiarities  in  its  composition  :  for  instance,  it  is  kno\i 
and  very  largely  worked  in  Scotland  as  black-band,  owing  to  ita  being  mixed  with  carboi 
aceous  and  bituminous  matters,  and  alternating  with  seams  of  coal.  It  is  known,  also,  j 
clay-ironstone,  Iwing  then  mixed  with  more  or  less  argillaceous  matter,  and  occurring  ; 
enormous  quantities  in  that  condition  in  Cleveland  and  Kosedale  (Yorkshire),  in  Wale 
and  also  on  the  Continent  in  various  countries. 

4.  When  the  last-named  ore  is  acted  upon  by  air  and  water  containing  carbonic  acid, 
secondary  ore  is  formed,  known  as  brown  ironstone  (partly  Fe^Oj,!!^©,  partly  Fe,0,,3H30 
In  mineralo^  this  ore  is  named  according  to  its  varying  physical  properties,  as  follows  :- 
Lepido-crocite,  needle-iron  ore,  pyrosiderite,  and  stilpnosiderite.     As  may  be  expccte 
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this  mineral  is  often  mixed  witJi  carbonate  of  lime,  silica,  alumina ;  the  yellow  ironfltono 
beio^  a  rariety  of  the  aluminous  kind.  Bauxite  may  in  some  instances  range  along  with 
thiskind  of  ore,  when  that  substance  consists  of  an  intimate  mixture  of  alumina  and 
peroxide  of  iron.  - 

5.  Pea-iron  ore,  in  smaller  or  larger  globular-shaped  particles,  formed  of  concentric 
U]rens  containing  either  an  intimate  mixture  of  silica,  protoxide  of  iron,  and  water,  or 
brown  iron  ore  and  siliceous  clay.  Tlie  origin  and  mode  of  formation  of  this  ore  are  un- 
known.   It  occurs  in  France  and  in  the  South-Weiit  of  Germany. 

6.  Mari^h  iron  ore,  limonite,  met  with  in  parts  of  Europe,  generally  those  which  are 
odIj  little  elevated  above  the  sea  level,  and  more  osx)eciallv  in  or  near  moors  and  marshes, 
peatbogs,  &c  ;  in  some  parts  of  the  Netherlands,  Denmarx,  Sweden,  and  North  Grcrmany, 

I  and  also  in  the  United  Eongdom  to  <K>me  extent.  This  ore  owes  its  origin  to  the  action  of 
decaying  vegetable  matter  upon  water  containing  carbonate  of  protoxide  of  iron  in  solution. 
The  ore  is  met  with  in  irregularly  shaped  lumps,  as  hard  sometimes  as  pebbles,  but  also 
in  a  soft  and  spong^y  condition ;  its  colour  is  brownish,  or  black,  and  it  consista  of  prot- 
oxide of  iron,  oxide  of  manganese,  phosphoric  acid,  organic  matter,  and  sand.  According 
to  M.  Hermann,  however,  the  ore  contains  hydrated  peroxide  of  iron,  hydrated  oxide  of 
manganese,  phosphate  of  peroxide  of  iron,  tribasic  crenate  of  peroxide  of  iron.  This 
ore  in  in  some  instanccMi  largely  used  for  the  manufacture  of  cast-iron  objects  (especially 
for  domestic  and  ornamental  uses),  on  account  of  its  yielding  an  iron  of  great  fluidity, 
which  fiUs  the  moulds  very  completely,  giving  sharp-figurod  castings.  This  condition  is 
due  to  the  presence  of  the  phosphorus  in  such  iron ;  but  the  prcHonco  of  this  element  also 
can«s  the  pig-iron  made  from  this  ore,  if  puddled,  to  yield  a  wrought-iron  which  is  both 
cold-  and  red-shorts 

7.  Franklinite,  (Fe,Oj[ZnO,MnO]),  containing  45  per  cent,  of  iron,  21  per  cent,  of  zinc, 
and  9  per  cent,  of  manganese.  This  ore  occurs  in  N  ew  Jersey,  U.S.,  and  is  there  employed 
both  for  the  extraction  of  iron  and  zinc. 

Iron  is  also  obtained  from  rich  slags,  which  often  contain,  in  the  shape  of  protoxide  of 
iwn,  an  amount  varying  from  40  to  75  per  cent,  of  that  metal ;  they  are  employed  in  the 
puddlinjr  process.  The  scraps  of  iron  resulting  from  various  operations,  old  iron,  and 
waste  piwes  of  the  metal,  are  usefully  applied,  either  alone  or  with  the  ores,  to  be  re-con- 
Terted  into  metal. 

Taken  from  a  metallurgical  point  of  view,  iron  ores  are  distinguiHhod  as  reducible  easily 
or  with  difficulty  (convertible  into  metal  readily,  or  fusible  with  difliculty).  To  the  former 
cUss  hek»ng  all  those  ores  which,  while  being  submitted  to  a  prcliniinary  roaHtinjr,  become 
P"P>U!«,  and  hence  more  readily  penetrable  by  the  reducing  gases  prcscut  in  the  blast- 
rarnacc ;  and,  as  a  consequence,  more  rapidly  reduced  and  molten.  The  8patho^e  iron 
ore  and  brown  iron  ore  belong  to  this  class ;  the  former  because  on  roasting  it  loses 
carbonic  acid,  while  the  latter  loses  water.  Magnetic  iron  ore,  and  hematite  iron  ore  in  all 
its  varieties,  are  reducible  with  difficulty. 

a.  Pio  OR  Crude  Irox. 
^*S2*iu  oilT''  The  oxtraction  of  iron  from  its  ores  is  chiefly  based  upon  the  two 
following  properties  : — i.  While  purticlos  of  pure  or  nearly  pure  iron  arc  infusible 
even  by  the  heat  produced  in  the  blast  furnace,  they  are  ]>o>sessed  of  the  property 
of  agglutination  to  larger  masses  ;  in  other  words,  the  jiroporty  (poss«>s9od  by  iron 
and  only  a  few  other  metals)  of  welding  together  at  a  bright  red  heat. 

2.  Iron  is  capable  of  uniting,  while  exposed  to  a  high  temperature,  and  in  the 
presence  of  an  excess  of  carbonaceous  matter  or  gases  containing  caibon,  with 
tluit  metalloid,  foi-ming  with  it  an  easily  fusible  compound,  viz.,  a  carburet  of  iron, 
the  so-called  pig-  or  cast-iron. 

The  direct  manufacture  of  malloablo  iron  from  iron  ores  was  in  foimer  times  a 
Tery  usual  proceeding,  and  is  yet  carried  on  to  a  small  extent  in  some  parts  of 
Europe  (Styria,  Andorra,  Sardinia,  and  Sicily),  and  far  more  so  in  Ilindostan  ;  but 
this  method,  known  as  the  Catalan  process,  is  wasteful,  and  althouprh  it  yields  iron 
of  excellent  quality,  it  also  requires  ores  of  great  richness.  The  process  is  not 
suited  to  meet  the  large  demands  now  made  for  iron ;  with  these  trifling  exceptions 
all  iron  at  the  present  day  is  obtained  by  the  production  first  of  pig-iron,  which  is 
afterwards  conyerted  into  malleable  iron  by  the  puddling  process. 
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The  operations  by  which  iron  is  extracted  from  its  ores  are: — calcination  or  roast- 
ing, and  smelting.  The  object  of  the  first-named  operation  is  the  removal  from  the 
ore  of  such  substances  us  water,  carbonic  acid,  carbonaceous  matter  (as  present  in  the 
black-band  ironstone) ;  also  the  conversion  of  any  protoxide  into  peroxide,  becaiue 
the  latter  is  loss  ai)t  to  become  absorbed  by  the  slag,  and  to  promote  the  jiorosityof 
the  ore.  The  calcined  ores  are  next  broken  up  to  lumps  of  suitable  size  by  means 
either  of  atanipiu«?  mills  or  cylinders,  or  by  machinery  specially  made  for  the  purpcwe 
on  the  i)rincipl(j  of  qmirtz  and  stone  crushers  ;  after  this  has  been  done  the  oresare 
mixed,  rich  and  poor  together,  in  such  proportions  as  have  been  found  in  the  ex- 
perience of  the  workmen  to  yield  the  best  quality  and  largest  quantity  of  iron. 

Theory  of  the  iron^KK.wct.on  xhe  orcs  having  thus  been  mingled,  constitute  a  mixture  miidfc 
up  chiefly  ol'  an  oxide  of  iron  and  of  ganguo  (silica)  or  lime ;  carbonaceous  matt^T 
is  added  th(?reto,  and  the  mass  is  submitted  to  a  strong  heat,  the  i^esult  being  the 
reduction  of  the  iron  to  the  metallic  state,  according  to  the  following  equation  :— 

Fe20+33G=3CO+2Fe; 
the  action,  therefore,  of  coal  is  to  serve  as  fuel  and  at  the  same  time  as  redncing 
agent  along  with  carbonic  oxide  and  carburetted  hydrogen  ;  if,  however,  the  opeia- 
tion  wor(»  performed  by  simply  mixing  the  broken  up  ores  and  coal  or  coke,  and 
submitting  this  mixture  to  the  smelting  process,  the  iron  would  bo  obtained  in  a 
finely  divided  and  spongy  condition ;  and  in  order  to  procure  the  union  of  the  particle* 
of  metal  so  as  to  form  a  molten  mass  previous  to  the  smelting  operation  being  [pro- 
ceeded with,  certain  substances  which  have  the  property  of  forming  with  the  gangne     ] 
a  readily  fusible  glassy  mass  are  added.     The  substance  added  is  technically  known     ' 
as  slag,  and  it  serves  not  only  the  purpose  just  mentioned,  but  also  that  of  with- 
drawing and  absorbing  from  the  ore  such  materials  as  might  injure  the  quality  of 
the  iron ;  and,  lastly,  the  slag  being  by  far  specifically  lighter  than  molten  iron,  float« 
on  the  sui-face  and  j)rotocts  the  metal  from  the  oxidising  action  of  the  air  blown  into 
the  furnace.     Sla;^  is  a  mixture  of  various  silicates ;  in  some  instances  the  ore  itsetf 
contain!^,  along  with  the  oxide  of  iron,  the  constituents  necessaiy  to  form  a  goo<l 
slag,  but  in  mor?t  instances  ores  require  the  addition  of  such  materials  us  will  fornix 
with  the  constituents  (excepting  the  iron  oxides),  a  proper  slag;  thus,  fur  instance* 
if  silica  were  wanting,  ([uartz  or  sand  would  be  added  ;  and  if  bases  were  wanting* 
lime-stone  or  fluor  spar  (fluoride  of  calcium)  would  be  added.     The  slaig  shoul^^ 
become  fluid  at  or  about  the  same  temperatun.*  as  the  metal.     The  mixture  of  iron -^ 
stone  and  slag-forming  material  is  called  a  batch,  and  is  so  arranged  as  not  to  contaix^ 
above  50  per  cent,  of  iron.     When  iron  in  the  molten  condition  and  carbonaceous 
matter  (coal,  coke,  or  charcoal,  although  the  latter  is  very  rarely  used)  come  iCP- 
contact,  as  is  the  case  during  the  smelting  process  just  alluded  to,  the  moltei9- 
metal  dissolves  a  large  proportion  of  carbon  ;  but  when  the  metal  cools  a  portioned 
the  carbon  separates  in  the  ciystalline  fT)rm ;  this  is  termed  blast-furnace  graphite: 
another  portion  of  the  carbon  remains,  however,  in  chemical  combination,  and  it  is 
thei*efore  evident  tliat  the  smelting  of  iron  ores  produces  an  iron — pig  or  crude  iron 
— whicli  contains  carbon,  and  is,  therefore,  not  a  pure  metal. 

WMt-funim  f  rr.icrs,.  At  tho  j)resent  day  the  extraction  of  iron  from  itfl  ores  (smelting) 
is  chiefly  carried  on  either  in  what  are  termed  blast-furnaces  or  blojeing-fumaces. 
These  contrivances  are  not  essentially  diff'erent  from  each  other  as  regards  their 
action,  but  their  arrangement  and  construction  is  so  far  different  that  the  slag  from 
blast-iumaces,  working  as  they  do  with  what  is  termed  an  open  breast-plate,  runa 
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»\y,  while  the  t»lag  frt^m  the  hlowing-fumace  has  to  be  cleared  ft*om 
jxne  wh^n  tapping  the  motol, 

UJJ**  A  blji^t-funjai!€  ia  an  oven  showing  on  tho  extorior  a  heavily  usodo 
$.  1,  A,  tho  uriter  wall),  having  a  hoight  of  ft'om  14  to  55  motri?s ;  the  iimcr 
miulo  in  the  shape*  of  two  truncated  cones  plueed  togt^tber  at  their  bases ; 
Kwork  (lirv  bricks)  which  constitute  this  double  cone-hke  gtnictuie,  B,  is 
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by  a  casing  made  up  of  broken  scorisp  or  refntctory  sand^  which  is  en- 
r  external  coating  of  heavy  masonry  ;  the  sand  ia  a  bad  conductor  of 
iiti»  alwi  of  »pace  l>eing  allowed  for  tho  expansion  by  boat  of  tho  inU'rior 
Th*'  i>ortion  of  the  inb'rnal  cono  ox  tending  froui  u  to  c  ie  cuIIchI  tbf  shaft, 
ibcar,  wbilu  th»'  pc»rtimi  wliirh  «?xtmidi4  from  n  to  E  ia  nanifid  tbeb'itsbL***;  the 
^^^U^ore  tho  diameter  is  greatest  is  eullt^d  the  belly  or  upper  part  of  the 
■Bbow  the  boshes  at  F»  tho  space  is  gradually  made  narniwer,  and  callt?d 
)fti,  or  tunnel  hol<^^  the  lowor  part  of  which  is  intentled  for  cjollenting  the 
MM^.  wid  name<l  tho  cniciblo  or  hearth ;  thii^  portion  of  the  blast- fumaco 
^Kmportant,  l>ocause  the  smelting  process  goes  on  in  it ;  the  crucible  ia 
^Blh  two  opening  placed  opposite  to  each  other,  and  containing  conically- 
^f^  (see  Fig.  2)  called  the  tuyeres,  enditig  in  what  are  termed  the  nozzles 
\kpe»y  or  the  blast  pipes;  these  tulw^s  serve  to  convey  the  air  necessary  for 
Ad  idiowit  in  the  engravings  the  admission  of  air  to  tho  nozzles  is  i>d- 
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gulatetl  by  a  valTe.  T^ie  wpper  open  end  of  the  furnace  at  A  is  called  the  montl 
furnace  top  ;  through  this  opening:  the  l\ifil  and  mixture  of  ore  and  flux  are  put  ink 
the  ftimace,  which  is  (as  also  shown  in  Fig,  i)  situated  on  or  near  the  slope  of  a  hill, 
80  as  to  have  ready  access*  to  the  momth  by  means  of  the  bridge  for  cuureying  tlie 
materials  Ui  tho  furnace -t<  p.  The  lower  part  of  the  hearth  h  prolonged  towards  till 
front,  thus  formitij^  the  breaat-pan»  which  is  cncloeed  by  the  daui-sttine,  m;  thi^ 
atone  is  somewhat  removed  at  one  f^ide  from  tho  wall,  thureby  formings  a  »lit,  whicl: 
is  tochuieally  calked  the  tiip-hole  ;  this  ia  the  discharge  ap<.»rtuv«  ;  while  the  smoltluja 
is  going  on  thia  apm  tnre  is  closed  up  with  fire-Lday^  which  ij*  remove<l  when  it  u. 
required  to  withdraw  tho  ttlags  or  tap  tho  crucible,  that  is  to  siiy ,  discharge  the  moll 
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TOetal.     The  dam-stone  is  protected  by  an  iron  plate.     Tljree  only  of  tho  eide»"! 
hnarth  are  continucHl  to  the  stone  constituting  tho  bottom  ui  the  arrangement ;  thi 
fourth  is  merely  bi-ought  to  within  a  certain  distanc^j  of  the  base,  where  it  is  supporttt 
by  strong  girders  of  cast-iron  firaily  fixed  into  the  masoniT  "f  the  walls,  andj 
which  rests  a  heavy  block  of  sandstone  Cflllod  tho  tymp  {»4}^  Fig.   i),  wKic 
suppoi-tHl  by  a  very  heavy  and  stntit  piece  of  iron  called  the  tymp  iron, 

^^*  ?nd  iISw '*^''**  ^  onler  to  pi-ovide  the  necessary  quantity  of  air  for  the  bll 
furhdce,  a  blowing  engine  is  attached  ;  this  is  now  almost  exclut^ively  construe 
upon  what  is  t+Tnieil  the  cylinder  principle,  which  in  one  of  it^  most  convonieni 
forms  i8  delineat^-d  in  Fig.  3.  The  cast-iron  cylinder,  a,  contiuns  a  jaston,  c,  whid 
by  means  of  the  piston  rotl,  «,  passing  air-tight  through  the  stutfing  box,  c^  con 
be  mnvcd  iipwank  and  downwards ;  at  h  and  d  the  i-yliniler  is  in  comtuiinication  witl 
the  outer  air,  and  by  means  of  f  and  f/  it  communicates  with  the  chest,  ». 
openings  alludcKi  to  are  provided  with  self-acting  valves  for  regulating  the  fldwofjl 
which  is  conveyed  through  r'  into  the  pipes  communiciitingT^'ith  the  blast- furnacse, 
order  to  regulate  the  blast,  a  large  sheet-iron  vessel,  in  couxtniction  very  ftitnilar  U 
the  gas-holders  of  gas- works,  and  acting  on  the  same  princi]il(\  is  applied,  Thi 
applioation  of  hot  air  for  the  blast  is  one  of  the  most  important  imx^rovements  in  | 
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mannfoM^tuTe  of  iron,  sinoe,  in  tins  way,  a  decreased  consumption  of  fuel,  to  the 
extent  on  an  average  of  0*366  (from  \  to  f),  has  been  obtained ;  while,  moreover, 
the  absolute  gain  in  the  production  of  iron  amounts  to  about  50  x>er  cent.  It  is  also 
stated  by  many  iron-masters  that  the  furnace  is  more  readily  and  regularly  worked ; 
but  this  statement  is  discredited  by  others,  who  aver  against  the  hot  blast  that  dis- 
turbances arise  more  frequently  in  the  regular  course  of  working ;  also,  that  the  very 
high  temperature  in  the  crucible  causes  the  rapid  destruction  of  the  fire-bricks,  and 
consequently  impairs  the  time  of  what  is  technically  termed  the  campaign,  that  is  to 
say,  the  duration  of  the  fabric  of  the  blast-furnace.  The  air  intended  for  the  hot 
blast  is  heated  either  by  the  gases  given  off  by  the  blast-furnace,  or  by  means  of 
separate  fire-places  which  heat  a  pipe  apparatus,  or  lastly  by  means  of  Siemens's 
regenerativo  furnace  system.  This  system  consists  in  first  conducting  the  gases  of 
the  bkst-fumace  through  a  fire-brick  built  space  filled  with  fire-bricks  loosely 
piled  together,  which  becoming  thoroughly  red-hot  are  in  that  condition  capable  of 
heating  the  cold  air  previous  to  admitting  it,  care  being  taken  to  shut  off  the  blast- 
fornaoe  gases ;  by  this  means  the  air  can  be  heated  to  a  temperature  very  far  ex- 
ceeding that  which  is  attainable  by  passing  the  air  through  iron  tubes,  these  not 
admitting  without  sonous  injury  of  being  heated  to  so  high  a  temperature  in  con- 
tact with  air.  The  hot  blast  air  is  heated  to  from  200°  to  400°  C;  blast  furnaces  fed 
with  coke  as  fuel  require  per  mmute  of  time  from  2000  to  4000  cubic  feet  of  air. 

aJSSpnm  ^®  blast  furnace  is  worked  in  the  following  manner : — ^The  furnace 
is  first  heated  by  igniting  in  it  a  quantity  of  wood.  When  this  has  rendered  the 
oren  thoroughly  dry,  the  fuel  intended  for  use  in  the  course  of  the  continued  process 
is  put  in  (this  fuel  used  to  be  in  Germany  wood  charcoal,  but  at  the  present  time 
there,  as  in  England,  coke  is  employed,  or  sometimes  anthracite ;  common  coals  are 
nrely  used) ;  the  furnace  is  at  first  entirely  filled  with  fuel,  and  when  quite  full  the 
blast  id  turned  on  and  a  beginning  made  with  the  charging  of  the  mixture  of  ore 
and  flux,  alternating  with  fresh  fuel.  By  the  burning  of  the  fuel,  and  the  fu3ing  of 
the  ore  and  flux,  the  layers  sink  downwards,  the  silica  fuses,  forming,  while  com- 
bininj'  with  the  earths  and  some  of  the  oxides  present  in  the  ore,  a  slag  which  is 
commonly  coloured  by  the  presence  therein  of  oxide  of  iron,  while  the  iron  reduced 
to  the  metallic  state,  and  semi-fluid  at  first,  combines  with  carbon  to  form  readily 
foaiblo  pig-iron  ;  the  molten  metal  collects  in  the  hearth  or  crucible ;  the  fused  slag 
floats  on  the  top  of  the  metal,  but  is  run  off  over  the  dam-stone.  The  molten  metal  is 
tapped  off  about  twice  every  24  hours,  or  as  soon  as  it  appears  to  reach  the  height  of 
the  dam-stone.  The  aperture  here  alluded  to,  and  closed  provisionally  by  means  of 
flre-clay,  is  opened  by  the  piercing  of  the  latter,  while  the  molten  metal  is  conveyed 
through  channels  made  in  the  sand  to  the  moulds,  also  formed  in  the  same  material ; 
during  the  operation  of  tapj»ing,  the  blast  is  shut  off.  Crude  iron  cast  in  the  shape  of 
cakes  is  called  lump-iron,  and  when  run  into  bars,  pig-iron.  The  campaign,  that 
is,  the  operation  of  smelting  with  the  same  furnace,  often  lasts  many  years  ;  it  is, 
in  fact,  oontinued  until  the  oven  or  blast  furnace  becomes  worn  out. 

Oiminii  pr«>c«»  roinfr  Tho  chcmical  process  which  is  eroinff  on  in  the  interior  of 

Oiiatha  Intfriorof  the     ,,,,,«  ,  ,,        ,., 

liiart  Fornace.  tuo  olast  luruacc  whcu  at  work  (techmcally,  while  in  blast)  differs 
considerably  in  different  portions  of  the  vertical  section.  The  annexed  Figs  4  and  5 
represent  the  interior  of  a  blast  furnace  exhibited  in  perpendicular  section,  and  tilled 
with  alternate  layers  of  fuel  and  mixed  ore  and  flux,  the  latter  being  indicated  by  the 
narrower,  the  former  by  tho  wider  layers.  Counting  from  the  surface  of  the  fluid  slag, 
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ffy  up  to  the  mouth  of  tho  furnace  the  interior  may  be  diyided  into  five  zones  ov 

regioiLS,  viz. : — 

1.  The  first  heating  zone,  a  h, 

2.  The  reduction  zone,  h  c. 

3.  The  carburation  zone,  c  d, 

4.  The  melting  zone,  d  e. 

.     5.  The  combustion  zone,  c/. 
In  the  upper  part  of  the  furnace,  the  first  heating  zone,  the  materials  become 
warmed  and  are  rendered  thoroughly  dry,  but  they  hardly  become  hotter  than  a  low 
red  heat.  The  reduction  zone  is  the  largest  in  extent.    In  the  lower  part  of  the  shaft  of 
the  furnace,  and  especially  towards  the  belly,  the  oxide  of  iron  is,  by  the  action  of  the 
reducing  gases,  first  converted  into  protoxide  of  iron  and  next  into  metal.  The  reduc- 
ing agents  pi*esent  in  this  zone  are — carbonic  oxide,  carburetted  hydrogen  gas,  and 
hydrocyanic  acid  gas  (cyanide  of  hydrogen),  or  vapours  of  cyanide  of  potassium ;  at 
a  certain  part  in  this  zone  the  iron  is  present  as  malleable  iron.     Deeper  down  in  the 
furnace  the  carburation  zone  is  met  with ;  here  the  combination  between  the  iron  and 
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carbon  takes  place,  producing  a  more  or  less  steel-like  and  somewhat  caked  iron, 
which,  when  sinking,  enters  the  molting  zone  and  is  saturated  with  carbon  and  en- 
tirely brought  to  tho  state  of  pig-iron.  At  the  portion  forming  the  combustion  or  oxi- 
dation zone,  which  Ls,  as  compared  with  the  other  zones,  only  of  very  small  extent, 
the  air  fi'om  theb  jist  enters  tho  furnace  through  the  nozzles,  and  meeting  with  incan- 
descent coke  at  the  highest  possible  white  heat,  causes  the  formation  of  carbonic  acid, 
but  this  gas  in  passing  upwards  through  other  layers  of  incandescent  fiiel  becomei 
redu(!od  to  carbonic-  oxide  (COa +0=  2CO) ;  by  the  combustion  of  the  hydrogen  con- 
tained in  the  fuel,  water  is  also  formed,  which,  along  with  tho  aqueous  vapour  con« 
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tiined  in  the  air  of  the  blast  (recently  it  has  been  tried  to  eliminate  this  aqueous  vapour 
by  passing  the  air  previous  to  reaching  the  nozzles  through  concentrated  sulphuric 
add)  is  decomposed  by  the  enormous  heat  of  the  middle  portion  of  the  furnace  as  well 
as  by  the  presence  of  carbon,  forming  hydrogen  and  oxygen,  the  former  of  which 
enters  into  combination  with  the  carbon,  forming  carburetted  hydrogen,  while  the 
latter  combining  with  the  same  element  produces  carbonic  oxide.  The  nitrogen 
present  in  the  coke,  as  well  as  a  portion  of  the  nitrogen  present  in  the  air  of  the  blast, 
combines  with  the  carbon,  forming  cyanogen  (either  as  cyanide  of  some  metal  or  as 
cyanide  of  hydrogen).*  The  reducing  gase?  meeting  with  the  ores  cause  the  oxides 
prpsent  to  be  converted  into  metal,  while  the  gases  remaining  (the  blast  furnace 
gases)  escape  firom  the  mouth  of  the  furnace.  The  reduced  iron  combines,  while 
sinking  downwards,  with  carbon,  forming  the  crude  metal,  and  fuses  in  so  doing ; 
the  union  of  the  particles  being  promoted  by  the  slag.  As  soon  as  the  iron  reaches 
that  portion  of  the  furnace  where  the  heat  is  strongest,  the  carbon  contained  in  the 
metal  begins  to  exercise  its  reducing  action  upon  such  substances  as  alumina, 
lime,  silica,  &c.,  which  in  the  reduced,  or  metallic,  state  combine  with  the  iron. 

Recent  researches  have  proved  that  the  copious  production  of  hydrooyauic  acid  generated 
by  the  process  going  on  in  the  blast  furnace  greatly  and  very  e-sscntially  asMints  the  reduc- 
tion of  the  ores ;  that  compound  of  course  combines  with  the  alkalies  and  alkaline  earths 
contained  in  the  fiiel  and  other  materials.  It  has  been  Hunnised  that  the  crude  iron  is  not 
solely  a  carburet  of  that  metal,  as  might  be  produced  by  the  decomposition  of  cyanide  of 
iron,  but,  in  addition  to  a  small  quantity  of  that  body,  cont^iins  also  nitride  (a  nitrogen 
onrnpound"!  of  that  metal.  In  support  of  this  view  the  fact  is  brought  forward,  that  Dr. 
Wiihler,  oi  Grottingen,  found  many  years  ago  that  the  cubical  crystals  of  what  was  con- 
odered  to  be  metallic  titanium,  and  foimd  in  the  blast  furnace  shig,  turned  out  to  be  a 
compound  of  nitride  of  titanium  and  cyanide  of  that  metal.  In  order  to  give  some  idea 
of  the  large  quantity  of  metallic  cyanides  generated  by  the  blast  furnace  process,  we 
briefly  quote  from  the  researches  made  on  this  subject  by  Drs.  Bunsen  and  L.  Playfair, 
that  an  English  blast  furnace,  fed  with  coal  as  fuel,  produced  daUy  a  quantity  of  225 
pounds.  M.  Eck,  who  made  some  researches  on  this  subject  at  Kouigshiitte,  in  Upper 
SiJft^ia  (Prussia),  discovered  tlie  formation  of  bothc  yunide  and  sulphocyanide  of  potassium, 
and  he  foimd  by  calculating  from  the  quantity  of  p<jtaisHa  contained  in  the  ores,  flux,  and 
fuel,  a  daily  production  of  35^  pounds  of  cyanide  of  potassium.  The  reduction  of  almuina 
Mid  silica  to  alumiiuiun  and  silieium  also  takes  place  in  the  melting  zone. 

JmTtlTiflJil^i*  ffiis.  ^^ig-  5  exhibits  the  temperature  prevailing  at  tho  limits  of 
each  zone.  The  temperature  of  tho  combustion  zone  would  bo  far  higher  than 
happens  to  be  the  case  were  it  not  that,  by  the  conversion  of  carbonic  acid  into 
carbonic  oxide — that  is,  the  absorption,  or  more  correctly  vaporisation  of  carbon — 
a  considerable  lowering  of  temi)erature  (in  other  words,  absorption  of  heat  which 
Womes  latent)  is  pi*oduced.  It  should  bo  remembered  that  hero  tho  volume  of  the 
carbonic  acid  is  also  doubled,  while  this  reaction  is  taking  place,  and  that  process 
of  cx)urs4?  also  absorbs  heat. 

Taking  into  due  consideration  the  fact  that,  under  tho  most  favourable  conditions, 
only  i6*55  P®'"  ceJ^t*  o^  ^^^  ^ol  supplied  to  a  blast  furnace  is  usefully  consumed, 
while  no  le^s  than  83*45  per  cent,  escapes  from  tho  mouth  in  tho  shape  of  com- 

*'a/™'*    bustible  gases,  it  cannot  excite   any  wonder   that   the   idea  arose  of 

utilising  these  gases;    this  idea  has  actually  resulted  in  various  useful  ways,  as, 

lor  instance,  for  the  fusion  and  puddling  of  the  iron,  for  tho  refining  and  cleansing 

br  welding  of   the  iron,  for  tho  heating  of  the  blast,  tho  roasting  of  the  ore,  and 

the  drj^ing  and  carbonisation  of  the  wood. 

*  According  to  the  view  of  M.  Berthelot  [1869]  there  is  in  this  instance  first  formed 
aeetrhde  cf  potassium,  C^K,,  which  then  combines  directly  with  nitrogen  to  form  cyanide 
ut  jiutassium,  2(CNK). 
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AppiioRtion  of  thcte  0mm  The  application  of  the  gases  to  the  useful  purposes  just  mentioned 
^  ^sL-iimm'miac?  ^  does  not  exhaust  the  list  of  such  applications.  Drs.  Bunsen  tod 
Flayf air  found  that  the  gases  emitted  by  blast-furnaces  fed  with  coal  as  fuel  contain  such 
a  largo  amount  of  ammonia  that  the  presence  of  that  gas  in  the  lower  parts  of  the  blu(- 
fumaoe  is  even  perceptible  to  the  smelL  These  eminent  savant*  proposed  to  conrej  tlio 
gases  previous  to  being  used  as  fuel  through  a  chamber  containing  hydrochloric  add  gu; 
the  solution  of  sal-ammoniac  thus  obtained  should  be  run  into  the  pan  of  a  suitably  oon- 
structed  reverbcratory  furnace ;  and  a  small  portion  of  the  current  of  gas,  after  havmg 
been  ignited,  being  carried  over  the  surface  of  the  liquid,  the  evaporating  process  can  Im 
regfulated  so  as  to  obtain  a  continuous  stream  of  a  concentrated  solution  of  sal-ammoniac 
^  a  metallurgical  by-product.  Experiments  instituted  at  tiie  Alfreton  Iron  Works  (Uait 
furnace)  proved  that  in  this  way  about  2*44  cwts.  of  sal-ammoniac  could  be  produced  dsily 
without  any  great  expense  and  without  any  interference  with  the  process  of  iron  mtoii- 
facture.  The  formation  of  sal-ammoniac  is  intimately  connected  with  the  formation  d 
cyanogen  just  8x>oken  of.  When  cyanide  of  jx^tassium  comes  into  contact  with  aqneou 
vapour,  it  is  decomposed  into  ammonia  and  f ormiate  of  potassa — 

(KCN+2H,0=NH3+CHK0  ) ; 
the  reverse  reaction,  that  is  to  say,  the  withdrawal  of  all  oxygen  in  tho  form  of  water, 
from  formlate  of  ammonia  would  result  in  the  formation  of  cyanide  of  hydrogen — 
[CH(NH,)0, -2H,0=CHN]. 
^»t  iroS!  The  iron  obtained  by  the  blast-fiirnace  process  is  impure,  and  therefore 
called  crude  cast-iron ;  it  contains  carbon  (in  the  shape  of  graphite  as  well  as  I 
in  a  state  of  intimate  chemical  combination  with  iron  as  a  carburet  of  that  metal]*  ' 
silicium  again  as  so-called  silicium  graphite  and  as  a  siliciuret  of  iron,  sulphur, 
phosphorus,  arsenic,  and  aluminium.  Tho  colour  and  physical  properties  of  the  iron 
aro  determined  by  tho  quantity  of  carbon  it  contains.  Formerly  the  more  or  less 
deep  colour  of  the  crude  iron  was  believed  to  be  dependent  upon  the  larger  or 
smaller  quantity  of  carbon  the  iron  contained,  and  accordingly,  the  deepest 
coloured  metal  was  supposed  to  contain  the  largest,  and  the  least  coloured  iron,  the 
smallest  quantity  of  carbon ;  investigations  have,  however,  satisfactorily  prored 
that  it  is  not  so  much  the  quantity  as  the  manner  in  which  the  carbon  (IDtewise 
tho  silicium)  is  present  that  determines  tho  quality.  Tho  fiact  is,  that  with  carbon 
and  silicium  a  portion  only  is  chemically  combined  with  the  iron,  while  the  largest 
propoi-tion  of  these  metalloids  is  only  mechanically  mixed  with  the  metal,  bdng, 
as  already  stated,  present  in  the  form  of  graphite  (graphitic  carbon  and  siliciuin). 
According  to  the  researches  of  M.  Fr6my  and  others,  it  is  probable  thst  crude  iron 
frequently  contains  nitrogen,  and  that  tho  presence  of  this  element  influences  the 
quality  of  the  metal ;  but  this  view  is  not  endorsed  by  MM.  Caron,  Gruner,  and 
Dr.  Rummelsberg.  There  are  two  chief  qualities  of  crude  iron  in  the  trade,  vifcf 
white  and  grey  coloured. 

White  CMt-iron.    Whito  cost-irou  is  distinguished  by  its  silvery  white  colour,  hard* 
ness,  brittleness,  strong  lustre,  and  higher  specific  gravity,  which  ranges  from  7*58 
to  7*68.     Sometimes  this  kind  of  iron  happens  to  contain  prismatic  crystals  visible 
to  tho  naked  eye,  and  such  iron  is  then  called  spiegeleisen,  or  crystalline  pig  (cra^® 
steel  iron.)    This  variety  of  iron  may  be  viewed  as  a  combination  of  CFee,  or,  mol* 
accurately  stated  as  FcoC-f-FcsC,  with  5*93  per  cent,  of  C.     If  the  structure  of  tb-^ 
white  cast-iron  is  radiated  and  fibrous,  while  the  colour  is  bluish-grey,  the  met^^ 
is  known  as  wliite  pig-iron  with  a  granular  fracture.     When  the  white  colour  dJB" 
appears  still  more,  and  the  fracture  becomes  jagged,  such  a  metal  holds  a  mediui^ 
between  white  and  grey  pig,  and  is  therefore  called  porous  whito  pig. 

Grey  CMt-imn  Groy  cast-irou  exhibits  a  bright  grey  to  deep  blackish  grey  colour^ 
Its  texture  is  granular  or  scaly ;  its  specific  gravity  averages  about  7,  consequently 
less  than  the  white  variety,  and  the  grey  iron  is  also  less  hard.     When  pigs  happen 
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*  contain  both  grey  and  wkite  iron  in  portions  only,  or  dispersed  through  their  entire 
ass,  such  metal  is  called  half-and-half  iron,  and  is  specially  applicable  to  foundry 
irposos.  The  chemical  difference  between  white  and  grey  cast-iron  is  due  to  the 
ct  that  the  former  only  contains  chemically-combined  carbon  (from  4  to  5  per  cent), 
hile  the  latter  contains  from  0*5  to  2  per  cent,  of  this  element  in  the  combined 
ate,  with  rather  more  than  that  amount  mechanically  mixed,  viz.,  from  1*3  to  37 
sr  cent  As  regards  the  melting-point  of  cast-iron,  the  white  variety  fuses  at  a 
»wer  temperature  and  more  easily ;  but  the  grey  cast-iron  possesses  far  greater 
nidity.  Crude  cast-iron  is  not  malleable,  and  cannot  be  welded  or  forged ;  when 
lade  red-hot,  it  becomes  very  soft— so  soft  that  it  can  be  cut  with  a  saw  such  as  is 
laed  for  sawing  wood;  but  when  placed  on  an  anvil  and  hammered,  this  iron 
jwaks  into  fragments  oven  when  red-hot.  Grey  cast-iron  is  the  best,  and,  in  fact, 
)nly  suitable  kind  of  crude  iron  to  be  used  for  making  iron  castings.  The  perfect 
fliddity  of  this  metal  when  molten  causes  it  to  fill  the  moulds  well,  and  to  yield  excel- 
lently sharp  and  well-defined  forms.  White  cast-iron,  on  the  contrary,  is  not  used 
for  iron-foundry  purposes,  because,  while  solidifying,  it  warps,  and  the  surface 
becomes  concave.  Grey  cast-iron  can  be  filed,  cut  with  the  cold  chisel,  turned  upon 
Uie  lathe,  and  planed.  White  cast-iron  is  too  hard  to  admit  of  any  such  operations 
\m%  performed  upon  it.  Grey  cast-iron,  molten  and  then  suddenly  cooled,  is 
conTerted  into  white  cast-iron ;  on  the  other  hand,  white  cast-iron,  molten  at  a 
Teiy  high  temperature  (heated  far  above  its  melting-point),  and  cooled  very  slowly, 
becomes  converted  into  grey  cast-iron. 

TbQ  quality  of  the  iron  produced  bv  the  tiast-fumace  process  does  not  so  much  depend 
vpofQ  the  ores  and  other  materials  used.  In  this  respect  the  temperature  is  of  far  greater 
importance.  It  would  appear  that  alter  wery  fresh  charge  there  is  at  first  produced  white 
cut-iron,  which  is  only  convert^  into  mey  cast-iron  by  a  very  much  increased  tempera- 
ture. If  the  reduction  of  tho  ore  to  metal^<^are  being  of  course  taken  to  have  a  proper 
proportion  of  ore  and  the  other  materials — proceeds  regularly,  the  furnace  is  said  to  be  in 
» healthy  state  of  working.  Under  such  conditions,  the  slag,  which  contains  only  very 
little  protoxide  of  iron,  is  never  deeply  coloured.  If  fuel  were  not  supplied  in  proper 
proportion  and  the  ore  to  prevail,  the  reduction  would  probably  bo  imjwrfect  and  the  slag 
a  deep  colour,  in  consequence  of  the  presence  of  a  large  quantity  of  protoxide  of  iron 
(wloBT  of  dark  gnreen  bottle  glass).  Such  a  condition  of  working  is  termed  irregular. 
When,  in  consequence  of  an  excess  of  fuel,  the  heat  in  the  furnace  becomes  very  great, 
that  condition  of  working  is  termed  hot,  and  only  grey  cast-iron  is  formed. 

The  results  of  the  chemical  analysis  of  some  varieties  of  crude  metal  may  elucidate  the 
RBDfiral  composition  of  cast-iron :  the  under-mentioned  samples  are  : — i.  Spiegel  iron,  made 
worn  14  parts  of  spathose  ironstone  and  9  parts  brown  iron  ore  (Hammerhiitte).  2.  "White 
pig-iron,  with  a  grranular  fracture,  from  Styria.  3.  White  pig.  4.  Half-and-half  pig. 
5.  Grey  cast-iron  (from  brown  iron  ore  and  charcoal).  6.  Grey  cast-iron,  from  brown  iron 
tod  spathose  iron  ore  mixed.  7.  Grey  cast-iron,  from  ochreous  brown  iron  ore  and  coke. 
The  sign  —  indicates  that  no  search  or  testing  was  made  for  the  substance ;  the  sign  o  in- 
dicates  that  the  substance  was  not  found. 

I.  2.  3.  4.  5-  6.  7. 

Combined  carbon      ..     5-14        4*920        2*91        278        089        103        0*58 

Graphite      o  o  o  1-99        371        362        257 

Sulphur       002        0017        001  o  —  —  — 

Phosphorus 0*08  o  008         1*23  —  —  — 

Silicium       055  o  o  871  —  —  — 

Manganese 4-49  o  179  o  —  ^        — 

The  results  below  are  those  obtained  by  M.  Buchner,  while  examining  tho  quantities  of 
ttibon  and  silicium  contained  in  crude  iron:  I,  2,  3,  4,  are  Spiegel  iron,  almost  or  quite 
nXBtalline ;  5,  6,  porous  white  pig. 

I.  2.  3.  4-  5-  6. 

Oy 4*14       380       409       375        3'3i        303 

C3 —  —  —  -  - 

Si      0*01        0*01        026       027        Spur       0-15 
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eI-^  a  liig-li  cliimncy.    The  molten  metal  on  heixig  tnpped  is  cvmduet*^  to  the 
i  in  tlic  SAmc  matiner  as  with   th*>  ciipoiii   fximace.     Rather  more  than  50  cwtji.  of 
^  _     on  caA  be  melte^l  nt  once  in  fi  rrvi-rbrrritnn'  f  ymuoo  ;  b\it  ein':e  the  air  has  free  access, 
tlie  irom  becowiess  gradually  dtx^irliouiscil.  mjrl  i**  thus  rtnd*  red  unlit  for  castin>r«* 
_iu4Jm«  the  ifttKiicik.     The  mo«t  cftsentiul,  and  uUMnont  ditlkidt,  jjiirt  of  the  iron  ►founder's 
» the  propter  e<*nstruction  of  the  moulds.     Acconlitig^  to  tlit^  tnateriali*  from  which  the 
nro  con*dmcte<l,  wo  diHtin|fui«h — i,  Sund  moidiiiri^  or  green-suind  monldiuijr,  the 
bI  '  ]»*cnliar  kind  of  stmd  (foimdry-samd).— It  is  nw^^soiy  for  this  sand  to  Ihj 

Jind  vet  i^iiftieieiitly  coherent  that  the  Mhivrptst  im^fes  and  ^omtTira  will 
.H^.     Ttiis  latter  pr*jpor<y  is  in^piirted  to  the  mud  by  liddinjar  as  mui'b  rhiy  im 
'  thf  maftS  capable  of  being  pquoezed  with  the  hainl  iido  bidlet  when  moirstencni 
A  certain  amount  of  porosity  ia  al*tj  roqiiisito  to  enable  the  steam  which  is 
when  the  molt*?n  iron  ct^mea  intx)  contact  with  the  moidd  to  retidily  ewmpc.     This 
h  oojnmunicated  by  tho  addition  of  powdered  charcoaL     Siind*moultts  are  not 
molten  iron  i^  poured  in.    nuoh  objects  as  platesi  grates,  railingB,  and 
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hti^U,  wWch  fir**  Tcrel  mi  mtc  aide,  are  east  in  opof*  sand-mottlcb ;  that  is  to  lay,  on  the 

I'd  with  sand  of  thci  requiBite  quality,  the  mauhU 

-  into  the   sand.     For  other  branohc*'  of  the  work, 

ud  is  n*ed.     2,  Drj"  ennd  moulding. — "P     *  — -    iire 

lieing"  taken  to  dr>' the  moid  .is  tho  r  s>rc 

dal  UHC"d  for  this  ptir^iose  it*  loam,  wi       ^       imu** 

.  moistvnetl,  and  inLxed  with  horjwi-rlunj^  to  prevent  the  uunildR  from 

:]'j,.     4.  Case-hardeuiiig-,  or  rraftin^  in  iron  moulds. — Thi^  mode  of 

fjiilv   applies   to   8ome   ]iecidiar   dt^^ieriptions  of  work,  as,  for  in><tanc€'»  th'^ 

'  milin^jr-millH,  aomc  kiuda  of  shot  and  shell<^,  and  railway  wapvou-whei^H.* 

>f  iron   in  "1 '-   ti...  r.-fir-  „  ,  ,1^    ,j^([  rtf»Udifie.*  very  rapidly,  and,  an  a  eon- 

ontc^r  Ir  :  >  white  ea^t-iron,  whicli  if*  very  hanb 

lid»frsforr  ,  that  while  the  surface  is  very  hard,  they 

f  and^  tliciefore,  frii^ilf ,  U^eun^:'  the  interior  oonsii?ts  of  grey  cast-iron. 

I  ttusting  ia  by  far  the  mo^t  general  nu^Klo  of  easting ;  furnace  bars,  castt.iron 

plAt«]t^   wheels,  nnd  a   variety  of  objects,   lire   thus  made.      Dry-sand 

for  the  ca:*tinj?'  of  iron  gas*  nnd   watcr^piiK?-^,   and  also  of  cast-iron 

\tfi-r  \<  r»!,  f.  F-riDv  iiK«de  from  '^nth  pig-iron  fi*t  eontAin«  grey  and  white 

-ss  and  ebtpititity^can  thus  bo  obtained-     Dry-sand 

f  small  ornamental  objects,  so*<ialled./<r /^r  Y/r/7f», 

s:-*,  and  a  pe<jnliar  kind  of  ca!st*ir«;>n  pins,  as  well  h^ 

LHiam-moulding  is  usetl  fur  the  casting  of  larinw 

mv,  ;jiiu  .'tu'  t  i  li- •  objects  for  wliich  no  wooden  pattern  b  made;  lil'^o 

t  of  wteara-enjgtne  cylinders.     Wo  distinguish  in  thi?*  kind  of  moulding'  tlift*^ 


•  TKi»  nuij  be  the  case  in  Germany  :  but  in  this  cxmntry  the  wkeda  ai«  made  of  be«t 
ngbt-iron,  and  forg?ed  by  meaoa  of  sleam-hammota,— Ed. 
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n.  The  core,  or  kernel,  the  8i2G  and  shape  of  whicli  ectrreftpoiula  I o  the  interior  of  tlifl 
objwt  t/j  lie  ca?t.  I 

i.  111**  foimflrT-patt<?ni» 

e.  The  exterior  mould,  al»o  tenni'd  the  caw. 

The  loam  raouldinira  are  very  rapidly  dried :  the  naHting  of  ntatnefi  and  other  mmittmeatA! 
work  is  doiio  by  loaiu  niouldin^^  but  zinc  iw  J>eginnuifr  tt>  HuperHede  iron  for  thisi  pulfl^H 
^Vlienever  objects  hjivo  to  be  wiHt,  the  i^urfaee  of  whioh  in  very  imeqiuil^  r.c.,  mj  4^^H 
tliat  ti  partial  dismounting  of  tlie  aitje  ia  impossible,  as  may  happen  for  imstatitieW 
sUitucN  and  monumeut4il  work,  the  i<hape  In  made  on  the  core  by  mennB  of  wax :  the 
pattern  uirtker  con^tructH  a  pnttcm,  oftrn  cotiHiHtinjr  of  a  number  of  loone  pteoefi;  into  thi& 
the  nutlten  wax  ia  prjuretl,  and  the  mould  thu»  obtained  is  carefully  pJiiced  on  the  eore  iinA 
properly  joined.  Tlie  wax  n  luld  i«  brutjhed  over  with  a  mixture  of  pul vfjri>*ed  grnphit^*  aufl 
rery  finely  divided  clay^  which  operation  is  wvveral  tiiiu>ji  repented ;  after  thi.*<  the  mould  \m 
coveretl  with  a  layer  ^if  loam  mixed  with  eow  hair,  and  as  soon  as  thtf*  layer  iw  dry  the  wwi  !■ 
removed  by  applying  a  jurentlo  beat,  a  channel  ha vinii;'  hteen  left  by  which  tlie  wax  ciin  cflcapQfl 
Ajwiwiin*-  The  ca^tinifs  when  MufRoiently  cwjl,  are  cteuiied  from  adhering''  Hand,  the  acAinH  cufl 
T'-mj^rimr  off  ^-i^j  ^  i^^yi^  ehiN*!,^  and  in  many  vnnQUi  suhinittiKl  to  a  serie**  of  mechanical  operihS 
tioUK,  as,  for  inMance,  ca-st-inm  oninnnce.  which  ha?*  to  bt  '  V  '  !«'  other  object**  bdvelM 
be  wtjrked  in  the  lathe  and  plauetL     Fn^quently  eiwt-iroii  c»  become  a*  hard  anfl 

brittle  aw  if  they  had  bet'U  cast  from  whit<?  pig-* iron,  iuid  ■  ^    .     iV  are  unfit  for  fUin}^ 

&c. ;  such  iron  ij*  i^entoPfd  to  the  requisite  S4>ftne!»«  by  annealing  or  t^mperingf.     In  t! 
cp«*ration  the  castinp-s  are  Hubmitt<»d  to  a  stronjar  red  heat  and  coohd  slowly »  beinv"  at  th^5^ 
jMime  time  pn:)troted  from  the  oxidli^ingf  infliinice  of  the  air;  the  amiealin^  i.n  efifieetcdH. 
either  by  a  physical  or  chemical  prt^'C-sa*     If  the  former  iw  used,  the  CiUitinpp*  are  ^fimplj^ 
covered  with  a  thick  layer  of  clay  and  niadc  n>(bluit,  tlie  effect  being' a  simple  rean'aii^renien^^^ 
rf  the  molecules  of  the  iron,  which  is  thua  rendered  soft  ag^m  ;  the  heatbijyr  to  redlleH^  is  alsc^^ 
BomctimcH  effected  by  pbicinjk^  tht?  ca^nting^  under  a  layer  of  dry  sand  or  in  ,stiit^ibly  eon-^^ 
atnieted  vessielw  tilled  with  chureonl  or  coke  powder.     If  it  i»  desired  to  impart  to  tli 
eaattnfr^  somc^'hat  of  the  Htrtm^'th  and  touj^^huess  posHOHHed  by  steel  and  malleable  iroi 
the   tampering-  ifl  sj*  arranjtred,  and  heat  applitnl  for  a  longer  time,  whUe  Ibc*  mctnl  i 
mirroundcd  by  a  Tnixtur*^  of  pul VTrrif^ed  eliarcirab  bone-ash.  and  ft>r(Lfe  .'♦tides,  rc4  oxide  o^P 
mm,  oxide  of  mangrmew,  or  oxide  of  icinc  ;    ea»t-iron  which  hao  Jjcen   uniformly  and^ 
thoroughly  decarboitlsod,  is  called  malleable  east- iron,     A  trpeat  many  objectw  former 
exclusively  made  of  uTtnipht-iron  are  now  cfl?»t  and  treated  in  this  way,  while  a  uumbor i 
others,  ineluMive  even  of  razorn,  are  made  of  cjist-iron  superficially  converted  into 
a  metlnid  which  will  l>e  destrihod  under  the  head^^l^■  of  Steel,     fu  ortlcr  to  prei 
nifttinjtr  of  articles  made  of  east-irun,  they  are  frc<|uently  covered  with  a  yamiHh  n»Jidt^ 
coal  tar  and  powdt:rfid  ^ipliite,  or  bt>iled  liiisctHl-oil  and  lani|^^-blaek,  and  when  m\ 
tor  ornamental  or  domOHtic  u»e  they  are  bronzed  or  burniished. 
Enamrtiinf  of      jVmMTi;a-  the  ftrwt  caj^t-irou  objwts  ever  enamelled  were  the  pans  waed 
Cdti-iTot]     kitehenis  for  culinuT)'  purpow?*,  but  at  the  prt*»ent  time,  especiaUy  in  Kn^li 
the  enamelling  of  cit-^t-iron  is  carried  on  to  a  large  extent,  and  include*  &  variety  of  thi 
made  cpf  cawt-  and  even  wrought-iron.     The  process  in  use  is  briefly  as  folh»wj» : — ' 
Rurfnre  of  the  cast-iron  to  bo  enamelled  is   firvt  carefully  cleaned  by  ficourinir  ^rith  RaziA. 
and  dilute  f^udphuric  an.  id,  next  a  swimewhut  thickifih  ma^ma,  made  of  pxdveriscd  quarUE, 
bjjrax,  feldspar,  kaolin,  and  water,  iR  brushed  over  the  clean  metallic  surface  tin  eveidy  as 
possible,  and  irnnui'dijitcly  after  a  finely  powdered  mixture  of  feldspar,  soda,  bf>mx,  f 
oxide  of  tin  is  dusted  over,  after  wliich  the  enamel  is  burnt  in  by  the  heat  of  a  niul 
In  Franco  an  enamel   is  applied  which  consLHts  of  a  mixture  of  130  parts  of  flint  srhv 
204  parts  of  uarbomite  of  anda,  and  12  part^t  of  boracic  acid  fused  tojjcether  and  afterwar*! 
ground  to  a  fine  powder,    Enamelled  irun  has  in  Home  mauuf«u3tured  articloa  takou 
place  of  tjnned  iron  or  irinc. 

ff.  Malleable.  Bak,  or  Wrouoht-Ibox, 
B^^'ii'iKn,      ^^  compartitiyely  olden  times  tho  custom  was  to  produco  m«lleablo 
iron  direct  from  its  ores  by  a  prot'osp  still  iti  use  to  someexteiit  111  StjTiu,  lUyria,  Itniya 
Sweden,  some  pni-t?*  of  Asia,  Andt»mi,  and  othci  localities.     The  process  (a  mudiHc 
tion  of  which  is  known  as  the  Catalan  prrxjess)  ronsifits  in  the  reduction  of  tho  iron" 
ares,  which  must  be  ven,^  rich  aud  pure,  by  means  of  charcoal,  which  serves  aUo  an  futil 
on  a  hearth,  the  combustion  boin^  aide<l  by  a  blast,  often  simply  bellows ;  the  luinp  < 
iron  thus  obtained  ia  immediately  submitted  to  the  blows  of  a  heavy  forpe  hatnmo 
Excepting  in  the  few  instances  just  mentiouod,  this  process  of  direct  eartraction  of  iroo 
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i  ita  orofi  hfifl  been  altogether  abandoned,  and  has  given  place  to  the  production  of 
eable  iron  from  pig- iron ;  the  proces^i  by  which  this  is  eflbcted  is  termed  refining. 
[  coii&isia  in  the  removal  of  the  greater  portion  of  the  carbon  and  oth&rinipuritiei 
staincid  in  the  crude  metal  by  oxidation.     The  crude  metal  thieily  employed  for 
ing-  is  white  pig-iron,  pi'eferably  that  containinjif  ihe  leobt  possible  ♦juaotity  of 
thfin,  be<^au3«  tbi-s  kind  of  iixjn  becomes  soft  before  melting  and  remains  for  a  long 
Be  very  flnul,  and  tlicretbre  presents  a  larger  surface  to  oxidising a^'uts;  the  ebemi- 
[ly  combine^i  carbon  of  wliite  pig-iron  bui'ns  far  more  readily  than  the  graphite  con- 
bed  in  the  crude  grey  cast-iron.     The  refining  pit>ce»8  is  executed  either : — ( i )  On 
ths  (the  German  proceas) ;  or  (2)  In  roverberatory  fumacos  (puddling  or  English 
prooead) ;  In  the  preparation  of  bar- iron  (3)  by  the  forcing  of  air  into  the  molten  metal 
(B«8emer  and  otht r  similar  processes).     This  latter  pi-occ^ss  is  tlesciibed  under  tSteel. 
^**"'**i?SS^''*"'    Th*J  h»arth  on  which  this  process  is  carried  out  is  n^presented  in 
Fig.  8.     The  crude  iron  i«  placed  in  the  cavity  a  of  the  hearth,  h,  and  the  nietul  is 
kought  to  lujiion  in  such  quantity  that  the  molten  mass  has  a  length  of  from  i  to 
\  mcdre,  a  width  of  ab<»ut  27  eentims.,  and  a  thickness  of  ft*om  4  to  g  centime.   The 
ritr,  a,  is  lined  with  thick  plates  of  iron,  and  the  tuyere,  r,  supplies  the  necfigsary 
r  from  n  blast  which  is  directed  against  the  molten  inetaL     The  hearth  is  first  filled 
iigfiit»^<d  charcoal ;  next  the  blast  is  turutxl  on,  and  then  the  crude  nu-Ul  is  placed 
.  the  hearth,  b,  and  becoming  gradually  meltod,  flows  into  the  cavity,  n.   The  uction 
f  the  blast  causes  the  combustion  of  the  carbonaceouiB  matter  of  the  metal »  while  the 
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i\d  adhering  to  the  pigs,  the  silica  duo  to  the  oxidation  of  the  silicium  contained  in 

Ih^cnale  irtm»  and  the  silica  contained  in  the  ash  of  the  fuel  ala4>  jday  an  imp(atant 

tin  the  procees,  because  these  substances  combine  with  the  protoxideof  iron  which 

•  pTi»«Mit,  forming  a  slag, '  composed  of  basic  silirato  of  prf^toxide  of  iixyn  (in  1 00  parts, 

IW'g^  jiiY^toxido  and  j  i  *  1 6  silica).    This  slag  protects  the  iron  during  the  refining  pro- 

|^»,  but  is  gmdually  nin  off,  cure  being  taken,  however,  to  loave  a  sullicient  quantity 

p»  cflVMr  the  ni'.^aL  Mixed  with  forge  sc^d*.^  (a  mixture  of  proto-and  peroxide  of  iron*) 

Ithfr^lag  of  the  first  refining  is  employed  in  the  further  refining  pri>ecss  to  decarbonise 

*ifi^Jn.  When  crude  ciist-iron  is  heated  to  redn*'^  along  with  these  materials,  the 

Joxygwn  contained  in  thorn  is  given  off»  and  comloning  with  the  carbon  contained  in 

i>«i«t-iron,  form*  carbonic  oxide  and  lenves  malleable  iron.     The  refining  process 

i^cauBes  the  more  or  less  complete  elimination  of  euch  substances  as  aluminium, 

"T^      *       .  -,  and  uianganeao from  the  crude  metal,  by  converting  them  into  alumina^ 

iicid,  and  piYttoxide  of  manganteHo,  all  of  whicb  are  taken  up  in  the  fcilag. 

»iMM«u  IAS  all  the  iron  has  become  fluid  the  slag*  is  run  off  and  the  metal  exposed  to  the 

•  AAi'orrling  to  MM.  Mitwherlioh,  Hflo«mami»  Rothe,  and  othera,  the  slag  eometlmeB 
'Miunm  tho  orystaUine  form  and  conipoiUtion  of  olivine. 
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action  of  the  blast,  care  being  taken  to  work  the  metal  about  so  a;8  to  render  the  acticn 
uniform :  the  somewhat  thickish  fluid  mass  becomes  during  decarbonisation  more  and 
more  fluid ;  and  the  stirring  up,  or  raising  up,  as  the  operation  islermed,  is  contiiiTied 
until  the  iron  is  refine«l,  which  is  shown  by  the  fact  of  the  slag  becoming  Tery  rich  in 
protoxide  of  iron.  Towards  the  end  of  the  operation,  the  rich  slag,  Si04,Fe„  is 
formed,  which  along  with  forpre  scales,  is  employed  for  decarbonising  the  meUL 
This  rich  slag  is  never  cr>**talline  in  structure,  but  exhibits  a  dense  tough  masa  of 
higher  specific  gra\-ity  than  the  raw  slag.  The  operation,  called  the  last  breaking 
up  of  the  lump,  con-sists,  first,  in  the  lendering  of  the  entire  mass  (the  contents  of 
the  hearth)  semi-fluid  by  increased  heat ;  and,  secondly,  in  the  separation  of  the 
slag  from  the  metal.  This  end  having  been  attained,  the  lump,  or  ball,  or  bloom, 
is  removed  from  the  fire,  in  the  red-hot  state,  and  brought  under  the  lift-hammer, 
a  '[Fig.  9}  which  is  set  in  motion  by  means  of  a  lifter  and  beam.  By  the  blows  of 
the  hammer  all  the  particles  of  slag  are  squeezed  out  from  the  metal ;  afterwards 
the  lump  is  cut  into  smaller  pieces,  which  are  forged  into  bars ;  100  parts  of  crude 
cast-iron  yield  on  an  average  70  to  75  parts  of  malleable  iron. 

svf^Mi  RrfiniBir  ProefM.  The  Swedish  process  of  iron-refining  (alfio  called  Walloon-forTUD? 
differs  from  the  Gennan  process,  inasmach  as  only  small  quantities  of  cmde  metal  a' 
operated  upon  at  a  timo.  while  no  slajr  ig  added,  the  decarbonisation  being  eflGpcted  by  t^ 
action  of  the  oxygen  of  the  air.  This  procefw  requires  a  great  deal  of  fuel  [in  Swe<^* 
alm(M$t  excluMveiy  charcoaF ,  while  at  the  same  time  a  not  inconsiderable  quantity  of  tl 
iron  is  oxidii»ed.  The  malleable  iron  obtained  is,  however,  of  far  better  qnality,  beii 
denser  and  tougher,  owing  to  greater  purity  and  freedom  from  slag. 

Tke  PntMiiDg  Proccw.  The  process  designated  by  this  name  is  carried  on  in  a  reverber. 
tor}-  fiimace.  In  countries  where  charcoal  is  scarce,  and  hence  too  expensive  xo  ^ 
applied  to  the  refining  of  iron,  coal  is  used,  and,  indeed,  of  later  years,  has  b 
come  more  generally  employeil  on  the  Continent  for  this  purpose.  For,  althouj 
the  iron  thus  obtained  is  of  inferior  quality  to  that  refined  with  charcoal,  to  the  use 
coal  alone  must  the  increase  in  the  production  of  iron  to  the  present  enormo' 
extent  be  attribute<l.  Since  coal  contams  sulphur,  direct  contact  with  iron  has 
be  avoidefl,  and  the  op.Tation  is  carried  on  in  a  reverberatory  furnace,  which, 

pudd'inir  Furnace.  thJs  instance,  is  termed  a  puddling  furnace,  represented  in  vertic 
section  in  Fig.  10,  and  in  horizontal  section  in  Fig.  11.  F  is  the  fire-place.  K  tl 
puddling  hearth,  and  c  the  flue  along  which  the  gases  are  carried  to  the  chirane 
The  puddling-hearth,  A,  consists  of  a  square  iron  box,  to  which  air  has  free  acee 
from  the  firrj-place.  A  layer  of  refining  (puddling)  slag,  to  which  some  forge-soal 
have  been  added,  is  fi^st  placed  on  the  heai-th,  and  heated  until  it  begins  to  soften 
the  surface.  This  point  reached,  the  crude  metal  (by  preference  white  cast-iron} 
placed  on  the  hearth  in  quantities  of  from  300  to  350  lbs.  at  a  time  and  heate 
AMien  softened,  the  iron  is  spread  evenly  over  the  surface  of  the  hearth  by  mea; 
of  a  niko  or  stirrer,  and  continually  stirred  about  (puddknl),  the  heat  being  great 
increased.  D  and  E  represent  openings  giving  access  to  the  hearth  for  the  too! 
capable  of  being  readily  closed. 

The  soft  pasty  mass  of  metal  exhibits  on  its  surfjice  blue  flames  of  burning  carboi 
oxide,  the  metal  becoming  at  the  same  time  thicker  and  thicker:  the  slag  which 
formeil  runs  off  at  B,  and  is  tapjKnl  at  intervals  at  0.  AMien  the  iron  has  be 
sufficiently  puddled,  it  is  scraped  together  and  formed  into  lumps  or  balls,  whiih  r 
submitted  to  the  action  either  of  heavj*  hammers  or  squeezers,  to  free  the  metal  fn 
slag.  Grey  cast-iron,  when  used  for  puddling,  is  first  converted  into  white  ea 
iron  by  smelting  in  a  reverberatory  furnace,  known  as  the  refining  process. 
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I  Th«  UieoTT  of  tKo  puiidlinsr  proc^att  is  the  following  :^ — TEe  curroat  of  air  wHicK  oom^^s 
'   *'  ''  eau,«ea  the  fonmition  of  a  not  mconfiickrabk  qimntitv  of 

oi  wliifjh  t_liTriiijftt*^fci  the  carbon  tontrtiiied  in  the  pig'-iroii 

Jiic'h  bnrnts  off  with  a  bluinh  flume.     Tlie  prugresa  of  the 

^  i)\v>  mas*  more  and  more  pasty ;  wbile,  in  the  intorior,  piwes  of 

iuttlly  formed,  whiuh,  being  gathered  together  bj  moons  of  the  rake» 

"l«09cly  \V4  JikvU  Hud  ihfi  iron  not  fully  decarbonisod  rum*  together,  and  Mng  wt'll 

\  up  soon  undergoes  the  game  change.     Although  this  rtauml  of  the  puddling  procc^ 

Fig.  io. 


rreot,  in  prai'iice  thf  pnM'i  xs  i»  not  so  simple,  U5cause — t.  It  ia  sonrcel 

!  fb<  fMrVm-t^MTit'imiTitr  iriin  iiitimat<'ly  with  the  prfjtoprTo:jcir{f,  itndt  fts  v 

ith  the  iron,  whieh  >     ^  rondcpo 

I   and  becomes  of  h  •*')  :   thi 

►  >  lur     uiiiition  of  conr^c  .slrifj;%  am-.,  l- thus  con 

li  of  the  iron  oauses  a  lo'W  of  eonifrr  4  to  5  per  cent. 

the  carbon  timouut^  to  ft  further  5  por  cimt,     2.  Th 

Fio.   II. 


I  aIwiijr  contaijis  mure  o;  h-ss  Vihisf- furnace  shi^  :ir 
tfttlicA.      Diiriuc  th*?  pud'ilinp'  pn »*<-->  nnv"  fn>e  wli 
■  1  when  this  slu^,  rir.h  in  i^il: 
I  if  iron,  u  liile  carlxm   is 
L  oxidt\  foniiink'  a  sbiif  whi 


wind  and  dirt  con- 

•  'Ofiibhif'H  w\^\\  the 

int-fj 

the 


f  A  basir,  not  ea^^ily  fusible  nlag  remains  mixed  up  with  th*^  metal.      In  the 
the  crmnr  dfawbaek  is  that  the  complete  removal  of  the  f^lag  from  the 
Iti  !«•;   ut  least,  HUfb  baa  been  the  case  hitherto.      Tliat  iron  pre- 

y  even  contain  two  or  moro  per  cent,  of  such  slag,  is  i 

.I'^ii -I  i  ib  not  to  be  wondered  at. 
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ueatiag  with  nim».      Instead  of  cmplojiug^  cool  or  ooke  as  fuel,  ( 
are  often  heated  with  combustible  giiM^H  e««c&pingr  from  the  blast -fi 
for  the  jjurpoae  in  u  gcTierat^jr—  an  urrang^^ment  not  unlike  ft  co^ke-oven,  iH  ^ 
refuse  fiit-'l  IU4  cimnot  be  otluTw^iso  utiliztid,  viz.,  waste  uf  timber- j'ULrcU,  refuse  charooaX^I 
pettt,  and  Rmidl  coal,  in  Hubmittttd  i»y  dry  diHtilliition.      The  generator  is  connected  to  the 
reTert>erator\*  funinw  in  auch  a  iiuinner  that  the  giL^s  evolved  in  the  former  rt*iich  the 
latter  verj'  hjghly  heattvi.     Fur  B4.»uie  yeare  Siemeun's  regenerutor-fumfti^e  hasl^eeu  applic*- 
to  this  purpoise,  and  found  to  «urpaas  all  other  arratigemcutft  of  the  Idud.     "When  onid^i 

pijjT-iron    contaiiii*  ninth  phoKphf»ru»,  that  elemeiLi 
may  be  eliminated  dnring  the  puddling'  proccsaiil 
addinj^    to    tho   metal   a    mixture    of     mang 
common  salt,  and  clay,  Tctlueed  to  powder.    Sulp 
when  profient,  may  be  burnt  off  by  adding  litliarge 
Ateam  nas  alM>  been  used  successfully  for  thiis  la 
purpose. 

The  metal   obtained 
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puddliijg  process  18  submitted  to  heavy  Lammi 
iiig  or  to  equoezora  in  order  to  remove  as  mud 
meclmmcally  adhering  slag  aa  possible; 
this  it  m  ready  for  tbe  operations  carried 

lujuiiii  MUk.  in  the  rolling  mill  (Fig.  12}  whicl 
CODaists  in  the  main  of  the  follo\s*ing  parts: — B 
and  A  a'  are  grouveil  roDere  made  of  chilled  casI 
iron  ;  A  A*  are  dostinod  for  shaping  flat  bare,  ai 
B  B\  for  the  shaping  of  square  bars ;  by  means 
the  nuts,  v  0^  the  position  of  tho  rollers  towai 
each  other  can  bo  njgulated:  the  tubes,  i'  1',  uuij  — g* 
water  for  keeping  cool  portions  of  tbe  machinery——— 
The  coutriTanee  M  K  aenes  to  connect  or  dis — ■ —  | 
connect  the  rollers  from  the  steam  engine  oC-^ — ^ 
water-  wheel  from  which  is  obtained  the  motiTi 
power  ;  the  cog-wheels  F  and  c  impart  motion  it 
the  cog-wheels  f'  and  c'  coniiected  ^ith  the  uppei 
rollers  a'  and  b',  which  are  thus  made  to  move 
tbe  opposite  direction  to  the  under  rollers.  TO( 
metal  to  be  rolled  is  fii^tst  roughl}'  shaped  by 
means  of  heavy  hammers  (steam  hammers  are 
now  often  used),  and  then  passed  gradually 
through  the  varitmsJy  sized  grooves  of  the  rollers. 
Fig*  13  exhibits  rollere  of  a  peculiar  construction^ 
viz.,  steel  rings  or  discs  wedged  to  iron  fthAfHug' 
BO  as  to  form  alternately  large  and  small  groovei 
for  the  manufacture  of  thin  bars  of  iron,  such  as 
nail-rods^  &c. 

A  variety  of  rolled  iron  objects  are  made; 
among  these,  scj^uare  and  Hat  bars,  round  ban, 
T-pieces,  angle-iron,  hoop-iron,  and  nail-rods ; 
railroad  rails  constittite  an  important  item, 
li^iii^r  puu>  BrtUiDir  The  rolling  of  boiler-  and  anncar  pbite  ie  an  iAolnttnl  branch,  <diice  ii 
requires  a  metal  of  good  quaUty,  combimng  aoftnew  with  touglineH.%  and  capable  of  bcin^ 
worked  far  below  reil  heat  without  becoming  too  brittle  or  requiring  annealing  t<H)  often- 
for  boiler*  and  armour-platens  the  metal  is  formed  into  alabH  of  proj.x>r  size»  which,  while 
nearly  white  hot,  are  foroc*i  thr^sugh  the  rollers*  After  eat^h  »ic«c^fding  passage  of  tho 
alab.  the  mllers  are  set  tighter,  the  oxide  (forge  scale)  which  U  formed  on  the  surface  ol 
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conrHeJ 
\  is  rulled  out  from  plate-irc»n  cut  intij  i^iuall  rsljib«,  whioh 

_  '  of  the  ,,j^-  — -  -  ^K,.  ...11.,..,  ^_  ,„.^. 

fxmiaceft.     Uir  i  :    ug 

axid  the  tiimiti^  uf    irua  life  iresated  ol;   e«jrrrii^tt)d  iryii  u 
UMide  br  pecuUiirly  shaped  aztd  grooved  roUer*. 

ir  ■  wire  Tilt  tlniwijjg  of  iTou  into  wiie  requires  particu-  i 

larlv  tough  and  fibrouiiUietaL  In  former  diiyH  irtJii 

\9  by  drawinfr  thin  tiruular  harfi,  by  tlieaid  of  ton^, 

V  made  in  steel  platv^i ;    in  the  present  day  iron 

5^  TTintle  with  rollera,  while  the  thinner  wire  Lsi 

ly  to  be  presently  deMiribed.      Tlio  n>llitijr- 

■j:  of  iron  i^ire  up  io  a  diameter  of  about  \  of 

-  'I  rliree  rollerB  providwi  yriih  grooves,  which  eoHTKpond  to  and  eatch  a  bar 

placed  l»ctwtX'n,  the  bar  being  Viivm  »jf]UtH?j:ed  in  the  grooves ;  thcHt*  rullera 

.  ihationH  a  miuute,  and  Mince  the  diarottt<*r  is  S  inches  their  cireumferentinl 

velocity  is  r=  S'^7  feet,  or  in  other  words  S  feet  44  inches  of  wire  pai*<^  through  the  rolhiTB 

in  a  «r^  rmd  nf  time;  thinner-wire  i«  obtained  by  drawing,  with,  the  aid  of  miu'hinory,  the 

itiHj:  i»f  wire  through  holes  made  in  hiird  and  unchangeable  materials,  the  «iie 

(jf  *  LTadually  decretuaiiig.     For  thi«  piiJ*i>o*e  the  pre^'iousily  annealed  wire,  from 

1 1-  inch  diameter,  ia  wound  on  the  n^l,A  (Fig.  14) ;  the  t^nd  of  the  wire  ahaped 

m\u  [Xjint  is  put  thniugh  the  hole  made  in  tliedniw-pljite,  b;  thi^  hole  being  of  a 

«lii.  t     ^  !  iLraeter  than  that  of  the  wire,  which  ia  n^xt  fastc'iicd  to  tlie  hook,  c  (Fig.  15), 

of  the  etiuicuUy-shaped  drum,  c,  which  aoquirefl  a  rotatory  moticm  from  tJie  main  shaft,  P, 

(Rf  ,  14),  by  means  of  comcAlly-fthaped  oo|f-wh©da,  an  arrangement  being  provided  to  oon- 


aeet  or  di«Poiinect  the  appuratuf*  frf>m  the  f«tenin-engine,  so  a«  to  «top  or  i»ot  In  motian  th« 

— ^— -flni\*  in-j-  Ttmchinery  without  stopping  the  6team*engine.     The  ftliape  of  the  holes  in 

IB  of  the  highest  importance  for  the  b-uecreiw  of  the  opcmition,  and  to  obtain 

I  wire  the  holtxs  oujfht  to  be  quite  true;    jf,  however,  the  holen  were  mnde 

rj*  through  the  etitin?  thickness  of  the  drnw-plnte^  the  result  wtmM  he  that 

hI  of  suddenly  diinitiishing  in  size,  would  break  ;  on  tJtiat  account  the  holes 

\  iuHii'  '    '         '     The  draw-phit^i  w  made  of  steel,  but  fi>r  vcr)'  thin  win   '       V     1 1-^ 

1  ed  an?  cmpl< )}'<Mb   Lroii  viire  lian  U\  be  rcp^at^nlly  ann* 

a<i  _    thii  annealing  operation,  u  11  U'hk  carried  on  with  com|  :  1- 

Bon  of  air,  o  layer  of   oxide  of   iron  ia  forme<l,  the  wire  requires  treatment  m  what  ia 

I  terhtti'-nllr  tf  rm*^]  n  w^nr  bath,  eompoeed  of  dilute  «ulpburic  acnd  and  a  certain  amount 

[•4*1  "  I  layer  of  copper  dcpoHit^nl  on  the  wire  during  tlie  immemon 

[Iti  ^1  I  an  the  wire  in  pamniT  throujerh  the  holes.     Tlie  thinnest 

'ji^i   i.j   .J  ^  '  -  a  diameter  of  ^  r^-     ^  *'     ♦'         inch,  aud  in  known  H8 

\  wuip.      Iron  wire  i  ^jft  by  being  \\<  uud  Ib  prfjtc^ctfMi  frctm 

:  by  immersion  iu  ti  lioltcn  2iue,  bo-(mi  r.     The  u*ea  to  wliich 

ipm  wiro  w  applied  are  «30  varied  that  it  ifl  aovtsely  ponsiblt)  to  entini^rate  them;  thiii  ia 
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the  less  necessary,  as  in  no  country  in  the  world  is  iron  -wire  so  largely  used  as  in  ti^ 
United  Kingdom,  especially  instead  of  hemp  for  rope-mauking. 

^'jSTiron!'      Malleable-  or  bar  iron  is  made  up  of  an  aggregation  of  fibres  which, 

according  to  the  researches  of  Dr.  Fuchs,  are  composed  of  a  series  of  very  small 

crystals.  Heavy  blows,  continuous  vibration,  and  sudden  cooling  of  the  metal  while 

red-hot,  all  cause  the  particles  to  lose  cohesion  and  alter  the  texture  from  fibrous  to 

granular :    a  well-known  consequence  of  this  change  of  structure,  which  is  also 

suddenly  induced  by  great  cold,  is  the  loss  of  tenacity  in  the  iron,  often  attended  with 

breakage,  as  happens  frequently  enough  to  railway  wheel-tyres,  axles,  &c.     The 

colour  of  malleable  iron  is  bright  grey,  the  fracture  granular  or  jagged ;  its  specific 

gravity  varies  from  7*6  to  7*9  (that  of  chemically  pure  iron  being  7*844) ;  from  0*24 

to  0*84  per  cent,  of  carbon  is  present  in  the  iron,  the  greater  part  in  a  state  of 

chemical  combiDation,  in  fact  there  is  only  a  trace  of  graphite. 

The  chemical  constitution  of  malleable  iron  is  shown  in  the  following  analytical 
results : — Sample  I.  being  English  iron  from  South  Wales ;  II.,  soft  iron  from  liagde- 
sprung  on  the  Harz  (Prussia) ;  III.,  Dannemora  iron  from  Sweden. 

I.  II.  in. 

Iron 98904  98963  9877s 

Carbon      0*41 1  0-400  °*^'*5 

Silicium 0*084  0*014  o*ii8 

Manganese       . .      . .     0*043  0*303  0*054 

Copper      nil  0*320  o*o68 

Phosphorus       . .      . .     0041  nil                  nil 

Malleable  iron  of  good  quality  does  not  become  brittle  when  placed  red-hot  into  cold  water; 
it  ought  not  to  lo«c  its  mal  It  ability  when,  thus  treated:    it  is  far  softer  than  white  and 
bright  grey  cast-iron,  and  is  therefore  easily  filed,  cut  with  the  cold  chisel,  planed,  and 
shaped  in  various  ways  even  cold ;    it  melts  with  far  more  difficulty — reqiuring  a  mach 
higher  temperature — than  cast-iron ;  but  malleable  iron  is  possessed  of  the  valuable  property 
of  becoming,  at  a  bright  red  heat  (oranflpeheat),  so  soft  as  to  admit  of  two  pieces  being  firmly 
welded  together.  The  malloable-iron  of  oommeree  is  often  more  or  less  mixed  with  foreign 
substances  which  in  sonic  cases  impair  its  quality ;  if  sulphur,  arsenic,  or  copper  is  present, 
the  iron  is  thereby  rendered  red-short  Jbreaks  when  hammered  in   the  red-hot  statej; 
silicium  renders  iron  hard  and  brittle ;   pnosphorus  makes  it  cold-short,  i.e.  rather  readily 
breakable  when  cold,  although  not  so  when  red-hot ;   calcium  has  the  effect  of  greatly 
impairing,  if  not  altogether  destroying,  the  welding  capability  of  the  metaL      As  legaxds 
the  choice  of  the  different  qualities  of  malleable  iron  for  various  uses,  it  is  not  in  the  scope 
of    this  work  to  enter  into  detail,  the  question  being  one   of    applied  mechanics  and 
engineering  rather  than  of  chemistry.      Swedish  bar-iron  is  for  certain  purpoaes  in  high 
repute,  owmg  to  the  purity  and  strengfth  of  this  kind  of  iron. 

y.  Steel. 
8te€L  This  substance  differs  from  crude  pig-iron  and  from  bar-iron  in  the  am6unt 
of  carbon  it  contains;  from  crude  iron,  moreover,  by  being  capable  of  welding; 
and  again  from  bar-iron  by  being  comparatively  readily  fusible  :  in  reference  to  the 
amount  of  carbon  i)re{^ont,  steel  holds  a  position  between  crude  pig-iron  and  bar-iron. 
Eocont  researchoK  have  revealed  the  fact  that  steel  contains  nitrogen  ;  but  whether 
this  ohin(»nt  really  contributes  to  the  peculiar  properties  of  steel  obtained  frxxm 
different  sources  is  not  a  definitely  settled  point.  Steel  is  obtained  of  various  quali- 
ties by  a  number  of  processes,  as  will  be  seen  in  the  following  brief  reference  : — 
a.  Dirwtly  from  iron  ores  : — 

I.  By  the  reduction  of  iron  ores  directly  with  the  aid  of  fuel  (chiefly  charcoal),  and  a 
blast  on  the  hearth,  the  steel  being  obtained  in  the  form  of    lumps    (e:>-called 
natural  steelj. 
2    JU-  the  heatmg  of  certain  iron  ores  along  with  coal,  but  without  fusion  (cementa- 
tion steel  from  ores). 
3.  By  the  fusion  of  the  iron  ores  along  with  charcoal  in  crucibles  (cast-steel  from  ores). 
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i,  BytheiMiiiBl  deoarbomiBation  of  pig-iron  (roagh  steel,  fomaoe-sted,  or  (German  steel) : — 

4.  By  the  refining  (partial  decarbonisation)  of  pig-iron  by  means  of  charcoal  fuel  on 
the  hearth  (shear-steel). 

5.  By  treating  pig-iron  in  rererberatory  furnaces  fed  by  coal  or  blost-fumace  g^ases 
as'fuel  (puddled-steel). 

6.  By  forcing  air  through  molten  cast-iron  (Bessemer-steel). 

7.  By  heating  cast-iron  to  redness  along  with  substances  which  will  eflFect  decarboni- 
sation below  the  fusion  point  of  the  metal ;  if  the  substances  employed  for  partial 
decarbonisation  are  iron  ores,  the  steel  is  called  iron  ore  steel. 

8.  By  melting  crude  cast-iron  with  such  substances  as  those  just  mentioned. 

9.  By  treating  crude  cast-iron  with  sodium  nitrate  (Heaton-steel,  liargrcave-steel). 

€.  By  imparting  carbon  to  bar  or  malleable  iron : — 

la  By  ignition  with  carbonaceous  matter,  but  without  fusion  (cementation-steel). 

II.  By  ^sion  with  chiurooal  (cast-steel). 
d.  By  combination  of  methods  b  and  <;,  as  in  fluxed  steel : — 

12.  By  melting  crude  pig-iron  and  malleable  iron  together. 

In  India  a  kind  of  steel  is  still  made  directly  from  iron  ores,  and  known  as  wootz  (as  to 
the  composition  of  this  substance,  see  the  "  Chemical  News/'  vol.  xxii.,  p.  46);  it  is  possessed 
o(  excellent  qualities.  The  Japanese  also  understand  the  art  of  making  steel  of  most 
excellent  quality  by  rather  rough  and  primitiTe  means.  According  to  the  modes  of 
Kumofacture,  we  disting^iish  the  following  kinds  of  steel : — 

xo«|k  sieci.  Thin  material,  obtained  by  the  partial  decarbonisation  of  crude  pig- 
iron,  may  be  either : 

I.  Bough  steel  made  on  a  hearth  (natural  steel),  chiefly  obtained  from  the  pure 
^thic  iron  ore,  from  which  iu  Styria,  Carinthia,  Tyrol,  and  various  other  parts, 
porous  white  pig-iron,  or  white  pig-iron,  with  granular  stnicture,  is  first  obtained  by 
means  of  charcoal  and  coke  as  fuel ;  the  ordinary  grey  cast-iron  can  also  bo  used,  but 
the  resulting  steel  is  not  of  such  good  quality.  The  general  arrangement  of  the 
Iiearths  on  which  rough  steel  is  made  is  the  same  as  for  the  operation  of  iron  refining ; 
tli}only  difference  is  in  the  mo<le  of  placing  the  metal  in  reference  to  the  blast,  the 

operation  being  so  conducted  as  to  cause  only  the  gradual  combustion  of  the  carbon  ; 

the  workmen  fciko  care  to  control  the  blast  and  place  the  metal  in  a  manner  which 

enables  them  to  stop  the  further  action  of  the  air  the  moment  the  proper  amount  of 

decarbonisation  has  been  effected. 

2.  Steel  obtained  in  a  roverbunitoiy  furnace,  or  puddled  stet^,  obtained  from  various 
ki  ida  of  cast-iron  b}'  a  process  akin  to  the  puddling  of  crude  cast  iron,  the  burning  off 
of  the  carbon  not  being  carried  so  far.  This  mode  of  manufacturing  steel  is  exten- 
aivr'ly  employed,  and  yields  a  material  well  suited  for  the  making  of  various  kinds 
( f  machinery,  railway  carriage-wheel  tyres,  and  is  also  largely  used  in  the  manu- 
facture of  cast-steel. 

Stvrian  and  Carinthian  cast-Hteel  (charcoal  iron-steel)  is  far  more  expensive  than 
puddled  steel,  but  the  former  is  indispensable— at  least  on  the  Continent — for  the  manu- 
facture of  all  kinds  of  cutting-tools. 

3.  Ik'ssemor-steel.  Mi\  Ilonry  Bessemer,  in  1855,  first  applied  a  process  of  making 
steel  directly  from  cast-iron  ;  the  process  consists  in  forcing  large  quantities  of  air 
through  molten  crude  iron ;  the  consequence  is  that  the  conversion  of  the  iron  into  steel 
is  effected  in  a  coniparativcly  brief  8i)aceof  time ;  moreover,  the  resulting  steel  remains 
fluid ;  the  difference  of  the  action  of  the  air  as  an  oxidising  or  decarbonising  agent  in 
this  instance,  as  compared  \^'ith  the  i)rocess  of  steel-making,  mentioned  under  Xo.  i 
and  2,  is  that  in  the  case  of  the  Bessemer  method,  the  air  thoroughly  penetrates  and 
comes  into  contact  with  eveiy  particle  of  iron  ;  whereas,  in  the  other  instances,  the 
action  of  the  air  is  only  at  the  surface ;  and  since  the  steel  obtained  by  methods 
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X  and  2  is  lees  fusible  than  the  crude  iron  used,  a  second  refining  or  Bmoltin^  1:>e<xnztat  ■ 

neoefismy  to  render  the  steel  uniform  and  homogeneous. 

The  Beaaemer  prooesfl  h  executed  either  in  diminutive  ednLft-oveos  or  m  rg«-r»iii»p^?»i 
Teaaels  nuide  of  boUer-plutc'  converterN,  and  liuM  with  fire-clay ;  projeotin^  for  fomo  inmW  1 
throagrh  the  inside  of  the  bottom,  five  |th  iiuh  wide  fire*cluy  tubes  are  carried*  throu^b^H 
which  powerfully  compresBed  air  can  be  forced.  The  apparatus  h  placed  in  cl<i^^| 
proximity  to  a  blajst  furnace,  po  iis  to  admit  of  runniniEr  the  molten  iron,  purpof^ly  k<*pt  ^^| 
a  very  hijtfh  dejfroo  of  heat,  readily  intfj  the  oven  or  other  veswl,  while  at  the  I*'  '^^1 

oonvert<*r  there  i*i  an  aperture  closed  with  a  fire-clay  plug,  through  which  tht  IH 

can  be  diM^arged.      Ak  mjou  &&  tlie  bla^t  in  tumod  itu  and  the  veaaehi  htili  ^ii^  .  ''"^H 
molten  iron,  a  very  violent  motion  euRiies,  the  mt-tal  apparently  hegms  to  boil,  flame*  Ul^H 
myriads  of  Rparks' burst  forth  froiu  the  eon  verier  (thit  phenomenon  appears  to  bt}  due  I4^| 
the  fact  that  particles  of  partly  decarbonised  iron  and  a  mixture  of   iroii  and  oxide  <i^^| 
driven  against  each  other).     According  to  the  duration  of  the  addon  of  the  blaj»t  (to  to  J^H 
minuteu^  steel  or  bar-iron  may  be  madot  ^id  of  late,  even  in  making'  steel,  tlic  liifl|iB[^H 
carried  to  the  highest  posaible  pitch,  and  tii  the  rcisidting  metal  a  portion  of  moltfi^^^^H 
pip-Ln>n  18  added,     Bessemer  steel  is  largely  a-*cd  for  a  variety  of  potposcs;    bat  4t1^^^ 
t^table  for  the  manufacture  of  such  cutting  tooL*  and  iu«truinciitd  as  require  a  keensai  n 
durable  edge  ;  on  the  other  haml,  Bessemer  meUd  in  an  eJiccUent  material  for  the  laaaii- 
factore  of  boiler  and  armour-pbitei.,  ordnance,  railroad-niiU,  and  a  great  variety  of  hoavj 
machinery.      Ab  might  be  expected,  this  method  of  eit4^^4-making  has  rapidly  spread  fpam 
England  to  all  parts  of  Europe  and  tt>  America;    and  as  a  proof  of  th'   '        '        -  profit 
earned  by  the  inventor,  whose  royalty  amounts  t*)  ih,  per  cwt,,  we  may  r  ^  uul 

quantity  of  Bessemer  steel  producsed  in  Eurojw  in  tbe  year  1869  amonnt  —    ,  >  liullioi^J 
of  cwtB.,  70  i>er  cent,  thereof  bemg  produced  in  Great  Britain*  ^H 

4,  Uchatius  and  Martin  Stool  aro  al^o  directly  prepared  from  crude  cast-iron,  I^H 
mixing  granulated  crude  pig-iron,  made  from  native  magnetic  iron  ore,  uIoagWi^H 
pulveriaed  spathic  iron  ore,  and  fusing  this  mixture  in  plumbago  crucible«,  l^H 
Martin  replaced  the  use  of  the  crucibles  in  this  process  by  that  of  the  ^imewii^H 
hollow  floor  of  a  reverbemtory  furnace  heated  by  meani?  of  a  Siemens'^  r  ^^H 
gas-furnace.  A  quantity  of  crude  pig-iron  is  melted  under  a  layer  -  ^,^^4B 
^m  time  to  time  bar-iron  is  added  until  a  sample  taken  out  ia  found  t«>  I>o9H^^H 
texture  and  good  qualitius  of  m all eable< iron.  When  this  stage  has  been  rM^^^f 
a  certain  amouut  of  crude  cast-iron  is  added,  whei'eby  the  entire  quantity  of  i&^H 
is  oonTerted  into  a  kind  of  cast-steel,  chielij  suited  to  the  making  of  railroad-n|^| 
wheel-tyres,  and  especially  gun-barrols  and  ordnance.  Tunner^a  steel,  which  aij^H 
from  1855,  nlso  known  aa  raaUenble  c^st-iron,  is  obtained  by  igniting  white  iij|B 
iron  to  bright  redness  with  substtinees  which  give  otl"  oxygen  (oxidos  of  iron  0M| 
zinc  and  jieroxides  of  manganese)  when  thus  treated, 

5,  Ileatoii  steel.  Prepared  by  a  process  devised  by  Mr,  Heaton,  in  which  cnid* 
iron  is  heated  with  nitrate  of  soda  (Chili -saltpetre).  By  this  method  not  only  the 
carbon  is  eliminated,  but  the  sulphur  and  phosphorus  being  oxidised  and  converted 
into  phosphates  and  sulphates,  find  their  way  into  the  slug.  The  principle  of  thit 
method  is  the  same  as  in  Mr.  Hargreaves's  plan,  and  again  identical  with  a  propoedd 
now  method  of  Bessemer  steel-making. 

*<ffiw?i!w^«i"fl™n'  Jfl'  The  second  kind  of  sti^el  is  that  known  a«  cementaticni' 
Bteel — a  metal  prepared  by  the  ignition  of  bar-iron  in  contact  with  carbonoceons 
matter,  preferably  containing  nitrogen.  The  bar -iron  to  be  employed  ftir  this 
pui7X)se  should  be  of  the  veiy  best  quality,  and  since  in  Great  Britain  and  Pnmoo, 
the  best  iron  produced  is  not  good  enough,  both  these  countries  draw  largely  upon 
Sweden  for  a  supply  of  Dannemora  iron,  made  from  magnetio  and  red  hoomatite-iron 
ores  mixctL  The  Russian  iron  from  the  Unil  is  of  the  same  good  qualitj%  but  ^ 
transport  is  at  present  far  too  costly.  It  is  almost  superfluous  to  mention  that  the 
chief  seat  of  the  steel  manufacture  in  England  is  BhefQeld* 
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Tlie  process  of  mAlrinp  cementatiozi-steel  is  simple  enough.  The  bars  of  iron  are  placed 
a  fire-clay  boxes,  in  hiyers  alternating  with  the  car^naceous  matter  (cementation- 
lowder).  Two  of  such  boxes  are  placed  in  a  furnace  which  is  heated  with  coal,  and  the 
nxes  are  kept  at  a  red  heat  for  some  six  or  seven  days,  and  after  cooling,  the  bars,  con- 
Brted  into  steel,  are  taken  out.  Each  furnace  contains  from  ^00  to  350  cwts.  of  iron.  In 
he  cementation-powder  such  substances  as  will  form  cyamde  of  potassium,  or  ready- 
ormed  cyanides,  ought  to  be  present.  It  appears  from  recent  researches  that  cyanogen 
CN)  is  to  be  viewed  as  the  carrier  of  the  carbon  to  the  metal.  The  crude  steel  (blistered- 
teel)  obtained  by  this  operation  is  not,  as  such,  lit  for  use,  but  has  to  imdergo  a  process 
if  purifying. 
Br«w4-8ttci.      Not  only  cementation-steel,  but  also  that  obtained  by  the  other  methods,  is 

skMr-strcL  too  ooarse  and  not  sufficiently  homogeneous  for  immcoiate  use,  and  therefore 
k  process  of  refining  has  to  be  resorted  to.  This  process  consistfi,  firstly,  in  the  hammering 
rut  of  the  steel  bars,  previously  made  red-hot,  into  thin  rods,  which  are,  while  red-hot, 
pienched  with  cold  water.  Next  a  number  of  these  are  placed  together  in  the  form  of  a 
nmdle,  which  is  a^^ain  made  red-hot,  well  hammered,  and  afterwards  rolled  into  bars, 
[he  method  of  refinmg  here  alluded  to  is  more  suited  to  the  quality  of  steel  obtained  from 
•rude  pig-iron  than  to  cementation-steel.  Steel  thus  refined,  on  account  of  being  used  for 
nakizig  large  pairs  of  scissors  or  shears,  bears  the  name  of  shear-steel. 

ci«-8i#eL  Cast-steel,  in  modem  industry,  hits  assumed  a  most  enormous  importance, 
18  evidenced  by  such  gigantic  works  as  those  of  M.  Krupp,  at  Essen  (Prussia).  The 
jzistence  of  these  works  notwithstanding,  Slieffiold  takes  the  foremost  rank  in  the 
nannfieu^ture  of  cast-steel.  The  following  is  the  plan  pursued : — The  bars  of  blistered- 
fteel,  cut  to  a  convenient  size,  are  introduced  into  crucibles  made  of  Stourbridge  clay, 
vhich  are  heated  in  furnaces  similar  to  glass-melting  ovens,  fed  with  coke  or  coal  as 
uel;  the  molten  metal  is  cast  into  bar-shaped  moulds,  and  the  bars  are,  after  cooling, 
igain  heated  to  redness  and  hammered  or  I'ollod  out  in  a  mill.  As  to  the  uses  to 
rhich  cast- steel  is  applied,  suffice  it  to  say  that  heavy  ordnance,  as  well  as  large 
lells,  excellent  cutting- tools  and  files,  best  cutlery,  and  many  surgical  instruments, 
lumber  among  them.  Cast-steel  is  homogeneous,  and  therefore  strong  and  durable. 
■^fcJidTSLSlro^**  ni.  A  third  kind  of  steel  (varj-ing  according  to  the  mode  and 
laterials  of  production)  is  that  called  Glicenti-steol,  obtained  by  melting  together  a 
»eculiar  white  pig-iron  (spiegel-iron),  and  bar  or  malleable-iron.  The  toughness, 
anlnciis,  and  malleability  of  this  metal  depend  upon  the  quantity  of  bar-iron  which 
as  been  added  to  the  mixture. 

svrfccc  ste«i-Haideiiiiig.  It  frequently  happens  that  for  certtiin  purposes  soft  iron  only 
equires  to  be  converted  into  steel  superficially,  an  operation  termed  surface-harden- 
ig  or  surface-steel  hardening,  which  is  done  by  placing  the  metal,  previously 
olished  with  emery,  in  a  suitable  vessel  covered  in  cementation-powder  (see 
bove) ;  the  vessel  and  contents  being  next  heated  to  redness,  malleable  iron  tools, 
panners,  for  instance,  keys,  and  small  objects,  may  be  readily  surface-hardened 
y  being,  while  red-hot,  dusted  ov(5r  with  powdered  fen-ocyanide  of  potassium, 
ellow  pnissiate,  or  with  pulverised  borax  and  pipe-clay. 

propcrtiM  of  8t«ti.  The  colour  of  steel  is  bright  greyish- white,  its  texture  is  uniformly 
ranular,  the  better  the  quality  the  smaller  the  grain.  Sound  soft  (that  is  not 
ardened)  steel,  never  exhibits  the  coarse  texture  characteristic  of  crude  cast-iron,  nor 
le  fibrous  texture  of  bar-iron.  Hardened-steel  exhibits  a  fracture  very  similar  to 
lat  of  the  finest  silver,  so  close  that  the  granular  texture  can  hardly  be  detected  with 
le  naked  eye.  When  red-hot,  steel  is  nearly  as  readily  malleable  as  bar-iron,  and 
ay  be  welded,  but  very  careful  management  is  required  to  i)revent  its  becoming 
jcarbonised.  By  immersing  a  piece  of  steel  in  dilute  hydrochloric  or  nitric  acid,  the 
xturo  of  the  metal  becomes  apparent,  and  this  test  may  be  applied  to  determine  the 
lalitj      The  specific  gravity  of  steel  varies  from  7*62  to  7*81,  and  decreases  in 
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hardening  (for  instance,  from  7*92  to  7*55) ;  the  quantity  of  carbon  contained : 
varies  from  o*6  to  I'g  per  cent;  the  toughness,  tenacity,  and  hardness  0 
increase  with  the  quantity  of  carbon  it  contains,  but  good  steel  neVor  C( 
graphite  ;  the  high  degree  of  elasticity  exhibited  by  good  steel  decreases  w 
hardness.  When  red-hot  steel  is  suddenly  quenched  with  cold  water,  the 
becomes  far  harder,  but  also  brittle,  and  will  even  scratch  glass  and  withsti 
file ;  when  brifrhtl y  polished,  if  steel  is  gradually  heated,  it  assumes  peculiar 
of  colour  (annealing  or  tempering  colour).  This  colouration  is  due  to  the  foi 
on  the  surfa(;e  of  the  steel  of  thin  layers  of  oxide,  which  exhibit  colours  lik 
very  thin  surfaces — soap  bubbles,  for  instance,  or  a  drop  of  oily  or  tarry 
extended  over  water.  The  operation  which  causes  the  formation  upon  steel  < 
colours  is  called  tempering. 

Tcmpeiing.  In  judging  the  proper  temperature  and  the  corresponding  hardne; 
tints  serve  admirably.  Since  it  is  often  rather  difficult  to  heat  a  piece  1 
uiiiforml}',  molten  metallic  mixtures  are  emplojXKl,  being  chiefly  made  up  of 
lead ;  the  bright  hardened  steel  is  kept  in  these  molten  mixtures  until  it  has  a 
the  temperature  of  the  bath.  The  following  tabulated  form  exhibits  the  com] 
of  the  metallic  baths,  which  experience  has  proved  to  be  the  best  for  the  temp 
cutlery : — 

Composition  of      Melting  Temperature, 

metallic  mixture.       point. 
Pb.  Sn. 

Lancets 7  4  220°        Hardly  pale  yt-llow. 

Razors  8  4  228°  Pale-yellow  to  straw- 
Pen-knives       8i           4  232°         Straw-yellow. 

Pairs  of  scissors       ....     14  4  254°        Brown. 

"""ZS^nr'.^^^^  4  .650        Pu^^lish-coloured. 

^''sSgB''!!^'''''''  ^.''^^"  i  48  4  288-        Bright-blue. 

^^tuT^^i^''^.  .'^'''^!!'  """'.^  i  5^  ^  ^92°        Deep  blue. 

Ordinary  saws  . .     . .  j  ijnseed-oil  j         ^^^^        Blackish  blue. 

Such  tools  as  are  required  to  work  iron  and  other  metals  and  hard  st< 
heated  to  bright-yellow;  razors,  surgical-instruments,  coining  dies,  cnjjrr.avti 
and  wire-drawing  plates  follow  next  to  straw-yellow  ;  carpenters' -tools  to  ]> 
red  ;  while  such  tools  and  objects  as  are  r^iuircd  to  be  elastic  are  heated  to  tl 
or  deep-blue  tint ;  the  less  steel  is  heated  the  harder  it  remains,  but  also  t 
brittle.  Other  substances  than  carbon  (for  instance,  silicon  and  boron )  may  bo 
of  imparting  to  iron  properties  similar  to  those  we  are  acquainted  with  in  sto*- 

otbCTMeuu.  other  metals  mixed  with  steel  in  greater  or  lesser  (juautity  inij. 
quality  in  some  respects ;  for  instance,  for  the  last  few  years  steel  has  boi'n 
Stj-ria,  which,  owing  to  its  containing  tungsten,  is  exceedingly  tough  and 

^^SIS*8icVi'  '^^^  steel,  specially  celebrated  for  making  swords,  was  lir 
at  Damascus.  Its  name,  Damascene,  is  applied  to  the  property  it  poss 
exhibiting  a  peculiar  appearance  when  acted  upon  by  an  acid ;  but  this  app«' 
due  rather  to  some  imperfection  of  the  welding  of  the  metal,  since,  after  melt 
same  peculiar  shades  of  colour  do  not  appear.  We  have  already  alluded  to  tl 
researches  concerning  the  true  composition  of  this  metal.     One  of  the  larges 
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dons  of  tools,  swords,  gun-barrels,  and  bars  of  this  kind  of  stool  to  bo  found  in  Europe 
is  in  the  India  Museum,  Wbiteboll.  In  order  to  elucidate  the  composition  of  some 
tinds  of  steel,  the  following  analyses  are  appended : — ^The  samples  are — i.  Eeftned 
jteel,  from  Siegcn  (Prussia) ;  2.  Cast-steel,  from  Schmalkalden  (Prussia) ; 
\,  Puddled-steel ;  4.  Steel  from  Kussian  cast-ordnance ;  5.  Cementation-steel, 
tUberfold  (Prussia) ;  6.  English  cementation-steel ;  7.  Krupp's  steel  (Essen). 
I.  2.  3.  4.  5-  6.  7. 


Iron       

97-91 

98-154 

98-602 

9875 

99-01     99-12 

99-351 

Curbon     {g^}.. 

1-69 
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O'OIO 

1-380 

trace 

I  02 
0-15 

0:^1    -«7 

0-532 

Silicium 

0-03 

0'202 

0-006 

0*04 

—       o-io 

0-032 

Sulphur 

trace 

0-003 

— 

— 

—        — 

o-ooi 

Phosphorus . . 

— 

— 

trace 

— 

—       -_ 

o-ooi 

Manganese  • . 

— 

— 

0-012 

— 

—       — 

— 

Copper 

0-37 

— 

— 

— 

—          — 

— 

loo-oo  loo'ooo  100-000  100-00    99-50  101-09   99*917 

suoacnphr  or  stevi  The  engTuving  of  steel  requires  plates  made  of  cast-steel,  which,  in 
E»?raTlnff.  order  to  be  sufficiently  soft  for  the  engraver's  tools,  are  first  superficially 
decarbonised,  and'  after  the  engra\'ing  is  made,  again  hardened.  The  engraved  plate  is 
not  employee!  direct  for  printing,  but  is  tised  as  a  matrix  for  the  preparation  of  plates  to 
be  printed  from ;  tliis  process  is  carried  out  in  the  following  manner  : — A  solid  cast-steel 
cylinder,  turned  in  a  lathe,  w  superficially  softened,  and  the  engraved  plate  is  placed 
under  this  cylinder,  so  that  with  great  pressure  and  a  slow  revolution  of  the  cylinder,  the 
plate  moving  also  very  slowly,  a  relief  of  the  engTa\'ing  is  produced  on  the  cylinder,  and 
tliis  being  again  hardened,  is  employed  to  reproduce  the  engniA-ing  on  other  metallic 
plates,  which  may  bo  eitlier  copper  or  soft  steel.  Instead  of  engraving  the  design  on 
soft  steel  plates,  etcliing  w  often  resorted  to,  for  which  purpose  corroding  fluids,  such  as 
ttitric  acid  (aquafortis),  nitrate  of  silver,  sidphate  of  copper  in  solution,  or,  lastly,  a  solu- 
tion of  2  i)arts  of  iodine,  5  of  iodide  of  potassium,  and  40  of  water,  are  used. 

suuBti.^  of  sieci  The  annual  production  of  steel  in  Europe  may  be  roughly  estimated  for 
I'rwiuction.        jg-Q  at  6,285,000  c\^t.s.  at  50  kilos,  to  the  cwt. 

The  imperial  English  cwt.  is  equal  to  508  023  kilos. ;  of  this  total  the  undermentioned 
countries  i>roduce : — 

United  Kingdom  of  Great  Britain  and  Ireland  2,300,000 

IVance 1,350,000 

Belgitim 125,000 

North  German  Confederation 1,120,000 

Austria 900,000 

Sweden 250,000 

Riwjjia % 150,000 

Italy       75,000 

Spain      15,000 

Total      6,285,000 

Iron  PREPARAnoNS. 
oSSJTJSioi.  The  substance  called  copperas  and  green  vitriol,  sulphate  of  protoxide 
"iron  (Fc'SO^-j-yllaO),  is  met  with  in  the  ti-ado  in  the  form  of  greenish-coloured 
TstaLs  jK)Hsessed  of  an  inky  astrin;;:o  it  taste ;  on  exposure  to  drj'  air  the  crystals 
Fl'^resce,  and  arc  gradually  converted  into  a  yellowish  powder — basic  sulj^hate  of 
roxido  of  iron.     100  parts  of  the  chemically  pure  crj-stallised  salt  consist  of: — 

26' 10  parts  of    protoxide  of  iron. 

29*90       ,,  suli)huric  acid. 

44*oo       „  water. 
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prttpantion  of  Green  Since  the  mineralB  ordinarily  usod  in  the  manufaotare  of  alum— 
In  Alum  S'otk*.  the  alum  schists — generally  contain  iron  pyrites  (FeSa),  either  ai 
such  or  already  partly  oonyerted  into  a  basic  sulphate  of  the  peroxide  (which,  on 
being  treated  along  with  the  alum  shale,  becomes  by  weathering  and  roasting 
converted  into  protosulphate  and  peroxide  of  iron),  green  vitriol  is  ^^uently  a  by- 
product of  alum  manufacture,  and  is  obtained  by  evaporating  the  mother-liquor 
containmg  iron,  and  leaving  it  to  crystallise.  In  some  localities,  as,  for  instance, 
at  Goslar  (Prussia),  on  the  Hartz  mountains,  the  liquor  obtained  by  the  lixivuition 
of  the  iron-containing  minerals  alluded  to  is  first  evaporated  for  the  separation  of 
the  green  vitriol,  then  a  potassa  or  ammonia  salt  added  to  the  remaining  acid  liquid 
to  obtain  alum. 

^^1riuili"n"B2ir*    The  material  sometimes  rather  largely  found  in  coal  pits,  and 

called  brass  (iron  pyrites),  is  collected  and  placed  in  layers  over  a  somewhat 

excavated  surface,  which  has  been  rendered  impervious  to  water  by  puddling  ^th 

clay,  and  made  to  incline  slightly  in  one  ilirection  where  water-tanks  stand, 

into  which  scraps  of  old  iron  are  placed  with  the  view  of  saturating  any  free  acid; 

the  pyrites,  placed  on  these  beds  to  a  thickness  varying  from  i^  to  3}  or  4  feet,  is 

slowly  oxidised  by  atmospheric  agency,  and  the  falling  rain  carries  into  the  tanlu a 

more  or  less  strong  solution  of  copperas,  which,  when  sufficiently  concentrated, 

is  slowly  evaporated,  some  scrap  iron  being  placed  in  the  evaporating-pans.    In 

Own  vitriol  from    countrics  whero  ii-on  pyrites  abounds,  and  fuel  and  labour  aie 

pyrt^M  Diitiiiation.  sufficiently  cheap  to  make  the  distillation  of  sulphur  from  pyrites  a 

profitable  business,  the  residues  are  utilised  in  green  vitriol  making,  a  salt  whicb 

thus  made  must,  of  necessity,  contain  a  good  deal  of  impurity.    The  brown  sulphuric 

Given  Yitrini  from   acid  or  chambcr  acid,  also  such  waste  sulphuric  acid  liquids  as  are 

and  siSphuric'Acid.  obtained  in  the  oil  and  petroleum  refining,  are  sometimes  used  11 

solvents  for  scrap-iron  for  the  preparation  of  green  vitriol,  which  may  also  be  madft 

by  boiling  the  finely  pulverised  puddling  and  iron  refining  slags  with  sulphuric  acid. 

From  Bpathio  ^^  localities  where  tspathio  iron  (carbonate  of  protoxide  of  iron,  FeCOj) 
Iron  Ore.  occurs  in  a  pure  state,  that  mineral  may  bo  usefully  applied-to  the  prepara- 
tion of  green  vitriol  by  treatment  with  sulphuric  acid,  and  evaporating  the  solution  thm 
obtained.  The  sulphate  of  iron  (protoxide),  prepared  on  the  large  scale,  is  often  met  with 
crj'Htallised  round  a  small  thin  stick  of  wood,  which  is  himg  up  in  the  solution  to  promote 
crystallisation ;  sometimes,  at  least  abroad,  a  so-called  black  vitriol  is  met  with,  which  Ls 
simply  green  copperas  superficially  coloured  black  by  means  of  some  astringent  deooction, 
such  as  nut  galls. 

vwsororren  Vitriol.  This  substanco  is  employed  as  a  disinfectant,  as  a  mordant  in  dyeing 
and  calico  printing  for  various  black  and  brown  shades,  for  the  preparation  of  ink,  the 
deoxidation  of  indigo — so-called  cold  vat — in  gas  purifying,  in  the  precipitation  ol  gold 
from  its  solutions,  in  the  preparation  of  Prussian  blue,  in  the  manufacture  of  faming 
(Nordliausen)  sulphuric  acid,  and  for  a  host  of  other  purposes. 

Iron  Minium.  During  the  last  10  or  15  years  a  large  number  of  substances  under  this 
name  have  been  introduced  as  paints,  esx)ecially  for  iron  sea-going  vessels  and  otiber 
ironwork.  The  late  Dr.  Bleekrode  analysed  two  samples  of  this  paint,  one  ol  which, 
made  and  sold  by  M.  Cartier  in  Belgium,  was  found  to  consist  in  too  parts  of : — 

Moisture 275 

Red  i)eroxide  of  iron  68*27 

Clay 2760 

Lime 0*40 

A  sample  of  Holland's  iron  minium  was  found  to  contain  in  100  parts  :— 

Water       6*oo 

Peroxide  of  iron      , .     85-57 
Clay  (burnt)    ..     ..      8*43 


iMoy, 


as 


J.  Muldor  tt  w.jrk  cm  the  **  Cbendstry  of  Drying-  Oils  *'•— Becond  or  appiie^rl 
laon  b*  calM  to  the  fjiot,  and  sapported  hj  t&suXU  of  {uwlyseiB  of  different  jrc  ti 

'  lod  by  tbo  Jiuthor,  th»t  some  of  these  paints  <x»iitam  free  aiilphtiric  acid, 

I  ttlwnjB  pre^'ut  in  coloothar ;  this  acid  maj  exerdae  an  injtmoos  effect  on  iron 
1  with  such  mnterials. 

ilmrdlj  neceeaaiy  tty  point  out  that  the  use  of  iron  mlniiun  oa  paint  ia  leas  expcn* 
Ian  the  use  of  re^i-Iead,  in  the  proportion  of  20  to  30  for  coating  the  same  oxtent 

BJJ^J***  The  yellow -coloured  salt,  g«)nerally  known  as  yeUow  pruasiate  of 
(ferrocyaiiid©  of  potussiiimj  K^FeCyg-J-jIIjOj^  ia,  in  a  t^iclmieal  point  of 
very  impoilaat  substiinco.  It  crystallises  in  largo  lomon-coloiired  pmuiatic 
I,  which  aro  not  aflectecl  by  exjiosure  to  air^  a^re  not  poisonous,  and  possess 
bitter  taste*  Tliis  salt  ia  soluble  in  4  jiarts  of  cold  and  3  of  boUiiig 
[is  insoluble  in  alcohol ;  in  100  parts  there  arc : — 
37 'oj  Potassium^ 

17*04  Carbon,      1    

i9-8g  Nitrogen,  |  <^y<^^e^» 
I3'25  In^n, 
1:179  Water. 
le  water  is  driven  off.     The  salt  is  pr<?pared  on  a  largo  scale  by  igniting 
^bon  as  con tajufl  nitrogen  to  a  red  boat  with  pcjtiissa-carbonate  in  closed 
i  c|uiintities  of  the  materials  may  be  varit^d,  the  it^lativo  pniportiona 
by  some  makers  as  io<:)  parts  uf  p<^tas*ia-cart>i:»nato  to  75  of  the  nitro- 
HiM^Kin,  or»  according  to  Rungo,  100  parts  of  carbonate  of  potaasa,  400  of 
d  horn,  and  10  part«  of  ii-on- filings*. 

fusion  of  thcs<^»  ingredients  is  eairivHi  on  Mthcr  in  clostMl  ii'c*n  vessels  of  a 
r  shape,  or  in  a  reverberatory  furnace.     The  iron-vessul,  a,  teiiued  a  muMlo 

Fig.  16.  Pio. 
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iiJ^ 


^^mtTrr 


1^  ♦-  •  yi  i  ■  *  j . . .  -  -iaped,  having  a  diameter  of  i  *:;  metres,  a  width  of  o'8  metro, 
fyini;  tnmx  12  to  15  cffntims,  in  thickness.  As  shown  in  the  woo<lcut»  the  iron 
1      "        '  m  the  furnace  in  such  a  manner  as  to  bo  exposed  to  the  action  of  the 

_  .  sex  on  all  sides,  being  support*:Hi  at  the  back  by  a  jirojt'ction  about  27 

K  lung,  i*nd  relating  at  fj  on  the  brickwork,  leaving  space  euffieieut  for  the  gases 

Ir^tl  in  tbo  interior  to  pass  off  by  c  into  the  chimney-flues  ;  m  is  an  iron  cover 

cloj**-Mi  during  the  operation  of  melting,  g  being  an  opening  in  the  fi*ont  wall 

,  tliritugh  which  the  ingredients  are  put  into  the  iron  vessel,  and  tht* 

aal  in  in  Dutch,  and  the  work  has  not  been  translated  into  any  other  language. 
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molten  mass  taken  out.  The  shallow  pan,  i,  on  the  top  of  the  furnace,  is  intended 
for  the  evaporation  of  tho  liquor  obtained  by  treating  the  molten  mass  with  water. 
The  use  of  tho  iron  vessel,  however,  is  attended  with  the  serious  drawback  that  tlie 
iron  is  eaten  into  holes  in  a  comparatively  short  space  of  time ;  and,  though  thii 
action  is  fri'oatest  on  the  lower  part  of  the  vessel,  and  it  may  therefore  be  tarned 
bottom  upwards,  and  tho  holes  stopped  with  fire-chiy,  the  vessel  has  soon  to  be 
re]>laced  by  another.  It  is  on  this  account,  and  also  owing  to  the  fact  that  a  larger 
quantity  of  raw  material  can  be  operated  upon  at  once,  that  instead  of  the  apparatiu 
described  abovii,  there  has  come  into  general  use  a  reverberatoiy  furnace,  Fig.  17, 
arranged  with  a  shallow  cast-iron  pan,  a,  from  i  to  1*8  metre  in  diameter,  -^nthaiim 
about  I  decim.  high;  h  is  the  fire-place  ;  g  the  bridge;  ca  flue  leading  to  the 
chimney,  e.  S'omotimes  the  hot  air  is  applied  to  the  heating  of  evaporatiag-pana, 
being  carried  under  th?m  before  entering  the  chimney.  The  result  of  the  igmtion 
is  the  formation  of  a  black  mass,  technically  called  the  metal,  yielding  the  liqaor 
from  wluch  the  crude  salt  crj'stallises.  Tho  salt  is  purified  by  re-crystallisation, 
while  the  bla^jk  residue  is  employed  as  a  manure. 

Tlie  theory  of  the  formation  of  the  fcrrocyanide  of  potassium  is  as  follows:— Tht 
carlK^nute  and  Hulphate  of  potassii,  tho  nitrogt'uonH  coal  and  tho  iron  reacting  upon  etch 
other,  give  rise  to  tlie  formation  first  of  sulphiiret  of  potassium,  which  in  ita  tma 
converts  the  iron  into  sul}>hnret,  while  the  nitrogen  contained  in  the  charcoal  uniteii 
under  the  influence  of  potsissium,  with  the  cyaiioj^en  of  the  carbon,  which  agrain  in  its  tan 
combiners  with  the  pofcissiiim,  giving  rise  to  tho  formation  of  cyanide  of  pottisaiiim.  Whea 
the  fused  mjiss  is  tn»atetl  with  water,  cyanide  of  potassium  and  sulphuret  of  iron  deooai-  ' 
pose  each  otlier,  the  n.'sult  Ini-ing  the  formation  of  ferrocyanide  and  sulphide  of  potasomit 
tho  last-iiamwl  salt  remaining  in  tho  mother-liquor.  M.  E.  Meyer  states  (1868)  that  itii 
more  advantiig(K)us  to  employ,  instead  of  the  stdphuret  of  iron,  the  carbonate  of  tbtt 
mctid,  for  the  purpose*  of  converting  cyanogen  into  ferrocyanogen,  because  the  fcrr^ 
cyanide  of  potassium  crvMtallises  far  more  completely  and  freely  from  solutions  not  con- 
taining any  sulphuret  of  iH>tassium.  Profess*  jr  Dr.  von  liiebig  has  since  pro^'ed  tbtt  the 
f use<l  mass  only  cont^iins  cyanide  of  i)otassium  and  motallie  iron,  and  not  any  femxryanide 
of  potassium,  which  is  oidy  fonued  by  treating  the  molten  mass  with  water,  or  mow 
slowly  hy  its  exposure  to  moist  air.  Among  tlie  materials  fre<piently  addi*d  to  tlie  fiuing 
mass  are  — s«:nii>s  of  metal,  the  refuse  of  leather,  tlried  blood  and  other  dry  animal  ofEd, 
because  the  ammonia  ev(>lve<l  by  their  deromposition  in  the  pi-esence  of  au'alkaU  aids  the 
formation  of  cyanide  of  potassium.  A<'conling  to  31.  P.  HavTez,  tho  crude  suiut  obtained 
from  wool  is  an  exc*elleut  material  for  the  prqiaration  of  ferrocyanide  of  ix>tassium,  ance 
100  kilos,  of  thi'  suint  contain  about  40  kUos.  of  carlxmate  of  potassa,  fnim  i  to  2  Idloa 
of  cyanide  of  potassium,  and  about  50  kilos,  of  combustible  hydrocarbons,  the  heating 
value  of  which  is  at  least  espial  to  that  of  40  kilos,  of  coal. 

It  hits  been  ixii'A  to  obt;iin  the  cyanide  of  potassium  on  a  large  scale,  by  causinff  a 
current  of  anunoniacid  gas  to  pass  through  and  over  carbonate  of  i>otassji  lioated  to 
redness  ;  and  also  to  obtain  cyanide  of  iK>ta«sium  from,  or  by  lud  of,  the  nitrogen  of  the 
atmosj>here.  Tliis  pnji'oss  was  tried  nearly  40  years  ago  at  Mr.  Bnim  well's  works  aeir 
Newcju<«tle-on-TyiK',  but  was  found  to  l>e  a  failure  commercially.  Tlie  reader  interested  in 
a  detailed  account  of  this  i)rocess  may  And  it  in  the  excellently- written  eliapter  on  the 
maiiut'aeture  of  the  pnissiates,  in  Richardson  and  Watts's  **  Chemical  Technologj-."'  Aait 
has  Imh-'U  pn»ved  ]>y  exjxiriinent  that  barj'ta,  far  more  readily  tlian  ][)otassa,  c^mverts  cartiOB 
and  nitrogen  into  cyanojren,  forming  cyanide  of  bariiun  at  a  lower  temperature,  baryta 
mifrht  perhaps  Ik?  8ubstitu*e<i  for  pntassa,  but  as  yet  this  plan  is  not  carried  out  conunef^ 
cially.  AcMrordin^'-  to  Gelis  ^iS6i),  the  yellow  i)russiate  may  be  prepareil  by  tlie  mutoal 
reaction  of  Mtlpliide  of  rarl)on  and  sulphide  of  ammonium,  tho  resulting  siUphocarbonati 
Ix'iiiir  converted  into  sulplnniyanide  of  p<ttaxsium  by  means  of  sulphuret  of  ]Mtassiiim,  I7 
whi«h  reaction  sul]>huret  of  ammonium  and  sulphuretted  hydrogen  are  volatilised.  Ilia 
8uli>h<M.'yanide  of  potassium  is  next  converted  into  ferrooyanide  of  potassium  by  being 
heated  with  laetallii*  inni  Xa.)  redness,  sidphuret  of  iron  Iwing-  at  the  same  time  fotmra. 
It' is  oN-ident  that  thiM  pnH'ess  roidd  not  bo  carried  out  commercially.  Mr.  H.  Fledc 
desorilx'd,  in  i.S()3,  a  i>lan  for  pre]>arinjr  the  forrocyaiiide  by  the  action  of  a  mixture  d 
b'llpliatc  of  amiuonia,  sidpliur.  and  carbon,  upon  fu^injr  sulphide  of  pot^isniinn,  whidil 
tiius  becomes  sidplioeyanide  of  isitassium,  one-half  of  the  nitrogen  ot  the  sulphate  ol 


mnonia  remaining  in  ihe  fused  metal  as  cyanogen,  while  the  other  half  escapes  aa  snl- 
lide  of  ammonium,  which  is  agiun  converted  iuto  sulphate  of  ammonia.  The  sulpho- 
anide  of  potassium  prt)duced  is  treated  with  metallic  iron  at  a  red-heat,  and  thus 
inide  of  potassium  and  sulphide  of  iron  are  produced.  This  process  is  also  too  cumhrous 
id  expennire  on  a  large  scale. 

miicmtiniM  of  the  This  salt  is  employed  in  the  manufacture  of  the  red-cjanide  or  prussiate, 
feJiow  pruMiatc.  ^a  the  preparation  of  Berlin  blue,  and  of  cyanide  of  potassium  (the  impure 
H  as  met  with  in  commerce),  in  dyeing  and  calico-printing  for  the  production  of  blue  and 
rown-red  colours,  for  the  purpose  of  surface-hardening  small  iron  articles,  and  lastly  as 
1  ingredient  of  white  g^unpo  wder,  and  for  use  in  chemical  laboratories. 

\aA  praMbto.     The  so-callod    red  prussiate  of   potassa,   properly  ferricyanide    of 

otassium,  or  Gmelin's  salt,  K3FeCy,  is  prepared  on  a  large  scale  and  extensively 

jsed  in  dyeing  and  calico-printing.     This  salt  crystallises  in  prismatically-shaped 

uby-red-colonred,  anhydrous  crystals,  which  consist  in  loo  parts  of : — 

35*58  Potassium, 

2 1 '63  Carbon,      1  ^ 

25-54  Nitrogen.  }  Cyanogen. 

17*29  Iron. 
X  is  prepared  by  submitting  either  the  solution  of  the  yellow  prussiate  or  that 
•It  in  powder  Uy  the  action  of  chlorine  gas  until  a  sample,  when  heated,  yields 
H)  precipitate  with  a  solution  of  a  por-salt  of  iron.     When  t^e  dry  and  pulverised 
fellow  prussiate  is  acted  upon  by  chlorine  gas,  the  salt  is  frequently  i)laced  in  casks, 
dosed  so  as  only  to  leave  a  small  outlet,  while  the  vessel  can  be  made,  by  means 
if  machinery,  to  turn  slowly  on  its  axis,  so  as  to  bring  all  the  particles  of  the 
ttlt  into  contact  with  the  chlorine.     Sometimes,  again^  the  pulverised  yellow  prus 
Bate  is  placed  on  trays  in  a  chamber,  into  the  top  of  which  chlorine  j^  is  admitted ; 
uten  no  more  chlorine  is  absorbed  the  newly-formed  salt  is,  if  a  solution  of  the 
yellow  prussiate  has  been  operated  iii)on,  evaporate k1  to  dryness,  or  in  the  case  where 
tlje  dry  powder  of  the  salt  has  boon  taken,  the  newly-formed  salt  is  dissolved  in  the 
smallest  iK)ssible  quantity  of  water,  and  the  solution  left  to  ciTstallise,  the  mother- 
liquor  containing  chloride  of  potassium.     This  reaction  is  represented  by — 
K^FeCye  4-  CI  =  KCl  -f  KgFt^Cy. 
Yellow  prussiate.  Red  prussiate. 

The  powdered  red  prussiate  is  of  an  orange-yellow  colour.  According  to 
H.  E.  Eeichardt  (1869)  bromine  may  be  successfully  employed  instead  of  chlorine 
for  the  preparation  of  this  salt,  which  is  chiefly  used  for  dyeing  wolleii  fabrics  blue, 
•nd,  with  solutions  of  CAUstic  soda  or  potassa,  for  the  Mercerising  proc(\ss  of  cotton. 

cinsMe  <rf  PoUMittBD.  This  salt  is  obtained  in  an  impure  state — Liebig's  or  cnido  oyauidc  of 
potassium — by  the  fusion  of  the  yellow  prussiate  of  potassa  in  a  porcelain  (inicible,  con- 
tinned  as  long  as  nitrogen  escapes.  Carburet  of  iron  sinks  to  the  b<)tt<iiu  of  tlie  crucible, 
vHile  the  cnide  cyanide  is  pourtni  off  in  a  state  of  fusion :  10  parts  of  tlie  yellow  prussiate 
of  potassium  yield  7  parts  of  crude  cyanide,  (K^FeCy^  =:  4KCy  -|-  FeC  -f-  2N) .  According 
(oL^big's  plan,  the  cyanide  of  potassium  is  prepared  by  fusing  i  molorule  of  ferrocyanide 
if  potassium  with  i  molecule  of  carbonate  of  potassa ;  by  this  mothod  10  parts  of  the 
leiTocyanide,  yiehling  8*8  cyanide  of  potassium,  mixed  with  2*2  parts  (jyanite  of  potassa. 
'or  ail  technical  and  industrial  purposes  it  is  far  cheaper  to  use  cyansalt,  a  mixture  of 
be  cyanides  of  potassium  and  sodium,  prepared  by  fusing  together  8  parts  of  previously 
lied  (anhydrous)  ferrocyanide  of  pot^issiuni  and  2  parts  of  caibonate  of  soda.  As 
iki  mixture  fuses  readily,  the  carburet  of  iron  easily  s«.*parates :  moreover,  the  salt  thus 
titained  is  less  liable  to  decomposition  on  exposure  to  air,  and  its  preparation  re<}uires 
88  heat.  The  industrial  applications  of  the  crude  cvanide  of  potassium,  or  of  the  cyan- 
It,  are  the  following : — In  the  process  of  electro-gilding,  for  the  preparation  of  Grtuat 
ktiUf  iaopuiparate  of  potassa,  from  picric  acid,  and  in  the  reduction  of   metals.    It 
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ha$  been  mentioTiedT  whilf>  treitttnpr  of  the  blasUfumaoo  prooess,  tlmt  ojmuda  of] 
is  furm«i  during  the  rtKluotinu  of  iron, 

ikfUa-itiMs.      This  substifcuct}*  ho  immod  when  it  waa  accidentally  disoovGrod  at 
in  17 lo,  by  Diesbafli,  is  cbomically  a  ferrocyanide  of  iron,  niore  correctly  ffi 
fi.*TTic  cyanide.    A  distmct  vanoty  of  this  subs^tiince  is  known  as  Pane-blue, 
different  kinds  of  Boiiin-blue  are  known,  vis!.,  neutral,  biisic.  and  u  mixture  of«tli« 
two,  diffi^ring  in  comjiusition  and  projiared  by  differont  proce^stja. 

{a).  Noiitral  Berlin-blue t1j1*o  known  u.h  Paris-bluo,  is  obtained  hj  pourinpr  ft  •fslntirm "!!! 
yellow  pruHwiftt^  into  a  solution  of  ehloride  of  iron,  or  into  a  solution  of  a  ]• 
lr^^n  ;  tlie  rt.nult  is  the  fonnutiou  of  a  largx'  quantity  of  a  magiiLfit^ently  bbj 
cipitite,  very  difficult  to  wa.'^h  out  and  alwjiyf*  retaining  a  oertaiu  quantity  ui  int-  uuuw 
pniHtiiatt  t  wThich  cannot  be  removed  by  wasliiu^^. 

(/>).  Basic  BerHn-bluo  ij*  obtiiined  by  pneipitatinjt^  a  solution  of  yellow  pmsaiatf  w5U]  i 
fiolution  of  a  t^lt  of  prot^iiidi*  of  irtju  (nrrwm  cc^pperanl,  the  result  being  at  first  tl 
tion  of  a  white  precipitate  of  pnitwyauide  of  in>n,  wnich,  either  by  exposure  U* 
the  af.'tiou  of  oxiiiiain^  sul  s^tanec^,  txH^onies  blue  ;  because  a  f>ortion  of  the  iron  i 
and  another  porti(»n  takert  up  tLe  cyanogen  thui*  libernt*'d,  converting'  «ome  uf  ' 
eyiinifle  into  jM^iTiyanide,  wbirb  in  it^  turn  eombine:^  yriili  the  imattaeked  pr««.*t-i>« 
fcinri  B<^rlin-Tiliie»  with  whicht  howeviTt  sorae  perfjiide  of  iron  remains  mixed.  J  t 
tlmt  lianir'  Berlin -blue  is  dit^tinguinhtMl  from  ntmtnil  Berlin-blue  by  being  M^luble  i  r 

but  thi^i  p^otvibility  is  due  tfj  the  presr-ure  of  some  of  the  yellow  prtiaaiate,  and  i*  j 
property  inherent  in  th^  basic  Berlin -blue  in  a  pure  state- 

{t').  As  the  inutenals  employed  on  a  largf^  wale  are  nei^ther  pure  prot^      * 
peroxide  Balt«  of  iron,  but  a  ptroxide  containing  protowdt  of  iron,  the  pret  i, 
conftij^ts  at  fir!*t  of  a  mixtiin'  of  neutrfil  Bcrhxt-lilne  with  more  or  less  of  tli     ..  -      , 
cyanide  of  iron,  which  afterward.^  be<rome8  liasic  BerUn-blne ;  accordingly  the  Berlia-Uidl 
of   commence  is  a  variable  mixture   of   neutral  nud  biwie   Berlin-bluea.     Tlio  iron  1 
employtxl  Lh  green  eoppera**  (r4ulphnte  of  protoxide  of  iron),  which  of  course  abonU 
eont^riin   any  i*j>preeial>le  amount   uf   eopper,  the  wilts  ot  this  metah  ftfl  is  well  * 
vi'  Iding  with  yellow  pm^r^iate  of  i«ttai>i-a  a  chocohite-brown  eoloured  precipitate. 
'  oidMrih-id^f mpwJn?     11i«^  hulplniie  of  iron  and  alum  are  diiHwlved  tckgcther  in  i 

t'ruMiMi  Hiuit.        rain  or  river-water;  the  fluid,  while  yet  hot,  ia  decanted  frontl 
§ediinent  and  forthwrith  poured  into  a  Lot  uqueouei  solution  of  yellow  prussiate,  corel 
taken  to  Htlr  the\nixture,  and  to  add  the  eopjanniH  and  nhiiii-»olutiou  a«  long  a«  wa.y\ 
pitate  is  formed.    The  liquor  U  run  off,  and  the  prtcipitate  wahIkhI  \inth  fre*h  water, 
all  the  sulphate  of  potassa  is  removefl :  after  which  the  prfHiipitiite  i»  drained  on  1 
made  of  eoarse  canvas.     This  having  been  accomplished  the  ttubstanoe  is 
wattrr  in  a  boiler,  and*  while  beinM*  heated  to  the  Ijoiling-puint,  nitric  acid  is  < 
a  few  minutes*  boiling,  the  content?*  of  the  boiler  nre  poured  into  a  larg^  wooden  ' 
cask,  and  tstrong  wulphuria  acid  U  addt^d.     Tlie  wolution  is  now  allowed  to  stand  for  J 
tiro*',  during  wliich  the  blue  colour  fidly  develojje?*.     The  Bi>rlin-bhie  is  thpn  thoron 
WHftlitd  with  wiiter,  drainetl  on  coarhe  canvnj^  tilters,  next  dritd,  pi  ( 
eakem;  tin  ally  it  is  dried  in  rooms  heuted  to  SO"*.     A^  Berlin-blue,  wh- 
reduced  to  fniwder  with  gieat  difficulty,  and  cannot  be  brought  to  the    :....     ;  ..„.  ,„ 
as  when  fir»t  lirecipitatwl,  it  its  also  Bent  into  the  market  in  the  i^tate  of  pa^te. 
nlninina  deriveil  from  the  alum  is  bo  intimately  mix<  d  with  the  blue  tliat  the  biUk  ( 
tuaAH  IN  there?  by  increased  without  any  very  ^jrceptible  deens'iMs  in  the  intensity  of] 
colour.     If  the  quantity  of  alumina  is  veiy  much  increased,  tlie  colour,  of  rourse^  * 
much  lighter,  and  tliia  variety  of  Berlin-blue  in  then  known  as  mineral -blue  ;  a  n&iiMI| 
irivcn  to  a  preparation  of  coppf^r  ol>tain4Hl  either  from  the  native  hydrated  carb 
copper,  or  artificially  prepared  by  precipitating  nitrate  or  chloride  of  copper  by  j 
lime  and  chnlk. 

ii*fft>%  MrtiitKi»f*f      Among  the  improvementfl  made  nrore  recently,  we  may  brl^y  1 
rr*|uir.n^  ut-riin  aiue.  the  fr^lowing:— T  Tlie  mixing  of  the  solutions  of  eopperaa  onrl^ 
with  that  c»f  yellow  pruNfiiate  H  effected  as  above  dei^  ribed,  but  great  care  is  1 
prevent  any  oxit^ation  of  the  white  preeipitiite,  which  is  converted  into  an  intense  blj| 
being  trciiti'd  with   nitr<j-hydrochloric  acid,  the  chlorine  evolved  serving  as  an  oxi 
agent.     Th<'  remaining  openitiou***  viz.,  washing,  drying,  &c*,  tire  pertormed  as  : 
former  metlnKlH.     2,  Penbloride  of  iron  Holution  is  enj^jloyed  for  the  purpose  of  oonip 
the  white  preeipitnte  into  blue,  wbUe  the  prftbx^hlonde  of  iron  thu*  formed  ' 
flubx^qiient  opefation  ins^ad  of  protosidphato  inf  iron.     3.  In  some  crises  perehlo 
mani^imcM'    (MnjC\),  ia  applied  ;    likewise   a   gc^lution   of   chromic   acid,   a   mixt 
bichromate  of  potassa  and  sulphuric  acid ;  but  it  is  self-evident  that  the  applicntid 
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T  of  these  improyements  ia  dependent  as  regards  success  in  a  commercial  point  of  view, 
on  local  conditions,  and  upon  the  possibility  of  advantageously  obtaining  the  various 
§^redients. 

Tarubvuvnae.  By  mixing  together  a  solution  of  red  prussiate  and  of  protosulphate  of 
m  in  such  proportions  as  to  prevent  the  entire  saturation  of  the  former  salt,  there  is 
tained  a  blue-coloured  precipitate  known  in  commerce  as  Tumbull's-blue,  consisting  of 
),Cy3,3FeCy,  but  also  containing  some  chemically-combined  yellow  prussiate.  MM. 
ictUa-Biae  u  a  By-  Mallett  and  Gautier-Bouchard  have  proved  experimentally  that  Berlin- 

Priidttct  or  the        blue  may  be  obtained  as  a  by-product  of  coal-g^  manufacture  from  the 
ohA-oS  aiM?       ammoniacal  liquor  from  the  spent  lime  of  the  purifiers,  and  from  Laming*  s 

AaiBaiCbucuai.     purifying  mixture.     The  spout  lime  contains,  in  addition  to  the  cyanides 

Galdum  and  ammonium,  a  good  deal  of  free  ammonia,  mechanically  absorbed  in  the 
oifit  lime.  Pree  ammonia  is  first  removed  by  forcing  steam  through  the  lime,  and  col- 
ctingthe  ammoniacal  gas  in  dilute  sulphuric  acid,  "fiie  lime  is  next  washed  with  water, 
•A  the  liquor  obtained,  containing  the  cyanogen  compounds,  is  employed  for  the  mauu- 
ictiire  of  Berlin-blue.  According  to  M.  Krafit's  experiments,  looo  kilos,  of  spent  gas- 
me  yield,  when  treated  as  described,  from  12  to  15  kilos,  of  Berlin-blue,  and  from  15  to 
okuoA.  of  sulphate  of  ammonia.  Mr.  Phipson  states  that  i  ton  of  Newcastle  gas-coal 
ield*  a  quantity  of  cyanogen  which  correspondrt  to  from  5  to  8  lbs.  of  Berlin-blue.  The 
umofacture  of  animal-charcoal  also  yields,  if  desired,  Berlm-blue  as  a  by-product. 
Maue  BerUn.Bine.  As  ordinary  Berlin-blue  is  quite  insoluble  in  water,  and  the  basic 
rwiety  only  soluble  in  the  presence  of  f errocyanide  of  potassium,  these  pigments  are  only 
It  for  use  as  paints,  and  the  discovery  of  the  solubility  of  pure  Berlin-blue  in  oxalic  acid 
1  of  some  importance,  for  thereby  its  application  as  a  water-colour  becomes  possible, 
rhis  soluble  blue  is  obtained  by  digesting  the  Berlin-blue  of  commerce  f or  i  to  2  days, 
with  either  strong  hydrochloric  acid  or  with  strong  sulphuric  acid,  which  latter,  after 
baring  been  mixed  with  the  Berlin-blue  previously  pulverised,  is  diluted  with  its  own  bulk 
rfwiter.  The  acid  is  next  decanted  from  tlie  sediment  of  blue,  and  the  latter  thoroughly 
wuhed  and  dried,  and  then  dissolved  in  oxalic  acid,  the  best  proportions  being  8  parts  of 
Berlin-blue,  treated  as  just  mentioned,  i  part  of  oxalic  acid,  and  256  of  water.  According 
toother  directions,  Berlin-blue  readily  soluble  in  water  can  be  obtained;  —  i.  By  the 
piecipitation  of  protoiodide  of  iron  "with  yellow  prussiate  of  potassa,  care  being  taken  to 
wep  the  latter  in  excess.  2.  By  mixing  a  solutioii  of  perchloride  of  iitm  in  alcoholic 
Jthw  {tinctura  ferriehlorati  tethereay  Ph.  Russ.)  with  an  aqueous  solution  of  yellow 
pniMiate. 

Pure  Berlin-blue  is  of  a  very  deep  blue  colour,  with  a  cupreous  gloss ;  it  is  insoluble  in 
nter  and  alcohol,  is  decomposed  by  alkalies,  concentrated  acids,  and  by  heat.  Tlie 
ighter  and  more  spongy  it  is,  the  Ix^tter  is  its  quality ;  it  is  employed  as  a  pigment  and  in 
iyeini^  and  calico-printing,  but  in  the  two  latter  instances,  pigment-printing  excepted,  it 
» obtained  on  the  tissues  by  a  circuitous  prooess.  Tlie  Berlin-blue  of  commerce  is  fre- 
puTitly  adulterated  with  alumina,  pipe-clay,  kaolin,  magnesia,  hea\'j'-8par,  and,  according 
50  Pohi,  even  with  starch-pante  coloured  blue  by  means  of  tbicture  of  itxline. 

Cobalt. 
(Co  =  59;  Sp.gr.  =  87). 
Mrtaiiie  Oobait.      This  metal  is  found  native  as  cobalt-spoiss  (CoAsj),  containing  from 
J  to  24  per  cent,  of  cobalt,  and  from  o  to  35  per  cent,  of  nickel;  also  iis  cobalt-glance, 
bright  white  cobalt  (CoAsS),  containing  inmx  30  to  34  per  cent,  of  cobalt.  Cobalt  is 
^Kfparod  on  a  large  scale  as  a  metal  at  Iscrlohn,  and  at  Ffannenstiel,  near  Aiie,  in 
Germany.    Metallic  cobalt  exhibits  a  stoel-gre\'  colour,  somewhat  verging  upon  red, 
.  strong  motallic  lustre,  assumes  a  brilliant  polish,  is  malleable  and  ductile,  and  far 
f>ugher  than  iron.     It  requires  a  veiy  high  temperature  for  fusicm,  is  only  slowly 
cted  upon  by  dilute  acids,  but  readily  dissolved  by  nitric  acid  and  aqua  regia. 
MBit  ooioiiTC.    The  ores  intended  for  the  manufacture  of  the  cobalt  colo.urs  are  roasted 
T  the  double  purpose  of  volatilising  the  sulphur  and  arsenic  they  contain,  and  for 
fectiug  the  oxidation  of  the  cobalt.     After  roasting,  the  ores  are  known  as  Zaffer  or 
iphera.     According  to  the  degr(»o  of  purity,  the  trade  distinguishes  the  ores  as 
wjmmon,"  "medium,**  and  "very  fine;"  they  contain  essentially  a  mixture  of 
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proto-poroxide  of  cobalt,  arsenic,  nickel,  and  traces  of  the  oxides  of  manganesBaod 
bismuth,  and  are  used  in  the  preparation  of  cobalt-colours.  In  Sweden  ''zaffan*' 
are  prepared  by  precipitating  a  solution  of  sulphate  of  protoxide  of  cobalt  with  a 
solution  of  carbonate  of  potossa.  Zaffer  is  used  for  the  manufacture  of  smalt, 
cobalt,  ultramarine, — ^a  misnomer,  for  evidently  ultramarine  is  contracted  from 
ultra-mare,  because  the  lapis  lazuli  was  brought  across  the  seas  from  India — C«ro- 
leum,  llinnman*s-grecn  (cobalt-green  or  Saxony-green),  and  also  cobalt-yellow, 
cobalt-violet,  and  cobalt-bronze. 

Smalt.  Com]x>uiids  of  cobalt  hare  the  property  of  imparting  a  blue  colour  to  g^M»j 
BubstancoB  at  a  red  heat ;  when,  therefore,  impure  protoxide  of  cobalt  is  fused  with  nlkt 
and  carbonate  of  potussa,  the  result  is  the  formation  of  an  intensely  blue-ooloured  ^au, 
whi(^h  when  pulverised  is  known  as  tdttait.  This  substance  was  discovered  and  finfc  pre- 
pared by  the  Bohemian  glass-blower,  G.  Schiirer,  who  lived  in  the  sixteenth  centmr. 
Smalt  is  now  prepared  by  melting  the  roasted  cobalt  ores  with  quartzose  sand  and  potem, 
in  crucibles  placed  in  a  glass-furnace.  The  red-hot  glass  produced  is  quenched  in  oold 
water  t<>  render  it  brittle.  It  is  next  pulverised  and  scoured  with  water,  by  which  open- 
tioii  smalts  are  obtained  of  different  degrees  of  fineness,  not  simply  as  regards  minnte  state 
of  division,  but  also  depth  of  colour,  all  of  which  varieties  abroad — where  to  a  limited 
extent  the  smalt  is  still  used  though  it  is  almost  entirely  superseded  by  artificially-made 
ultramarine — bear  distinctive  names.  It  has  been  proved  experimentally  that  the  ooloimng^ 
matter  of  smalt  is  potassio-silicate  of  protoxide  of  cobalt,  in  which  the  proportion  of  tbe 
oxygen  of  the  acid  to  that  of  the  base  is  as  6 : 1.  According  to  M.  Ludwig,  ico  parte  d 
the  undermentioned  cobalt  colours  contain : — 

Norwegian  Smalt.  German  Smalt. 

< *■ 

Termed         Ckxarse  and 
High  colour.  high  JUschel.    pole  eoloured. 

Silica         7086  66-20  72-11 

Protoxide  of  cobalt        ..  6-49  675  1*95 

Potossa  and  soda    ..     ..         21-41  16-31  i-So 

Alumina 0-43  8*64  20*04 

These  substances,  moreover,  contain  small  quantities  of  protoxide  of  iron,  lime«  prot- 
oxide of  nickel,  arsenic  acid,  caHwnic  acid,  water,  and  oxides  of  lead  and  iron.     Dr.  Oodi- 
nians  lately  analysed  a  beautifully  ultramarine-coloured  sample  of  smalt,  which  waft    ] 
f(  und  to  contain  5-7  per  cent,  of  protoxide  of  cobalt.     As  cobalt-glass  obtained  with  wdi    ; 
i«i  never  of  a  pure  colour,  that  alkali  cjiunot  replace  potassa  in  the  manufacture  of  amsH. 
Since  th(j  roasting  of  the  cobalt  ores  is  not  continued  long  enough  to  oxidise  the  mckA    ' 
contained  in  them,  that  and  some  other  metals  present  fuse  during  the  preparation  of  the 
smalt,  and,  settling  to  the  bottom  of  the  crucible,  form  an  alloy  t<irmed  Cobalt-fpeM* 
Cubait  spf  l^fc     This  substance  is  of  a  re<ldish- white  hue,  has  a  strong  met^Ulic  lustre,  is  fine- 
pTaine<l  in  structure,  and  contains  on  an  average  from  40  to  56  per  cent,  nickel,  26  to  44 
per  cent,  arsenic,  as  well  as  copper,  iron,  bismuth,  sulphiu",  ice.     Dr.  Wagner  found  thi* 
(1870)  a  sample  of  this  alloy  from  a  Saxon  mine  contained  in  100  parts : — 

Nickel      48-20 

Cobalt      1-63 

Bismuth 2-44 

Iron o«65 

Copper 1-93 

ArS«?nic 42*08 

Sulphur 3-07 

lop-oo 
The  material  is  chiefly  used  for  the  preparation  of  nickel. 

Applications  of       Smalt  is  still  employed  in  washinjr  and  dressing  blue,  and  for  importing 
Smalt.        a  blue  tint  to  paper.     It  is  not,  however,  verj-  suitflble  for  this  purpose,  aft| 
on  account  of  its  hardness,  it  WM3n  destroys  the  points  of  'writing  ncus.     Smalt  is  more 
extensively  used  for  blue-enamelling  glass,  porcelain,  and  earthenware. 

Cobalt  Ultramarine.  Tliirt  substance,  also  knowii  as  Tlienard's  blue,  is  a  pigment  consisting 
of  alumina  and  j)rotoxide  of  cobalt.  Curiously  enough  this  i)igment  has  been  diacov^ned 
and  prepared  at  three  several  periods  and  localities  by  diflFerent  people ;  first,  by  Wenida 
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iberff.  Saxony ;  n'^xt  by  Gahn,  at  *Fahlan,  Sweden ;  and  laflily,  simultaneously  at 
md  Vienna,  f>y  Thenard  and  Von  Lcithener.     The  pigment  i«  prepared  either  by 

solutions  of  ilium  and  a  salt  of  protoxide  of  cobalt,  precipitating  the  mixture  by  a 
1  of  carbonate  of  soda :  or  by  the  decomposition  of  aluminate  of  soda  by  means  of 
e  of  cobalt.  The  ensuing  precipitate,  consisting  of  an  intinmte  mixture  of  hydrate 
aina  and  hydrate  of  protoxide  of  cobalt,  is  first  well  washed,  then  dried  and  heated 
le  time.  The  pigment  thus  produced  is,  when  seen  in  daylight,  of  course  after  pul- 
on,  very  similar  to  ultramarine,  but  by  artificial  light  its  ccJour  is  a  dirty  violet.  It 
ever,  not  acted  upon  by  acids,  as  distingaish3d  from  artificial  ultramarine ;  neither 
fifected  by  alkalies  nor  heat,  a«  is  copper  or  mineral  blue.  Cobalt-ultramarine, 
under  the  denomination  of  Thenard' s  blue,  is  employed  as  a  paint  in  oil-  and  water- 
,  and  also  for  staining  glass  and  porcelain. 

m.  Is  a  pigment  prepared  in  England,  exhibiting  a  bright  blue  colour,  not 
ig  in  artificial  light,  and  consisting  of  staunate  of  protoxide  of  cobalt  (SnO^.CoO), 
with  stannic  acid  and  gypsum  in  the  proportions,  in  loo  parts,  of  49-6  of  oxide  of 
S  protoxide  of  cobalt,  31*8  gypsum.  This  pigment  ia  not  affected  by  heat,  or  the 
>f  dilute  acids  and  alkalies :  nitric  acid  dissolves  the  proxtoxide  of  cobalt,  leaving 
^r  ingredients,  from  which  the  gypsum  may  be  cleared  by  water. 
,n*»  or  This  substance,  also  known  as  cobalt-green,  zinc-green,  and  Saxony-green, 
»re«n.  jg  a  compound  similar  to  the  cobalt-ultramarine,  for  the  alumina  of  which 
f  zinc  is  substituted.  This  green  is  prepared  by  mixing  a  solution  of  white  vitriol 
solution  of  a  salt  of  protoxide  of  cobalt,  precipitating  by  carbonate  of  soda,  and 
r,  drying,  and  heating  the  precipitate.  Tiiis  pigment  when  pure  contains  88  per 
oxide  of  zinc  and  12  per  cent,  of  protoxide  of  cobalt.  It  is  not  affected  by  strong 
ngcs  the  borax-bead  blue,  dissolves  in  warm  hydrochloric  acid,  forming  a  blue 
which,  upon  water  being  added,  becomes  a  pale  red.  Treated  with  caustic  potassa, 
le  of  zinc  is  dissolved,  and  may  bo  detected,  after  previous  dilution  with  water,  by 
ition  of  a  solution  of  sulphuret  of  potassium. 

oiy  pot«  This  sub<ttance  is  occasionally  employed  for  the  preparation  of  fine 
»orcubftit  colours.  It  may  be  obtained  by  heating  one  part  of  previously  roasted 
?ly-pulvorised  cobalt  ore  with  two  part^  of  sulphate  of  potassa  until  no  more 
ic  acid  is  given  off.  The  fused  mass,  con.sisting  of  sulphate  of  potassa,  sulphate  of 
le  of  col>alt,  and  insoluble  arj^enical  salts,  is,  when  cooled,  first  treated  with  water, 
t  digested  with  hydrated  protoxide  of  cobalt  to  precipitate  any  iron  which  may 
to  Iw  present,  ana  in  order  to  eliminate  the  oxide  of  that  metal  the  solution  is 

It  is  next  precipitated  with  carbonate  of  soda,  and  finally  the  precipitate  lh 
and  heated. 

ProtoTide  of  This  double  salt,  known  by  Ma  trads  name  of  cobalt-yellow,  is 
Dd  rouu.<i.    obt^iined  by  mixing  a  solution  of  protoxide  of  cobalt  with   nitrite  of 

it  is  a  yellow  crystalline  precipitate,  perfectly  insoluble  in  water.  M.  Saint-Evre 
fwtigatfd  tliis  b^xly,  and  struck  with  its  beautifully  yellow  colour,  quit«  like  that  of 
feiixanthiiiate  of  magnesia),  and  with  the  fact  that  cobalt-yellow  resists  oxidising 
>huretting  influences,  suggested  its  applicability  to  artistic  purx>ose'».  He  prepares 
nent  by  i)recipitating  with  a  slight  excess  of  potassa  the  double  salt  of  protoxide 
t  and  potassa,  obt^dning  a  rose-rtM-l-coloured  protoxide  f>f  cobalt  and  potassa.  Into 
kLih  magma  deutoxide  of  nitrogen  gas  is  passed.  According  to  Hayes,  this  pig- 
re.idily  obtained  by  causing  the  vapours  of  hj-ponitric  acid  to  pass  into  a  solution 
nitrite  of  cobalt,  to  which  some  potassa  has  been  added  ;  the  whole  of  the  cobalt 
converted  into  cobalt-yellow.  As  the  nitrite  of  protoxide  of  cobalt  and  potassa 
»bt;iined  even  from  impure  solutions  of  prot<^>xide  of  cobalt,  so  as  to  bo  quite  free 
r  nirkel,  iron,  &c.,  the  use  of  this  preparation  of  cobalt  is  preferable  for  glass  and 
1  staining,  when  a  pure  blue  is  required. 

mnxft.  This  substance,  a  double  salt  of  phosphate  of  protoxide  of  cobalt  and 
I,  prepared  at  Vfannenstiel,  near  Aue,  in  Saxony,  has  been  but  lately  brought  into 
?e.  It  is  a  violet-coloured  powder,  very  much  like  the  violet-coloured  chloride  of 
rn,  and  exhibits  a  strong  metallic  lustre. 

Nickel. 
(Ni  =  59;  Sp.  gr.  =  8*97  to  9-26). 
d  it«  Ore*.       This  metal  occurs  in   tho  following  ores  : — Copper  nickel   or 
\  nickel,  NLVs,  containing  about  44  per  cent.  Ni. ;  antimonial  nickel,  NiSb, 
out  3 1 '4  per  cent.  Ni. ;  white  arsenical  nickel,  NiAsa,  with  about  28*2  per 
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cent  Ni ;  in  gome  varieties  of  colmlt  f?pei58,  f^^  for  instance,  the  capillary  pyntd 
(aulphuret  of  nickel)  witb  64*8  per  cent.  Ni)  \  und  the  antimonial  nickel-ore, 

NiSi+Ni(Sb,A8,), 

with  about  26-8  per  c<?iit.  Ni.    There  is  found  at  Rowdansk,  Oural,  Russia,  a  ininfnl 

■Anown  as  Rewdanskit^j  a  silicate  of  liydrated  protoxide  of  nickel  (i2'6  per  cent.  Ki), 

^Hhim  which  the  metal  is  obtained.    Nickel  is  also  extrneted  from  01^8  which  coatttio 

^Ht  accidentally,  as,  for  instance,  some  epecie^s  of  iron  and  copper  pyrites,  eobalt- 

Hhpeiss,  and  certain  copper  ores  known  as  Mansfield  ores,  which  yield  suljdiato  d 

nickel  as  a  by-product.     Several  varieties  of  manganese  contain  nickel  and  abo 

cobalt ;  and  in  Euglnnd  the  residues  arising  from  the  nmnufactnr©  of  chlorine  ore 

in  8ome  inst^inces  applied  in  the  production  of  these  metals,  the  pi-ocess  yielding, 

according  to  Oerland,  2*5  kilos,  of  nickel  nnd  5  kilos,  of  enbalt  for  1  ton  of  inaugi- 

nese*     Some  magnetic  iron  ores  yield  nickol,  a  specimen  of  =itich  ore  from  Pmgatoir, 

Tyrol,  Austria,  containing,  accorcbng  to  M.  T,  Petersen,  176  per  cent,  of  NiO. 

I,  '*'*^iJS^'XS«i!'^^*  It  very  rarely  happens  that  the  natural  ores  of  nickel  are»o  piiw, 
Biat  is  to  say,  contain  the  metal  in  isncK  a  stuto  of  combination,  as  to  admit  of  tilt 
Direct  extraction  of  the  metal,  and  therefore,  as  is  the  case  with  copper,  a  preliaiinary 
■peration  is  required,  whieh  aims  at  the  concentration  of  the  metal  in  combination 
either  with  sulphur,  in  which  case  the  cNiiiibiued  substaiYcc  is  tenned  regulua,  and 
-sulphuret  of  iron  is  aj)plied  as  «  means  of  concentrating  the  nickel  contained  in  thfl 
ore  as  sulphuret :  or,  if  the  nickel  happens  to  be  combined  chiefly  with  arsenic,  tlw 

Knoeiitrated  moss  is  termed  s|)eis6  \  while  in  a  few  instances  an  alloy  of  nickel  And 
arao  or  black  copper  ia  obtuined.  From  all  these  products  the  mt.*tallic  nii"kel,ol 
metimes  an  alloy  of  nickel  and  copper >  is  prepared  by  the  dry  or  moist  procesit 
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rho  method  of  obtaining-  niekel  embraces  tw^  distinct  featiirD«,  vix, : — 

I.  A  sroeltinpr  process,  which  ^ixos  at  rondering;  the  nickel  of  the  orea  richer,  and  ooO" 
centra  ting  the  metal^ 
B.  In  A  re  ^r  Ell  us, 
$,  In  a  Hp'iss,  or 

y.  In  alli^y  with  coarse  or  black  copper. 
IT.  In  the  separation  of  the  nickel,  or  a  definite  alloy  from  the  products  obtiiined  bT 
the  eon5entTation-«meltinjf ;  this  can  be  dooe — 
ff.  By  tlje  dry,  or 

h.  By  tbe  bydrnvmetallurgical  method, 
it  is  found  that  the  preparation  of  an  alloy  of  copper  and  nickel  for  the  mnnufi^^ 
©f  8o*cftlled   tTi'nnan-ailvcr,   irapiira  the  most  valuable  properfciea   <*f    nirkel—* 
colour  and  resist^into  to  clieraical  action — the  obtaining  of  pure  met^iilic  nickel 
'erred. 

lS^Zni^^\St'      '-  "^^^^  operation  is  carried  on  («)  for  r©|^us,  when  the  nickel-orei  tm 
Kickci  onrt,       mixed  Tsinth  iron  pyrite««  and  magneae  pyritea,  and  consists  in  snieUing  tJ 
viouslr  partly  roiiHtcsl  ore  with  fjnartz  or  »ib#tances  rich  in  eilica.     During  tin*  pi 
grej^t^r  portioQ  of  the  oxide  of  iron  jj^nerat-tnl  is  al>8f>rbc*l  by  the  slag,  w>pi'   *•     v^Vt" 
first  oxidiKctd,  and  more  readily  reduced  than  the  oxide  of  iron,  is  ci  t 

taUio  state  and  taken  up  by  and  coneentnikKl  in,  the  regidns,  a  mixtui  > 
'd  sulphnrtits  of  metals   and  reduced   s;ulphatea.     If  at  the   time   the   or©   «nfiil 
>per,  that  metal  is  even  more  readily  and  eomplrtL'lj*  iiieorporated  with  thg  refruhi* 
'    '  H>ielf,     If  tlie  roosted  ma^is  ccjntaioH  tou  much  fjrotoxide  of  iron,  a  ]> 

-  rc^lufX'd,  and  either  taken  wp  by  the  royniliH,  or  fiepnrat<>J  a«  contain  f '  ^ 

r  urn  of  the  iron  from  the  re^law  frtxpierttiy  r-Hpiires  the  application  of  ..  .^  .„i.„  J 

tiaoe  provided  with  a  blast  so  q«  tti  oxidise  the  iron,     A  better  residt  is  obtAUiAd  1^ 

ting  the  prcFiously  rwiated  ore  in  a  reverl^eratory  furnace  with  quartz,  heavy  son 

charcoal  or  eonl ;  milpharet  of  barium  ref<ultH,  which,  bwfnnin^''  converted  into  ba¥Yt% 

nftfers  it-R  fiulpbur  tf»  the  oxidf*  of  nitk^d  and  copper,  wbile  tbc  biiryta  ft^rms  with*th^ 

lartz  and  pmtoxide  of  irrm  ^  readily  fu«i*blc  8lap.     At  Dillcnbfirjir  an  ore  which  ooa- 

'rw  the  fmlphuretH  of  nickel  to  aboat  7*5  |ier  cent.,  and  copper,  is  treated  in   th*  fali 

lag  manner  :-^It  is  roiisted  in  stacks,  built  not  unlike  oi>k^-ovena »  next  broken  up  ttd 
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beated  hy  meflofl  of  coke,  no  ouict  iniort^licntA  beinpr  adtlf-il, 
titftiiis  silica,  aluiaina,  and  lime  in  siiflScieiit  quantities,  so  a>.  to  obtain  i^ntde 
This  crude  rej.jruliiB  iu  next  melted  with  isLigr*,  su  a^  to  obtain  ooncentratetl 
r^^nhif  {It.)  It  b  lastly  tmbmitted  to  the  action  of  a  refininjf  bhi^t-fumiico  in  order 
I  to  kmmi  the  quantitT  or  iron,  care  being  taken  to  liMive  enouji^h  »tilphur  to  keep  tho 
lltlbAdtviriiluA  (in,)  Vjrittle:  finally,  the  regnlun  'i»  employed  in  tlic  imvfiufacturo  of  nickd 
lind  ftlloya  of  nickel.     Compoaition^ 

I.     II.    ra. 


Nickel   .. 

CoppCT ., 

Sulphur 


»9  24  35 

»3  39  43 

35  la  2 

33  25  20 


100 
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TTiii  mode  of  operation  ia  omployed  at  Klefver  (Sweden),  and  in  some  other  localities. 

iB).  Th**  sanelting'  of  nicked  orea  for  the  purpofie  of  conrentrating  the  metal  in  ffpoiss  ia 
ippbed  whin  the  nickel  ofcnrs  in  combination  with  either  arsenic  ouly  or  li^-ith  that 
taetal  and  antimony,  surU  computimid  WLng  (xrca^ionally  obtained  in  the  opcrutitms  of 
soeltuig  copper,  leacl,  and  alvcr  orea,  and  as  by-products  of  the  smelting  of  metaln  not 
oo&tiUQing  ar««nic»  a,^,  for  instance,  in  slags  from  copper-smelting,  in  which  cam*  there 
b  iddcd  ar»eniur*^t  of  iron  (Hr^nic^d  inon  pyrites^  FoAs  -j-  FeS  ,  which  whon  heat«l  by 
Hidf  iplitA  np  into  As  and  il't-t^).  When  a  mixture  f.'onsLsting  of  nickel,  irrin,  and  arsenio 
iilSrft  tTi>iTi.-*r  -I  to  a  partial  calcination,  aud  next  to  a  simultaneouHlj'  reducing  and 
huLi:  the  iron  is  taken  up  hy  the  sing,  the  nickel-oxide  is  reduced,  and  the 

tBpni :  iivcrted  into  arscniuret.H,  and   a#  the  nickel   has  a  greater  affinity  for 

itsfjiic  :luku  -iuv  ^uli>hur,  the  tqieif^s  will  alw  tiike  np  that  metal.  If  the  compound 
flripnallr  npinit4Ml  ufH>n  happenij  to  contain  eopp*^r,  that  metal  is  present  in  the  Hpcin*, 

fwiwhiidi  it  may  Im  -  "    '  iilphuret  by  the  oddition  of  ordinary  pyrites  to  tic 

innil^Al  pyrites  dnr;  By  fre<iiiently  roasting  and  smelting  the  ^^peiflit, 

ilni  (Mri.i.riillv  by  li  -,         t  and  the  use  of  heayy  Bpar  and  quartj?  as  slag,  the 

eliminated.     At  Bi^mingham^  llungariazi  and  Spaniah  nickel  ctch  ai9 

-H,  thc«)0  minerals  cont^iining  on  an  average  from  40  to  55  per  cent. 

iiiid   from   30  to  40  per  cent,   of  arsenic,  iw  well  a«  sulphur,  bismuth,  and 


fnr  the  coTiC4?ntration  of  coarse  copper  or  nickelifcroua  pig-iron.     When 

ir  kel  containf^i  in  the  copper  ore**  is  very  small,  the  nickel  accuinuLlatef 

I       ,  iUj<  of  the  refiiicnl  copj>er  in  such  quantities  as  to  repay  the  trouble  of 

il.  Wille  analysed  aome  rttined  copper,  obtained  from  the  cupriferous  slate 

rf.  und  found  it  to  contain  from  7S  to  15*6  per  cent,  of  nickel ;  occahionally 

nf  ro^tte-copper  (Hmtain  crystala  of  protoxide  of  nickel. 

^y  II.  This  is  eflected  by  submitting  the  product  of  the  concentra- 

»iuc'^kri»r    tion-smelting  to  either  (a)  a  dry  method  of  treatment,  or  (b)  a 

lurgic^il  process. 

o  of  nickel  by  the  dry  method.    It  appears  that  the  methods  hitherto 
•t  led  iiJ  very  watisfactoiy  results ;  it  is  true  that  when  nickel-apeiss  is,  as 
L    von   Gen^dorf,   repeatedly   roasted  with   charcoal-powder  and   wood- 
T  nickel  is  obtaintxl,  and  may  be  reduced  l>y  mcana  of  cool,  coke,  or  char- 
-  oxide  i»  always  viixe<l  with  arj^iniate  of  oxide  of  nickel,  the  nietid  also 
ttj^uic,  and  any  Gematn-silvxT  made  with  it  is  brittle  and  turns  brown  on 
» to  air ;  moreover,  a  small  quantity  of  iron  U  always  present  in  the  nickel  thuf 
'     '        .suit  is  obtjkined  by  the  proceaa  proposed  by  the  late  H.  Koae,  In 
^n  of  the  met«l  free  fr«^tm  antenio,  and  WMch  consists  in  mixing* 
«  itl»  sulphur,  and  heating  this  mixture,  thereby  forming  sulphuret  of 
and  Kuiphuret  <*f  ni^f^nic,  the  latter  being  volatilised-     Thin  operation  is  repeatt'd 
u*  TttJtv  !k  in  rfsts-ury ;  the  ^idphuret  of  nickel  is  roasted,  and  sidphate  of  protoxide 
I ,  which,  at  ft  high  temiwrnture,  an  ifl  the  cast*  with  protosulphate  of 
10  acid,  leaving  the  oxide  of  nickel  Ut  be  reduced  to  the  metallic 
T     iL     At  I>illet5burg  expieriments  have   been  made  in   order  to 
d  a  refined  »tone — a    comp(JUud  of  nickel,  copper,  iron,  and 
I  iind  copper,  by  til^t  completely  cukining  the  fculphuiets*,  and 
tt  th*-  iu^  ^iilijlmr;  next  ndxing  the  rtnininder  of  tlic  substance  in  quantities 
with  45  111*,  of  soda,  and  submitting  tVii**  mixture  tc»  the  heat  of  a  reverl¥?ratory 
ui  order  to  render  the  sulphur  soluble  in   water  a*  f*ulphurct  of  sodium  ana 
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jnilphat^  of  Aodo,  leAVuig  on  oUof  which,  of  oonne,  baa  to  be  refined  in  order  to  eliniq^^H 
the  IfUHt  tmr^-K  of  iron,  ^^^B 

(A)>    Olitaining  nickel  by  the  wet*   or  bydro-znetallurgioal  method.      A  proIiiuhiHfT    I 
roat*tinj.'  of  the  ore?"  or  produoti  of  metalliir^cal  opcrationfli  containing-  niokel  is  reqaind    B 
in  oriler  to  ojnvcrt  the  irrjn  into  itn  oxide  8olnbli3  in  ucid,  and  to  convert  the  nif^celt    I 
eopi>or»  «nd  cobalt,  cither  into  Bidphotes  soluble  in  water  or  into  oxidas  or  baaio  «dta»    I 
borli  iyi  which  ure  K^hiblo  in  snlphtirio  and  hydrochloric  acidit.     From  any  snah  §oluiii9«   ■ 
the  nickel  is  pn>cipitat<xl  by  a  snitable  rca^T^ut,  cither  as  oxide  or  as  sulphnret,  and  frtrta  I 
thcHo  njat^riaU  luctalli*^  nickel  or  wn  alloy  uf  that  metal  with  copper  is  pnprtrtHl.    Tlw  I 
pivunmtiun  of   nickel    by   the   moist   luethfMl   oon^^ists*    of    three   ditfcrfnt  opera ticmt*  i^*  ■ 
1,  The  preparation  of  the  nickel  malution.    Wlien  mckeUferou»  and  metalliirg-icid  pnnhi-ctaB 
ore  roniite<i,  eitlter  with  or  without  the  addition  of  copperas,  the  reniUt  is  the  funuatioji    *i!J 
tlie  jinlplmte?*  of  iron,  copper,  nickelf  and  cobalt,  and  this  niixtnre  when  roasted  iKXiort**^ 
decomposed,  the  sulphiiric  aeid  being  driven  ofF  tir»t  and  moat  readily  from  tlie  t»ulpha.'t>'*4 
of  the  oxides  of  iron,  and  with  jarrcntcr  difficulty  from  the  suli^hatf  of  protoxide  of  otitifm^ltl 
Ace^jrdinj^ly,  after  roaHtiii^^r,  the  nia««  on  being  treated  with  water^  yields  the  lariir'  "    ^ 

of  the  nickel  and  cubiilt  with  bome  of  thi^  oupper,  while  the  gr^^uter  jwirt  of  ti  ^j 

_  with  \*ery  aniall  quantities  of  cobalt  and  nickt^^  and  Ui€  whole  of  the  imn*  rema;:.  ^. —  -^ 
■podved  as  oxiden;   by  the  ini<e  of  acidH  the  protoxiden  of  copper  aiid  nickel  are  extnusi&'^l 
Pbroin  this  residue.     If  the  roasted  material  i**  iuiraediately  treated  with  hyiirochloric  jm  Mj 
the  retiult  is  that  more  of  th©  oxide  of  copper  th&n  of  the  protoxide  of  nickel  is  diegolTUi^TT 
but  by  agnin  treating  the  residue  with  l»omng  &oid  the  oxidea  of  iron  and  nickel  cpje 
extracteth     Speisd  may  be  used  for  obtaining  a  nickel  solution  by  ftrat  heiitin^  *^-  -■'- — 
yiouiily  n>a«tod  apeias  with  a  mixture  of  i^oda  and  nitrate  of  Nodu.  next,  oxtrii 
arseniate  of  soda  by  means  of  water,  and  Aft<?n*^ardij  treating  tho  re?iidue  w^ith        ,   ,i.   "^"j'- 
ucid,  roo^in^  the  sidphate«^  obtuincHl  r^o  ai4  to  decompo»»e  only  that  of  iron,  and  tiBttSH 
treating  the  man**  a;j:um  with  water  to  ohtaiJi  the  suh>bate«  of  nickel  and  cobalt  in  ^qH^| 
Accordiiit/  to  Profei*Hr»r  Wohler'n  plan,  the  arsenic  of  the  j*|>ei8M  can  he  reniov^ed  by  fu23H 
with  «(uJj>huret  of  sodium,  and  a  i^uheie^juent  treatmeut  with  water,  in  which  it,  as  a  c?tU[>ho4 
^ftftlt,   i«   stilnble.       2.    ITie  nickel   may   l*o    precipitated    from   the   solution   in    vu.riuUifl 
njrays.     Ac<jiording  to  M.  StapifAi  plan  (1S5S),  a  fractioin*d  precipitation  may  be  nbtainid  ■ 
Wbf  raeau^  of  chalk  employed  at   various  t*;mperatures,   the  retnilt  being  titat  fir^t  inm  ■ 
and  arsenic,  and  next  ajpper,  are  separated,  so  that  only  the  nickel  remains  in  solutiofi«  ■ 
and  can  be  thrown  down  bv  milk  of  lime.     Aoeonling  to  M.  Ltmyet  i^i&4o),  iron  atnl  ■ 
^Srsenic   are   firKt   precipitated    by   milk   of   lime  ndxed  with  blcai^hinir- powder,  and  the  ■ 
Biquid  containing  this  pitM'ipitJit^s  filteretl  off.     From  the  acid  tiltnite  the  liisTituth,  Iiuul,    I 
•nd  eopjur  tlint  may  be  present  arc  removed  by  siUphuretted  hydrogen  ;  the  filtrflt*i  from  m 
thes«?  juint  sulphide.-*  w  next  l>oiletl  with  hluaching-powder,  tho  cobalt  lx*ing  septirat*^^!  iU  I 
a  peroxide,  and  the  nickel  remaining  in  solution.     If  it  is  dcsirt»d  t<»  obtain  the  eobnltio  I 
penixide  in  a  pure  stut*,   the  pn^cipitation  t<hould  he.  ^o  eouducted  us  to  leave  a  UttJe  I 
col>riU    with  the  nickel,  no  injury  therefrom  accruing  toi  that  metal.    At  Joachimstbftl,  I 
Bohemia^  the  nickel  is   pre<ipitfited   from    the   acid  Holutinn    after   the   r*  '      f  the  1 

copper  by  snlphuretted  hydn>gi/n,  by  means  of  bi sulphate  of  potu^sa  as  s  of  1 

protoxide  of  nickel  and  potusj<a^  leaving  the  cobidt  iii  jk>lution  free  from  lij  ..  -.     l-chin    ■ 
its  turn  iw  thrown  doi^^x  by  (yirbonate  of  soda,     3.  Tlie  conversion  of  the  nickeliferorcu 
prfcjpitate  into  metal,  or  into  an  alloy  with  copper,  may  be  carried  out  in  the  following 
manner: — The  protoxide  of  nickel  in  firj*t  separat-ed  from  the  liquid  by  tUtration,  thea^ 
pressied  tio  as  to  admit  of  its  being  drieti  by  intense  heat,  and  next  ground  up  with  walerfl 
and  wii-nhed  with  ver>'  dilute  hydrochloric  a^id,  in  order  to  remove  tlie  g^7»**um,  of  whkih.1 
Bome  S  to  12  per  ctnit.  in  mixnt  with  the  oxide.     The  oxide  id  then  made  with  beet-root  1 
FUgar,  mohwses.  m\A  coan*  rj-e-raeal,  into  a  stiff  paste,  which  is  shiijHxl  int-cj  cubea  &o<b  1 
1*5  to  3  centimetrea  in  size;  these  cubes  are  next  rapidly  drieth  and  after  tlrying  are  J 
placed  with  charcoal  powtler  in  crucibles,  or  in  perpendicular  fire-cluy  cylinder**  where,  I 
Wing  siiluuitted  to  a  very  strong  white  heat,  the  metal  is  red\iced,  an  o])eration  which,  iikm 
the  <:a»'  '>f  tlie  allo^  of  copjMT  and  nickel,  or   of  cuiirifcroxis  nickel,  is  tiiiished  in  t^  hour,.^ 
the  redmtion  of  the  ynn^  nn*tal  tjiking  fully   three  hours.     The  copper  soon  beromea  w 
molti  n.  but  the  nickel  only  Ninters  togi  ther,  on  account  of  tho  ver\'  gnat  ijifuftibility  of  1 
thiM  metal,     Tlie  «<m»ll  eubieal  pi»>ce«  of  nickel  a**  met  with  in  commerce  exhibit  extenialJ3r  J 
a  M:Tr*ng  metallic  lustre,  produced  by  putting  the  cubes  ^-ith  water  into  casks,  wlueli  ara« 
made  to  r*  >t-nte.     Iji  onier  to  ensiupe  uniiormity  of  composition,  and  hence  a  jyood  siUt+  h^M 
th*^  iilfoy  of  eoppor  and  nickel,  rosette-nickel,  care  is  taken  to  pr«JOure  t^  f  1 

th*  two  metala  in  the  proportion  of  66"67  pjer  cent,  copper,  and  33*33  per  cei  1 

\\\v  fubical  nickel  contain  m  from  94  to  99  per  cent,  of  pure  metaL     At  a  i.    ......  .,i  I 

Ddlonburgi  the  metal  is  not  made  into  cubes,  but  treated  in  the  Bume  way  as  : 
*H»ppttr* 
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PMpwtiworwickA  Pure  nickel  has  a  nearly  silver-wliite  colour,  with  a  slight 
jellowish  hue,  is  very  difficult  to  melt,  rather  hard,  very  ductile,'  and  easily  polished; 
sp.  gr.  =  8*97  to  9*26.  When  quite  pure  this  metal  may  b^  drawn  into  wire,  rolled 
into  sheets,  hammered,  and  forged ;  its  tensile  strength  stands  to  that  of  iron  as  9  : 7. 
Nickel  is  analogous  to  iron,  but  distinguished  from  it  by  possessing  a  greater  power 
of  resisting  chemical  agents ;  on  this  account,  and  for  its  not  becoming  rusty  in  air 
or  when  in  contact  with  water,  nickel  is  used  for  obtaining  silver-like  alloys  (see 
Copper).  In  Belgium,  Switzerland,  the  United  States,  and  Jamaica,  small  coins 
have  been  made  of  an  alloy  of  nickel  with  zinc  and  copper,  pure  nickel  being  too 
hard  to  admit  of  readily  coining.  An  alloy  known  as  Uera^argenty  one-third  sUver, 
consists  in  100  parts  of: — 

Silver 27*56 

Copper       59*o6 

Zinc 9*57 

Nickel        3*42 

99-61 
The  total  annual  production  of  nickel  on  the  Continent  of  Europe  amounts  (1870) 
to  11,200  cwts.,  exclusive  of  what  is  made  in  England.  Very  pure  nickel  is  obtained 
at  Yal  B^noit,  near  Lnik,  Belgium,  from  an  Italian  nickel  ore,  the  metal  containing 
less  than  i  per  cent,  impurities. 

COPPEB. 

(Cu  =  63-4 ;  Sp.  gr.  =  8-9). 

^''''•B^boW"  ****"•  Copper  is  one  of  the  metals  met  with  most  abundantly.  It  has 
been  known  from  a  very  remote  antiquity— oven  before  iron— and  bears  the  Latin 
name  Cuprum,  because  it  was  obtained  by  the  Homans  and  Greeks  from  the  Island 
of  Cyprus ;  from  the  Latin  name  of  this  metal  the  English,  Gorman,  Dutch,  and 
Fiencli  names  are  derived.  Cojiper  is  found  to  some  extent  in  a  metallic  state 
naturally,  but  it  is  chiefly  obtained  from  ores,  among  which  the  oxides  and  sulphides 
are  the  chief. 

OmofO'pper.  Native  copper  is  found  in  largo  quantities  near  Lake  Superior,  in  North 
America ;  and  in  Chili  there  is  known  a  peculiar  kind  of  sand  called  copper-sand,  or 
copper-barilla,  consisting  of  from  60  to  80  per  cent,  of  metallic  copi)er,  and  20  to  40  per 
cent,  of  quartz.  This  sand  is  imported  into  England  and  smelted,  witli  other  copper  ores, 
at  Swansea. 

Bed  copi)er  or  (suboxide,  or  red  oxide  of  copper),  Cu^O,  containing  88-8  per  cent,  of 
copper,  is  met  with  in  octahedrical-shaped  crj'stals,  disneminated  or  instrutifiod  tlirough 
pock  in  Cornwall.  An  intimate  mixture  of  suboxide  of  copper  and  iron-ochre  is  known  as 
tile-ore,  or  earthy-red  oxide  of  copper.  Azurite,  or  blue  copper  ore,  containing  55  per 
cent,  of  copper,  is  a  compound  of  carbonate  of  protoxide  of  copjx'r  and  hydnited  protoxide 
(2CuC0 ,  +  CuHjO  J.  It  occurs  in  l)eautifidly  blue-coloure<l  crystals  disseminated  tlirough 
podc  and  gangue  in  Cornwall,  and  was  formerly  found  at  Chessy,  near  Lyons. 

Malachite,  containing  57  per  c^nt.  of  copper,  consists  of  basic;  carbonate  of  hydrated 
oxide  of  copper  (CuCO,  -f-  CuH^OJ,  and  occurs  in  rhombic  crj-stals,  also  as  stalactite  and 
stalagmite,  and  in  Atlas  ore,  a  veined  and  earthy  ore  called  copper-green  or  earthy 
malachite,  and  very  frequently  with  azurite  in  Australia  and  Canada. 

Copper-glance,  copper-glass,  sesquisulphuret  of  copper  (Cu^S),  contains  80  per  cent,  of 
the  metal.  Purple  copper  ore,  variegated  copper  ore,  a  compound  of  copper-glance  and 
sediquisulphnret  of  iron  (3CU3S  •}-  FeJSj),  with  55*54  per  cent,  of  copper  and  copjyer  pjTites 
(Gu,S-^-  Fe  S3  or  CuFeS^),  with  34-6  per  cent,  of  copper  are  the  cluef  sulphur  ores  usetl  in 
the  extraction  of  copper.  Copper  pyrites  is  often  mixed  with  iron  pyrites,  and  also  often 
contains  silver  and  nickel.  The  mineral  known  as  Boumonite,  although  a  lead  ore,  often 
contains  as  much  as  12*76  per  cent,  of  copper. 
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Slaty  copper  ore  if)  a  bitominous  marly  achist  belonging  to  the  Permian  formatiai, 
through  wnich  sulphuretted  copp-T  ores  are  disseminated;  this  ore  is  chiefly  f oand  is 
Germany. 

Grey  or  black  copper  ores,  so  called  Fahl  ores,  are  componndB  conmsting  of  dectro- 
positive  sulphurets,  ^'iz.,  sulphurct  of  copper  and  of  nlver,  with  electro-negitiTe 
sulphuretH,  viz.,  those  of  arsenic  or  antimony.  As  these  ores  contain  silver  thev  aro  uguiUr 
considercHl  as  silver  ores,  the  quantity  of  copper  contained  in  them  amountmg  to  aboat 
14  to  14-5  per  cent.  Atacamite  is  also  a  copper  ore  (3CuHyO,  +  CuCl,),  containinfr^6  prr 
cent,  of  copper.  Tliis  substance  is  chiefly  mot  with  in  Chili  and  other  piolrts  of  the  Weiten 
Coast  of  South  America,  in  Southern  Australia,  and  in  Peru,  and  in  that  country  it  is 
fpx>und  to  powder  and  used  instead  of  sand  or  sawdust  to  strew  on  the  floors  of  rooBM. 
It  is  imported  in  that  state  under  the  name  of  Arsenillo,  and  is  smelted  with  the  ataounite 
in  lumps  at  Swansea. 
Mod^  of  treatintr  the  Copper  It  Is  quito  o'vidont  thfltt  the  treatment  of  the  ores  must  vary 
ExtractinK  the  MetaL  accopding  to  tlio  Constitution  of  the  metals.  The  ores  in 
which  copper  is  contained  as  oxide,  or  ochroy  ores,  are  reduced  readily  enough  by 
Bimyjlo  treatment  with  carbonaceous  matter  and  a  flux ;  but  these  ores  are  by  no 
moans  abundantly  found,  and  are,  therefore,  usually  mixed  with  pyritical  sulphu- 
retted ores.     The  smelting  of  copper  from  its  ores  therefore  embraces : — 

1.  The  smelting  from  ores  containing  oxides. 

2.  From  pyritical  ores,  and 

3.  The  hydro-metallurgical  method. 

Pyritical  copper  ores  are  smelted  either  in  a  shaft,  or  pit-furnace,  or  in  a  reveriwt- 
tory  furnace.  In  the  latter  instance  the  reduction  of  the  metallic  regulus  of  copper 
obtaintnl  from  a  previous  roasting  of  the  ore,  is  effected  by  the  aid  of  sulphur,  notbt 
that  of  coal.  The  regulus  is  gradually  rendered  richer  and  richer  in  metal,  until  at 
last  the  decomposition  of  the  sulphur  is  completed  by  the  action  of  the  oxygen  of  the 
air;  by  this  operation  suboxide  is  plentifully  formed,  and  as  a  consequence  themetaflJc 
copper  obtained  is  in  the  state  technically  termed  **  over- refined.*'  When  the  durfl" 
furnace  is  employed,  the  first  portion  of  the  operation  is  similar  to  that  alluded  to, 
but  the  metal  is  reduced  with  coal  or  charcoal,  and  hence  the  copper  obtained— 
leaving  out  of  tlio  question  the  presence  of  the  fonngn  metals — is  never  over-refined, 
but  contains  carbonaceous  matter,  so  that  in  order  to  render  the  copper,  as  it  w 
technically  termeil,  tough — that  is  to  say,  malleable  when  cold  as  well  as  when  hot, 
another  operation  is  required,  which  it  is  evident  from  the  foregoing  must  differ  ft>T 
the  two  qualities  of  crude  metal. 
ThfWork.njr-upofthe     The  orcs  oro  first  roasted  or  calcined,  and  a  portion  of  ^^ 

Copper  Orrt  in  the  .  ,     ,  .  ,  ,  ^  \ 

feuuft  Furnace.       aulj)nur,  arsouic,  and  the  antimony  they  contain  volatilised ;  b"^' 
phatos  of  tlie  miitals  as  well  as  arseniates  and  antimoniates  are  at  the  same  ti*^^ 
formed,  while  a  portion  of  the  ore  is  not  acted  upon  at  all.     When  the  smelti^S 
operation  is  commenced,  fluxes  are  added,  and  any  oxide  of  copper  present  is  reda^*^ 
to  the  metallic  state,  while  simultaneously  the  sulphates  are  again  converted  it^^^ 
sulphurots,  which  jointly  with  the  metallic  cojqjor  form  the  rather  richer  cn>*^® 
regulus  of  copper ;  wliile  if  ai-senic  and  antimr)ny  prevail  speiss  is  formed.    IT^® 
more  readily  oxidised  metuls  present,  chiefly  iron,  form,  as  protoxides,  compound 
with  the  fluxes.     By  a  repetition  of  this  process  with  the  coarse  metal  regulus — \i^^ 
operation  being  known  as  a  concentration -smelting— there  are  obtained  thin  mat^ 
and  what  is  tonned  bluck  copper,  containing  foreign  metals,  which  are  got  rid  of  by 
a  first  or  coarsi.'  refining,  a  portion  of  the  impuiities  under  the  influence  of  a  high 
tempenituro,  th<»  oxygen  of  the  air  and  fluxes,  being  partly  volatilised,  partly  takea 
up  in  the  slag.    The  copper  obtained  by  this  operation,  rose-  or  disc-copper,  contains, 
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calcination  is  carried  rather  too  far^  suHoxuie  of  copper,  which  impairs 
ty  uf  the  metal.    This  defect  ia  remwdiod  by  a  rapid  smelting  under  a 
aal,  tho  suboxide  being  rcwluced  and  tough  copper  obtfiincMi    When  a 
iry  fumacse  is  employed,  the  coarae  and  last  refinings  are  usually  included 

g  to  the  Continental  methods,  the  calcined  ore  is  8meltt>d  and  converted 

regulus  in  a  shaft  furnace,  tho  fuel  employed  beings  charcoal  or  coke,  or 

pf  the  two.     Fig.  18  exhibits  tho  vertical  sw:'ti<io  nf  the  fiirnaco ;  Fig,  19 

view,  tho  front  wall  t>eing  removed  to  show  the  interior  construction. 

iibits  the  lower  pai-t  of  this  furnace ;  1 1  are  the  tuyorc-holes  for  tho  blast ; 

ires,  0  o,  place<l  just  above  the  lowest  part  of  the  breast  of  the  hearth,  com- 

by  means  of  chnnneb  with  the  smelting- pots,  c*  c*,  tho  object  being  to 

collect  the  molten  contents  of  tho  f nrnaco.  Since  ciOj>j)or  ores  always  contain 

iron,  it  might  happen  thut  by  simply  employing  a  reducing  smelting, 

metal  would  become  mixc*d  with  tho  copp<.*r ;  in  order  to  avoiil  this^ 

•rials  rich  in  silica  are  added,  with  which  the  protoxide  r*f  iron  forms  a 

Fio.  19. 

^^  Fio.  2a 
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3e  Mla:>.     Tho  oxides  of  coppor  prr^^i^nt  in  the  calcined  materialii  are 
be  metallic  stale  by  the  sulphuret  of  iron — 

3OUO  +  FeS  =  SO2  +  F^O  +  iCu. 
egulus.  a  mixture  of  sulphurets  of  copper  and  iron  and  other  metals, 
E>n  an  avemgo  32  per  c»'nt»  of  copper,  collects  in  thn  lower  part  of  tho 
the  slaff  formed  is  called  crude  or  coarse  slusr.  The  rocisting  of  the 
\  at  lU  moat  complete  oxidation,  while  the  sulphur  is  eliminated.  The 
III  us  is  next  smelted  in  a  shaft  fiirnace  with  tho  addition  of  a  flux,  a  pro- 
lly  known  as  concentration-smelting.  *  The  refined  regulus  obtained  by 
\  contains  some  50  per  cent,  of  copper,  and  is  next  treated  to  obtain  black- 
s  metiil.  But  if  the  rep:iihis  contain  a  suftb'itmt  qiiuntity  of  silver,  that 
cted  by  methods  which  will  be  fully  elucidated  wlien  silver  is  treated 
i  this  operation  is  combined  with  the  extraction  of  lead  from  the 
cted  by  what  is  termed  liquidation,  of  which  more  presently. 

\  00  equivalent  termx  in  English  to  express  tha  real  mesaning  of  the  Gernuu 
which  is  readily  accoimted  for,  if  we  oonsider  that  these  opera tious  ara 
I  and  of  very  ancient  standing. 
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» two ;  II,  the  o|>enmg  for  the  tuyere  of  tlie  blast  j  ^  the  furnace.  The  mode  of 
opcralion  b  similar  to  tUnt  juat  given.  MTien  tbo  roHnius;  is  coiDiili^to  the  molten 
||Mtal  k  run  into  the  cruuibUis,  anil  iift^r  hftving  cooled  b^iftioiently,  water  is  sipriukled 
^^  and  thei  discs  of  roso-copper  lifted  off.  For  the  reason  that  in  thie  kind  of  rurer- 
^■cmtoiy  furnace  the  et)pper  is  not,  as  is  the  cage  on  the  hearth,  in  contnct  with  the 
^■lel*  the  rceult  w  u  purer  metaL 

^^Tititiaa  froe^m.     Whun  the  coppor  ores  contain  ailver^tho  black  coj>per  is  submitted, 

hdcfn  being  rpfined,  to  a  iiroc43ss  knoini  at  liquation,  tinloss  it  should  bo  prt^ferred 

to  t^itriict  the  silver  by  the  Ziorvogel  method  (see  Silver),     The  liqiiution  j>rocess  is 

bw***!  \ipon  the  ixui  that  lead  and  copper  maj^  be  melted  togi»ther, but  do  not  remain 

ftUoyedon  cooling,  so  that  b  compound  is  funned  containing  much  more  copper  than 

lr*d,  the  remainder  of  the  load  separating  and,  while  taking  up  the  silvtin  settb'ng 

down  in  <y>iii?iif*^jUenco  of  its  specific  gravity*  When  the  molten  niaas  is  slowly  cooled, 

tliQkad  combined  with  the  ailver  runs  off  after  the  aolidiheation  of  the  copper  ,*  but 

if  the  molten  metals  are  rapidly  cooled,  an  intimato  mJxturo  of  the  two  takes  place, 

Tlio  mode  of  separating  the  silver  from  the  load  will  be  referred  to  when  treating 

ct'  the  former  of  these  inetals. 

It  liiks  been  already  mentioned  that  the  refined  copper  resulting  f  Rim  the  nbove  procesBes 

iMmtniiu  suWxide  of  that  metftl»  which,  if  amonntinjar  to  a  qanntity  of  I'l  percent.*  renders 

L  ftr  (M^j^T  ntiHit  for  nf^r  at  onlinary  tem])ertiture,«,  hy  impniriiig'  itft  ductility  und  mHlIea- 

iMlily    wJiilo  if  the  quautity  of  the  suboxide  iimoant.4  to  I4  per  cent  ♦  Uie  metal  is  unfit  for 

Fia.  23. 


ii»Mli  #»f»M  Mnd  Hf  fl  red  he!»t — ihnt !«,  1  becomes  cold-  and  ped-shorl.    This  eonditioti  of 

•ke<l,*'  and  the  rc-medy  is  wimply  to  melt  the 

',  tf'(hnienlly  kuown  n»  pUiu^  ;  that  in  to  my^ 

I  |.ii . .    .1   woo<l«  in  "    ^  *  -  '^'iixmjrhly  tstlrrin^f  tip  the 

rhat   the  cRrtiriij    an*!  iTmtained  in   the  wcK>d 

:  li   temperature*  rend f  Mivtul  very  malleable  and 

I,  »H  in  t4'(  litijivilly  i^rmvil^  toutffi.     A  ?t.HiJipk'  of  ^funafcld  reHued  and 

wivi  foimd  by  Dr  8teiubeck  to  contjnn  in  ro:>  pail*  ; — 


CVippt^r 
saver 
Nickel 
Iron  . , 
Lead 

OxVffOTJ 

Sidphur 


»4'37 

O"02 
036 
Q'05 
o  60 
058 
o'03 


Cb^ing  cbietly  to  the  posAeswon  of  an  enormous  wealth  of  coal,  the 
liiQet  suited  tor  the  revetberatory  furnaeesT  a  method  of  copper -smcd ting  ik^cuIiiit 
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to  England  is  pursuod,  and  a  metal  obtainod  of  a  yenr  s^aperlor  qualify,  ollhougft 
not  so  guwl  lis  tliat  extracted  from  particular  ores  in  lUi^da  and  Australia.  Sw«d 
is  the  chief  and  most  iTriportaut  seat  t>f  thi.^  industrj'  in  the  United  Kingdom^  i 
to  it  copi)Gr  ores  are  not  only  carried  fi^m  CoTQWall.  North  Walt^s,  We^tmoroL 
Angk'8ea»  and  other  portions  of  the  realm,  Iroknd  inclutlotl,  hut  are  importtid  i 
Chili,  PeriJ^  Cuba,  Xorway,  Australia,  and  oth<?r  ])arts  of  the  world.  The  Engli 
ores  aiv  mainl}:  pyritical* 

TUp  ohinf  proi^e^scs  of  this  mode  of  Bmeittag  oonsiflt  in — i.  CAldnfttioa  of  ^c  oit; 
2.  Smc'ltln)?  for  coarse  mi&tiil ;  j.  Calcitiation  of  eoai*^  metal ;  4.  Muking  of  whites  mtttttl, 
A  ccmeeiitrution  proooan  iii  which  caldned  coan*e  metal  is  Pinched  with  rich  ovch  ;  5,  Pr>!piiiv 
tiott  of  tho  hlue  metal  hy  wTOPlting^  together  calritieii  coarw  metal   ari<1   .  .1.  ir.,  *  *'•" 

mfidiam  richn?fl« ;  6,  Prf^paration  of  a  nfd  and  white  xnfj^tal  liy  smeltiii^'^ 
of  the  prenou^  operations  ;  7,  Calcinatiau  of  the  blue  mrtji]  1 5)  and  pi* 
extra  mtal :  8.  Calcination  of  the  white  ixtni  metal  and  preparation  of  Llie  courent! 
metal :  0.  Calcination  of  the  onliiiary  white  rnr^tal  vf  capriferons  rcJiidues  for  t.hc»  pari 
of  ohtainiajBf  blistered  crippcr.  Aeju  >rdin«:  to  M.  Garlt'»  view.s^  all  those  opera  tit 'Us  mjif  I 
redui?oil  to,  at  mo-^t,  two  ealrmation>s  und  three  smettiiij^  operatioiiji,  vist.  .-— i.  Calciimtif 
of  th  '  pievioaHly  pulverified  ores  with  the  aiidition  of  et^mmon  ^alt,  or  of  ehluridt!  | 
caleinm,  to  form  vow  tile  ehl<iri<U^  ;  2,  Tlie  smelting  of  caleinetl  orea  and  obtfihiiny:  »  i 

liquid  lilag' and  n  coarse  metal:  j.  The  takinution  of  coarse  metal  by  the  aul  c»f  tLhU 

for  the  production  of  blistered  c!op])er  with  or  without  the  addition  of  chlorides ;  4,  B^* 
dainji^  ani  toughenini?  the  blistered  coppor. 

caaiiinff.Mrafl«itiaf     This  operation  an  curried  on  at  Swansea  doen  not  materially  di^ 
thp  oio,.  from  that  pursued  on  the  Ckmtinent.      No  ver)'  appreciable  low  of 

wcijurlit  is  experienced^  as  the  weight  .if  the  oxygren  taken  up  eomi>euHatc»  for  th<?  Iqj 
oocaHtoned  by  the  more  or  le-^s  complete  volatili^tion  of  the  sulphiu',  antimony,  i 
&c.     The  nmeted  ore  i*  black,  tluK  colour  beinjcf  due  to  the  oxides  of  iron  and  cop 
During:  the  roasting'  heavy  white  fumes  are  emitted,  consa^tiug"  of  sulphurous  and  arseii 
fudd^  mixed  with  other  substancea ;   more  recentlT,  calcining"  fumncea  have  been 
stnictod  otL  Grcrst^nhofer'M  patent  sprtem,  i^o  aa  to  aamit  of  the  utiliMition  of  the  sulpha 
acid  fir  the  m^miifacturc  of  sulphuric  acid. 

8iiteiiiiigth«  am.  Tliii*  operation  is  ertbcted  at  Swansea  in  a  furnace  of  whicJi  Pig.  1 
exhibits  a  sectional  view,  k  is  a  funnel  intended  for  the  introduction  of  the  r[>asted  ol 
(}  lA  an  aah-pit  fillod  with  cold  water.     The  object  in  view  U  to  !»ipp»irate  tbe  ores  I 

Fio.  24. 


the  sranguc  a^  wjli  tm  from  oxides  othtT  than  tllAi  of  oopper,  by  cauainc-  tlie  mjjphurof  t 
salpU'irets  reratining'  undecompo^ed  to  act  upon  a  portion  of  the  oxides  and  6uiphat| 
aunh  ft  manner  that  thejie  are  either  tikt^n   up  by  the  Rlag-,  as,  for  instance,  the 
iron,  or  are  amiin  re*luced  to  sulphide,  as  the  oxide  and  tculphate  i>f  copper.     At  a  J 
temperature  the  oxide  of  copper  is  r»-ducod  to  the  mctoJlic  state  1»5'^  tJhe  aedcm  , 
Hulpiiuret^  uf  iron  and  copperi  oxide  of  iron  formiug^,  and  the  motaUic  copper  beings  | 
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i  n+jnilun,  ]>iirtly  ron  verted  into  aiiboxide  a^in  by  th©  peroxide  of  iron, 

"^il  iutij  pn^tt^iile  nm!  iti:*sulvt*(l  by  the  siikeou*  msittcr.     The  product  of 

Ibf  the  smelt  ill  ;r  is  a  caj:Lrj«>  jueial,  regnUis, 

1^1  CaIcniq;      The  i^ja^inj^  of  th^  coarse  metjU  w  performod  in  the  roverboratory 

kc<«r«e  M«uL      ftiruoc*^  VLBed  for  the  first  cakination  of  th<?  oi-ofl,     Tlio  object'*  in  view 

^  oxidation  of  any  metallic  iron  preaent,  and  the  partial  volatilisation  aud  combua- 

"  the  aulphur,  partial  onh%  for  otherwiao  the  ranelting  for  white  metal  would  be 

T  or  not  performed  without  s?>riou8  loss  of  copper. 

ltiw<^Wiit«       Tills  operation   consists  in  mixing   thp  T)ro>nously  calcined  coarse 

in  tjil  with  rich  copper  oroa  containing  hardly  any  snlphuret  of  iron, 

of  the  sulphide  and  oxide  of  copper  mixed  with  quartz  in  fliich  pn^- 

u:-^  (copper)  is  oxidi§ed  by  the  oxyg'en  of  the  oxides  present,  the  rcMult 

t       .    jir'-r  combines  with  the  coarse  metal,  while  the  protoxide  of  iron 

|qi>    't    -,!i.ntt^3  of  pmtoxide.     The  white  metal^  ahnost  entirely  consiHting 

I  luXo  \:iik''^  • --'-vKudda. 

Lari>a4»       The  wl  Lt^ined  li^  converted  int-o  blistered  copper  by  placing 

it  on  the  i!  I  ri'vcrbL'nitory  fiirnace,  and  cauH.ing  the  fir©  to  act  nt 

tithcr  gently,  bnt  aft^j-rwarUj)  ^o  a^  to  fuse   the  masA,  the  total  duration  of  tlie 
iift  each  rbarifn  biMna-    12   to    14  hours;    the  rej)ult  ia   the    volatiliaation  of  the 
'       »u^  acid,  and  the  elimination,  ptirtiaUy  by  volfitili«at»on, 
i»  in  the  sla;^,  of  tsuoh  impurities  a^  arsenic,  cobtiU,  nickel^ 
'  -"1-^9  fused,  suboxide  of  copper  and  sulphide  of  copper 
t*^  11^  the  formation  of  Hulphurou««  ucid  and  motalUc 

P^  ia>44ii,  impure  copper  on  yet^  is  ran  into  moulds*,  and  its  surface 

ih  bla(^k-c*)loun>d  vesii;;le«,  duo  to  the  escape  of  ga»cs  and  vapours 
1 1,  it  is  tc^nned  hlistrred  copper.     On  lit'ing  broken,  after  coolings,  it 
ii»c«l  atrui'.ture,   due  to  the  same   caune  thnt   produces  the  blistered 
-ii-faiH*.     Blistered  copper,  as  u>?ually  obtained,  is  comparntively  pure» 
iiiif  The  last   operation   in   the  Engli>ih   method  of   copper-smelting  is  the 

Mrt*!  rpfining  of  the  blistcrod  metal  in  a  reverboratory  funiac<\  care  being  agftin 
to  fir*»  at  first  gently^  so  that  the  metal  «hall  not  become  molten  until  after  some 
ir*.     X3  soon  a^  the  entire  charge  is  thoroughly  melted  down,  the  slag,  rich  in  sub- 
p'    -       '  '    '*      nd  fJie  molten  mefcil  covered  with  charcoal-powder.     The 

U  thffli  performed,  birch- wood  b<nng  prefeiTed  for  the 
ii  ■    .'i  I  liaving-been  nm  into  mouida  of  a  rectangular  shupei  ifl 

iued  lough  cnke, 

HS^  Cfjpj^^j.  \q  readily  obtained  from  oatidised  ores  by  smelting  thorn 
lafl-furiuic^  with  coke  or  coal,  and  aiich  fluxes  as  will  prcKlxice  a  slag  wHch 
lot  absorb  copper.  The  cruder  metal  obtained  la  refined  in  a  low- blast- furnace. 
ltin*»  of  ojcidls^xl  ores  is  limited  to  a  few  localities,  among  which  the  Oural 
liWrian  workis  are  the  most  important.  Largo  quantities  of  c+xcellont  and 
Mih  oxidised  copjKjr  ore  are  found,  but  not  as  yet  wrought,  in  the  islands  of 
Timor -Lao  ut,  and  the  adjacent  islands  of  Polynesia. 
i?c3.ryi*r  *'***'  This  method  owes  its  cxistenco  to  tbe  application  of  practical 
ttiiilytical  chemistry  to  metallurgy.  As  copper  is  very  readily  obtained,  even 
ores  too  poor  to  admit  of  being  troatf^d  by  the  dry  process^  in  surh  a  state  of 
bation  as  to  admit  of  its  being  dissolved  in  water,  and  thrown  down  from  this 
bn  by  tho  simple  presence  of  metallic  iron,  the  hydrometjillurgical  process  is 
ttdvttntugeoix**ly  appli^'d,  One  of  the  oldont  of  hydronietalliirgical  mi'tbods  is 
mown  us  the  ceraDutation-pr<H.'oss,  performed  by  proeipitating  copper  from  a 
Dtt  of  the  siilphnte  of  the  metal  by  moans  of  mot'illic  iron.  Solutions  of  the 
itas  occur  naturally  in  some  mines,  and  are  also  artificially  prepared  by  treating 
oddijiied  copper  ores  witli  sulpliurous  acid,  or  by  exhausting  these  ores  with 
tiiloric  or  dilute  sulphuric  acids,  or  by  roasting  pyiitical  ores  and  exhausting 
water.  The  copper  obtained  by  thie?  process  is  calle<i  c+'mentatiou-copper, 
id  of  Anglesea  the  cementation  liquid  is  conducted  first  into  lurge  basins 
Uiat  the  ochref  and  other  suspended  matters  may  subside,  and  afterwards 
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is  mil  into  the  c<Mnontatioii  tanks  containing  ol<l  scrap-mm  intended  to  servo ^h 
prtxnpitiitin;^  Hgnmt*  This  somp-iron  ia  CH?caaicmalh"  stirrod  up,  80  as  tf»  n^n^wW 
motallic  suifuce  presented  to  the  soltttiun,  'Hut  muddy  lujuid,  containing  ^poH 
metallic  eopi»er  and  impuritios,  is  run  intii  reserv^tin*  iiit^^mled  fur  the  dt*po.Miti«4| 
the  apfiiijyjy  ina^s,  wliicli,  after  tlie  ftupernatant  li<|iiid  is  run  oiT,  is  dried  in  ft  fiimw^. 
The  mtiteriiil  contains  on  au  average  only  \^,  but  may  loutain  frxim  50  to  65  p»t 
cent,  of  copper.  The  main  body  is  usually  oompo&ed  of  basic  ^ulpbato  of  ifBU, 
whioh  is  oGertually  romrived  by  tho  application  of  atirring  machinery,  surii  luis 
uaed  in  breweries  in  the  mash-tubs.  Afc  lUo  Tlutr*,  Spain,  and  at  HcHnioIImte, 
Hungary,  cementation-coppor  is  prepared  on  a  very  lar^>  ne^le.  In  Norway*  t^pptir 
Bolutious  are  treati^d,  Eiccordiuf;;^  to  8indin;^*y  pU*n,  with  sulphurettcKlhydrogf'n,! 
tlie  preciiiitLite  either  worked  up  fur  metallic  copper,  or  for  t^ulphate  of  cop 

Inwtt'ad  of  wulpliur,  lariere  qiiatititiea  of  iron  pyrit'e«  contai  111110-  more  or  less 
burnt,  uud  till'  Hiilphurmis  acid  obtaiiied  sipplied  in  the  manufacture  of  Hidphonti 
The  .mK'nt  piTit^Li*  \h  frequently  troated  hydroaiet»illiiriri''ally  with  a  f»olutioii  of  crhloH 
iron,  tlie  i'upjwlT  beiiiiy  pi'ei  ipitatetl  \\j  lucaiis  of  niilphuret  of  iron.  Po<jr  ixdifev  wippff 
ores  are  often  Wf»rked  up  to  obtain  sidphato  of  eupptr,  by  Honie  method  suitntJe  U\  the 
hteulity;  for  iiLHtaiue,  roawting  with  iron  pyrites  or  with  coppcra-n.  It  pfty»  in  utmit 
inMtiinees  to  roust  pyritical  copper  orea,  and  after  roasting  to  treat  them  for  obtfiimnf 
eeiiijcutatioa-copper, 
C3oDp«robiii]UKt  b/  Copper  eleetrolrtieidly  proripitatt><l  i*»,  provided  pure  inat^rial^  »» 
YoW^  Kieciiidty,  operated  upon,  and  the  ^ralvauie  current  not  too  strong,  the  puiw* 
obtainable.  Thi*  method  hai*  been  proposed  and  even  tried  on  a  hirgt?  acale  in  lialyt  •* 
order  to  t«tve  time  and  iron,  and  t^>  throw  down  the  eopj>er  of  the  cotnent^iti'itn-tanks. 
It  is  a  jcenerally  knnwn  and  daily  iipplieil  fa^t  that  copper,  as  a  coherent  iua«us»  c«o  be 
scpivrattx^i  from  wulpbnte  of  copper  electrolyticnlly. 

Pmi>erup»i*f  cort#T.       Tlie  pccidiar  and  really  beautiful  red  colour  of  copper,  the  only  nifitil 
fwj  difltingiushetl,  is  too  well  known  to  need  mention.     It  l^,  altlnm^h  n  hard  and  bmgk 
met^d,  iio  ductile  and  malleable  that  it  may  he  tbuwri  out  to  the  very  finr-5+   xrirr,  ssK^ 
Ijcat^'ti  to  extremely  thin  leaves.     Itj*  maUeubility  is  incTca-'e^l  by  increase  «^ 
and  at  a  low  red  heat  it  tan  l>e  hammeiY*d,  rolled,  and  beaten  int/»  any  reqin 
fracture  i»  granular.     Ita*  i^p.  yx^  i*<  =  S'O  :  one  cubic  metre  wei>,'hs  a  Knit 
|liieltinj.r-point.  uccordin^r  to  Puuillet,    1200^;    to   Danielle    1400".      Tb^   1 
careful  reHCim'hes  on  thl'i  tfipi<^  have  been  mjKle  by  Di%  von  KieniHdijk  at  th»    ' 
and  be  has  found  that  chemically  pure  copper  fiwen  in  an  atmosphere  of  hv 
1330';  that  is  to  Hay,  at  a  temiwi'ature  hifrher  than  the  melting-point  of  eitlM 
_flilver,   mi  ftimult^mi^ouidy   det^jimiincd   by   an   extensive  Herie*ii  of  exx^rimi'ut- 
Plltin'>stphereH  of  hytlr^jjRfen.     If  pro|>erly  pohnl,  as  the  term   nini«,  or  in  other  ^ 
from  suboxidf ,  ci>pper,  when  molt/^u^   flows  reajHly,  but  when  niiied  with   soil 
flow  is  slug^^djih.     \\Tiile  in  the  molten  state  the  surface  of  the  mt't:d  cxliibitw  a 
«ea*pTeen  colour.     Copper  is  net  suited  for  the  makinjg"  of  ea^tin^i  tad   tm 
is  due  to  a  peoidiar  cifoct  of  heat  upon  this  metal,  as  many  of  its  alloys,  ' 
with  tin,  are  very  suited  for  casting-.     Molten  copper  suflers  great  e%pf>r 
and  iMTtvimes  honeyeoml>ed  and  internally  crystalline.     This  defect  can 
either  ki'cpin;*-  the  metal  while  molten  under  a  layer  of  charcoal,  or  1 
extent  Ijt^forc  cantinp"  into  moulds^  which  should  he  made  of  a  jufoodcoji 
as  to  cJiuse  the  nipid  coolJni?  of  the  metal.     Iron  nioidds,  jntemully  r 
bone-a^h,  arc  thf  ijest.     Small  qiiantitii'S,  O'l  per  cent,  of  y.inf\  lead,  1  1   1     ; 

metals  added  to  the  molten  copji^^r  entirely  deprive  it  of  the  property  *>f  e^^ 
becoming  hcmeycomW'i!  on  cooling ;  the  same  eff%>ct  i«  observod  when  copp 
srdutiou  a  small  quantity  of  gaVH»xide,  hut  this  fai,*t  is  not  available  for  oiw 
as  such  copper  is  c4»ldMhi>rt.     Just  before  eoolinjf  th«>  vessel  fxhildts  the  1 
spirtinjr.  the  flyixij,^  aSont  of  fi;mall  jarlobnles  of  c<ip[>er,  accompanied,  if  lai- 
the  mettd  arf  treat*  I.  by  a  diMtinttly  audible  report.     This  ph'^nomenon 
due  to  a  tause  similar  to  that  prtKiutin^  it  whtn  silver  is  (kpcrsited  upon,  ^  - 
oxpulmoD  of  pi-cvioinly  abs*irbed  oxyi^en.     At  a  vt'ry  hi^h  tcinp<«ni'ii  e,  nwA  with 
access  of  air,  or  under  the  influenee  of  electricity,  i^-oppcr  bnniN,  giidiifr  a  brilliant  | 
flame.     In  countries  where,  as  in  8we<lcn,  Russia,  and  HuUatid,  the  rrM^fs  <  f 
other  larg^  buildings  are  coveretl  with  copper     tlie  in<>Ht  ex7»en.-*ive  at  the  ^1  .In 

the  most  lasting  material  for  rooting  puria>i9e»— the  phenomenon  of  the  biu:. 
XA  Ttnw  and  then  witnessed  on  a  very  large  scale  when  flre»  aomdeutally  occur,  Coppor*! 
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an  used  in  pjrotcchny,  for  prodacine  a  green  flame.  Dry  air  doca  not  a£fcct  copper, 
onleM  sulphuretted  hydroj^^en  and  other  aulphurous  emanationB  are  present;  but  moist 
air  cuuiies  the  oopper  to  1*coome  covered  with  carbonate  of  hydrated  suboxide  of  copper, 
rerdigris,  or  rust.  Experience  has  proved,  in  the  case  of  copper  roofs,  that  thiu  material 
protects  the  subjacent  metal,  and  adheres  to  it  with  great  tenacity.  When  solid  masses  of 
copper  are  heated  they  at  firet  assume  an  iridescent  rainbow  hue,  and  next  become 
covered  with  a  brownish-red  coloured  suboxide,  which,  if  the  heating  is  continued,  becomes 
black  oxide,  technically  known  as  copper-ash,  or  copi)er-forfire  scale.  In  order  to  remove 
this  oxide^  when  the  copper  is  to  be  rolled  into  sheets,  &c.,  the  metal  is  dipped  into  what 
is  termed  a  pickle— a  solution  of  ammonia  and  common  salt,  and  on  being  taken  out  is 
brushed  witn  a  heather-broom.  Copper,  as  usually  met  with  in  commerce,  is  not  by  any 
meAns  pure,  but  contains  variable  quantities  of  other  metals,  among  which  are  chiefly 
iron,  antimony,  arsenic,  lead,  tin,  zinc,  and  sulphur ;  Dr.  Keischauer  foimd  in  perfectly 
malleable  copper  no  less  than  1*48  per  cent,  of  impurities  insoluble  in  nitric  acid,  il 
this  quantity  is  only  slightly  increascil,  the  quality  of  the  copper  is  so  impaired  that  it  is 
not  only  unflt  for  being  rolled  and  hammered,  but  also  for  casting  statues  (always  alloyed), 
because  such  copper  loses  its  peculiar  colour,  and  docs  not  withstand  atmospheric  influ- 
ences. Copper  is  largely  used  for  various  purposes,  among  which  we  name  only  a  few — 
Tacuum  and  other  pans  in  sujfar- works ;  distillcr>%  brewery,  and  other  apparatus;  for 
covering  wooden  sea-going  vetJsels,  and  for  a  variety  of  generally  well-known  purposes. 
Dr.  Steinbeck  found  wat  reflned  Mansfcld  copper,  analysed  1868,  contained  in  icx>  parts — 

Copper 99*28 

Silver       0*02 

Nickel      •.       0*32 

Iron  0*06 

Lead        0*12 


The  total  annual  production  of  copper  over  the  entire  globe  amounts  (1870)  to 
1,300,000  owts.,  of  which  England  alone  yields  fully  350,000  cwts. 

Aik>7t«rckffcr.  Thero  aro  sovoral  alloys  of  copper,  among  which  bronze,  brass,  and 
Geman,  or  nickel  silver,  arc  the  (!hief. 

Bnmw.  Alloys,  consistin*r  of  copper  and  tin,  or  of  copper,  tin,  and  zinc,  or  of  copper 
and  aluminium,  all  boar  tho  name  of  bronze.  The  addition  of  any  of  those  motals 
to  copper  renders  it  more  fluid  when  molt^^n,  and  hence  bettor  suited  for  castings, 
as  well  as  denser,  and  consocjutmtly  more  easily  polished  ;  alloys  are  harder,  more 
sonorous,  and  (the  aluminium  alloy  excepted),  far  cheaper  than  copper  itself. 
Tie  addition  of  from  0*12  to  0*50  i)er  cent,  of  phosphorus  to  these  alloys  renders 
them  more  homogeneous  and  malleable.  The  chief  varieties  of  bronze  in  uso  aro 
known  as  (a)  boll -metal,  {&)  gun -metal),  and  (7)  statuary  metal. 

(a).  B<>ll-metal  consists  on  an  average  of  78  parts  of  copper  and  22  parts  of  tin. 
It  should  be  sonorous,  hanl,  and  strongly  cohesive.  Being  a  brittle  alloy  it  cannot 
be  workefl  on  the  lathe ;  hence  the  desired  sound  or  musical  note  of  a  bell  depends 
entirely  upon  the  shape  given  in  the  casting,  and  upon  the  constituents  of  tlie  alloy. 
In  order  to  save  tin,  zinc  and  lead  are  sometimes  added,  but  too  much  of  these 
impairs  the  goodness  of  the  alloy.  It  is  an  error  to  mix  silver  \\'ith  this  alloy,  in 
order  to  render  it  highly  sonorous ;  analyses  made  of  bell-metal  exist  in  the  middle 
ages  in  various  countries,  prove  the  absence  of  silver  from  such  metal,  traces  only 
being  present  as  an  impurity. 

(6).  Grun-metAl  consists  on  an  average  of  90  parts  of  copper  and  9  of  tin.  This 
alloy  should  combine  mechanical  and  chemical  durability.  As  regards  its  mechanical 
properties,  the  metal  should  be: — i.  Tough,  so  as  to  prevent  the  piece  or  gun 
bursting  while  the  charge  is  being  fired,  during  which  operation  the  metal  is 
exposed  to  a  pressure  of  from  1200  to  1500  atmospheres.  2.  Elastic,  so  that  the  gun 
may  be  able  to  yield  to  some  extont  to  the  smart  shocks  occasioned  by  the  evolution 
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:if  g&»  during  Eiing^.     3*  Hard,  so  that  the  motion  of  the  ball  should  not  csaiue  a^P 
damage  to  the  interior  of  tha  gun.     Aa  i^gardjs  cht^mical  durability,  the  alloy  qiu»I 
ii}sxst  the  action  of  mr  and  of  the  products  of  ctmibuetion  of  powder  and  gun-cotton 
at  high  tf'mperatures.     Gun-m^^tal  aus\^*?ring  th©«o  i-equireincnts  is  unforttinBt^iy 
subject  to  what  is  t^^rmed  liqmition  ;  that  is  to  say*  whUe  in  the  molt««u  &lat«  it 
separates  into  two  qualities  of  alloy,  one  more  fluid  and  containing  more  tin  thAQ 
the  other.     This  separation  makes  the  casting  of  gtuis  in  this  alloy  a  difficult  rr 
because  the  homogeDeity  of  the  mixture  is  uncertain.    It  appears,  however,  t^ 
addition  of  from  012  to  0*5  per  cent  of  jihoHphorus  remedies  the  defect.  Gtin-iin  Ui\, 
however,   is  fast  being  superseded  by  steel  in   the  manufacture  of  orduu 
MM*  Maritj!:,  at  the  Hague,  have  for  aereral  generations  been  renowned  for  1 
HUptJiiority  of  their  gim-nietal  manufacture,    which   is   ptill  pursued   by  thei 
Accordinfjr  to  a  Btatem^mt  in  tlie  **  Handworterl^ueh  dor  Chomie ''  (Art,  **  Cfem*biitl 
motall/*)  the  alloy  employed  by  them  efnawitits  of  o*6g  per  cent.  Fe,  88*61  per  cent. ' 
and  10*70  per  cent.  Bn ;  gr^uenilly  the  quantity  of  tin  amounts  to  from  gto  i  r  i>er  i^M 

(7.)  Statuary-bronze  for  nnKimt'iitul  purposes  consists  of  copper,  tin,  lead, 
zinc.     It  is  requisite  that  while  moltijn  this  alloy  should  be  very  fluid,  so  as  to  ( 
every  part  of  the  mould*    After  cooling,  the  metal  muat  admit  of  being  chisoUtt 
and  bj'  exposure  to  air  it  should  assume  what  is  tenued  patina- — a  peculiar  greea 
black  hue.     The  statuo  of  Louis  XIV.  at  Paris,  made  1699,  consists  of— cop 
91*40;  zinc,  5*53;  tin,  170;  lead,  i'37.     The  statue  of  Henri  TV,  on  the  Poi 
Xeuf  at  Paris,  consists   of — copper,    89*62;    zinc,    40*20;    tin,  5*70;    loiid,  0*4 
Aluminium-bronze  (go  parts  copper  and  10  aluminium)  is  used  for  varioue  orna- 
mental purposes,  chiefly  in  imitation  of  gold, 
hum.      This  nlloy  has  Iieen  known  from  a  very  remote  period.    Zinc  and  copj 
form  various  alloys,  but  brass  only  is  tijcbnically  apiihed,  and  contains  on  an  av 
30  per  cent,  of  zinc.     The  colour  of  the  alloy  in  inclined  to  rod,  when  the  quant 
of  asinc  is  small,  and  to  yellow  or  whitish-yellow  when  the  quantity  of  seine  i*~ 
increaaed.     The  ductility  and  malleability  of  the  alloy  increase  with  the  qunntity 
of  copper.     Brass  maybe  hammerai,  rolled  into  ehei.^tit,  or  ilrawnto  wire  while  coldi 
but  cannot  be  worked  hot.     The  Ho-called  yellow  metal,  Muutz's  patent,  an  alloy 
of  40  parts  of  zinc  and  60  of  copper,  may  bo  wrought  while  red-hot,  rollod  into 
nheeta,  and  forged  into  bolts.     It  is  chiefly  used  for  marine  purposes,  im  1    '  "  ' 
the  internal  lining  of  air  pumps  of  marine  steam -engines.     Brass  is  not  so  1 
oxidised  as  copper,  being  hai-der,  tougher,  more  easily  fusiblf^,  and  mon*  fluid  v.}iUc 
molten.     It  solidifies  without  l>eeoming  honeycombed,  and    hence  is   suited  f«r 
making  all  kinds  of  castings  j  while  simply  by  the  addition  of  from  1  to  2  per  ceoL 
of  lead,  it  is  capable  of  being  readily  worked  on  the  lathe,  and  may  b©  tben  i 
without,  OS  it  otherwise  does,  clogging  the  te^th  of  the  file. 

Brass  ift  made  by  any  of  the  followinjr  mi'Uieds:— 1,  By  meltinir  together  a  mixtanrij 
calamine  Htone  and  bliick  or  bliHtf  nil  otipper  nmU-r  n  layer  of  charcoal.  2.  By  simply  mslta 
tojfetbtT  jrinc  and  refined  coi>piT.  Tlie  fii-st  method  is  thi?  I'ldejtt,  and  if^  .«ttll  wirried  { 
in  fumaoeft  ammgwl  so  that  they  may  enntain  fnjm  7  to  9  fire-clay  crucible*  at  the 
time.  These  cnieiblps  are  filled  with  the  nt^eeasMir}^  material?*,  viz.^  pre\douBly 
zinc  ore,  or  residues  from  zinc-smelting  fiiniaceii^  and  crippcT-  As  bv  the  nm  of  *'j 
stone,  only  Bom©  27  to  28  per  cent,  of  rine  can  be  impartt^  io  the  alloy,  it  is  usual  to  1 
preriously  to  ponrin(?  out  the  molten  alloy,  another  qaantity  of  calamine  «tone,  rather  * 
prevent  any  loHa  of  zinc  by  ignition  than  to  incrf^rvse  the  quantity  of  that  in«Tt4iL  In 
fonniT  times  the  manufacture  of  hraw  was  carried  on  in  two  distinct  oijerationA,  000 
bein^r  the  preparation  of  an  alloy  contninmg  only  20  per  cent,  of  zinc,  known  a«  ar«o. 
■melting,  and  the  other  the  convemon  el  the  azco  into  braas  hy  a  second  jsmeltingt  and  1 
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addition  of  zinc  At  the  present  time  the  manufacture  of  brass  consists  in  simply  placing 
alternate  layers  of  copper  and  zinc  in  iire-clay  or  graphite  crucibles,  and  then  smelting 
the  two  metals  under  a  thick  layer  of  charcoal.  The  alloy  is  cast  in  granite  moulds 
surrounded  by  a  thick  coating  of  clay  and  cow-dung,  or  sand-moulds.  Occasionally  sheet- 
copper  id  conyertcd  into  brass  by  exposing  the  sheets  to  the  fumes  of  metallic  zinc. 
Among  braas  alloys  we  may  notice  the  following : — Tomback,  or  red  brass,  consisting  of 
85  parts  of  copper  and  15  of  zinc.  Dutch-gold,  a  gross  misnomer,  as  none  of  it  is  made 
in  Holland,  and  as  the  term  really  applies  to  a  very  pure  gold  coin,  the  ducat,  still  mode, 
although  not  current,  in  Holland,  at  the  Utrecht  Mint.  The  brass  alloy  thus  named  con- 
sists of  1 1  parts  of  copper  and  2  of  zinc,  and  is  made  chiefly  at  Niimbcrg  and  Fiirth, 
BaTaria,  for  the  purpose  of  being  beaten  into  very  thin  leaves.  The  alloy  termed  Aieh- 
metal,  and  consisting  of  60  parts  of  copper,  38*2  parts  of  zinc,  and  i  '8  parts  of  iron,  is  in 
KMlity  malleable  brass.  Sterro-metal,  though  very  much  harder,  is  smiilor  to  the  fore- 
going in  composition. 

The  wdl-lmown  yellow,  or  Muntz,  metal,  largely  used  in  this  country  for  marine  pur- 
poses, coating  ships,  &c.,  is  an  alloy  of  copper  and  zinc  in  proportions  varying  from  50  per 
oent.  of  zinc  and  63  of  copper,  to  39  per  cent,  of  zinc  and  qo  per  cent,  of  copper.  The  alloy 
in  use  for  coins  of  small  vaiuo  in  &is  country,  France,  and  Sweden,  consists  of  95  parts  of 
copper,  4  parts  of  tin  and  i  of  zinc.    The  alloy  used  for  this  purpose  in  Denmark  consists 
of  90  parts  of  copper,  5  of  tin,  and  5  of  zinc.     Bath-metal,  or  white  brass,  consists  of  55 
parts  of  copper  and  45  of  zinc.    An  alloy  used  for  buttons  consists  of  20  parts  of  copper 
and  80  parts  of  zinc.    The  bronze  colours  (powdered  alloys  of  copper  and  zinc),  now 
largely  used  for  bronzing  painted  surfaces,  as  well  as  for  lithochromy  and  various  other 
poiposes,  are  obtained  from  scraps  of  metal  rubbed  down  with  oil,  tallow,  or  wax,  and 
torpentine.    The  various  beautiful  colours,  violet,  copper-red,  orange,  gold-yellow,  green, 
are  due  to  partial  oxidation.    These  bronze-colours  are  not  to  be  confounded  with  a  beau- 
tiful sabstuice  known  as  mosaic  gold — aurum  mimivum — bisulphide  of  tin.     Analyses  show 
the  proportions  in  these  alloys  to  be — 

Forbrightcolours \^^     ;;     \] 

For  red  or  deeper  colours        . .  |  ^^^^^     "  *     ^4-90 
For  copper-red  colours    ....  100 

Chemical  analysis  has  also  proved  the  quantity  of  copper  to  amount  to — 

a.  la  French  bronzes :     Copper-red  colour  ..  97*32  percent. 

Orange        9444      „ 

Bright  yellow 8129      „ 

)3.  In  English  bronzes  :  Orange        90-82      „ 

Deep  yellow       82*37      „ 

Bright  yellow 80*42      „ 

y.  In  Bavarian  bronzes :  Copper-red         9892      „ 

Violet 98*82      „ 

Orange        9530      „ 

Deep  yellow       81*55       »» 

Bright  yellow 82  34      „ 

^^^vw?***^*     Gorman,  or  nickel  silver,  also  called  Argon  tan,  packfong,  or  white 

copper,  is  an  alloy  of  copper  with  nickel  and  zinc,  or  tin,  and  may  be  considered  as 

a  brass  to  which  from  ono-aixth  to  one-third  of  nickel  has  been  added.     This  alloy 

appears  to  have  been  known  in  China  from  a  vorj-  remote  j)eriod ;  in  Europe  it  has 

been  more  generally  in  use  during  the  last  thirty  years.     The  colour  is  nearly  > 

filver- white ;  its  fracture  small-grained  and  compact;  sp.  gr.  =  8*4  to  8*7.     It  is 

harder,  but  yet  quite  as  ductile  as  ordinary'  brass,  and  takes  an  excellent  polish.  It 

Is  prepared  by  melting  together  the  granulated  metala,  zinc,  copper,  and  nickel ; 

these  metals  are  put  into  a  crucible  in  such  a  manner  that  copper  is  at  the  bottom 

as  well  as  the  top,  while  a  layer  of  charcoal -powder  coyei  b  the  whole.  Care  is  taken 

to  stir  the  mass  with  an  iron  rod.     Nickel-silver  of  good  quality  has  the  appearance 

of  a  silyer  alloy,  containing  one-fourth  of  copper.     Nickel-silver  is  capable  of  as- 

mming  an  excellent  polish,  and  is  not  readily  acted  upon  by  vinegar  and  the  ordinary 

adds  in  culinary  use ;  henoe  it  is  u.sod  for  spoons  and  forks. 
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Arerago  German-nlver  consUts  of — 

Copper      5(>--66t> 

Zinc 19 — 31*0 

Nickel        13—18-5 

At  Sheffield  the  following  ^-arieties  of  this  alloy  are  made : — 

Copper.  Nicke  Zino. 

Common      8  2  3*5 

T^Tiite 8  2  35 

Electnim 8  4  3*5 

Infusible 8  6  3-5 

Tutenac       ■ 8  3  6-5 

When  tried  on  the  touchstone,  nickel-silver  is  hardly  distinguishable  from  tin 
silver  alloy  just  mentioned,  but  on  applying  nitric  acid  to  the  streak  caused  by  the 
nickel  alloy,  it  is  more  rapidly  dissolvt^,  and  by  adding  a  few  drops  of  chloride  of 
sodium  solution  no  turbidity,  or  precipitate  of  chloride  of  silver,  is  producod  on  the 
stone.  The  alloy  known  as  ^Vlfenide,  used  for  making  tea-pots,  sugar-basins,  milk- 
ewers,  and  similar  articles,  is  nickel-silver,  thickly  electro-plated  with  pure  flilyeiithe 
quantity  of  silver  amounting  to  about  2  per  cent.  The  alloy,  known  as  *ier«-afgvii<  (one- 
third  silver),  consists,  according  to  Dr.  C. "Winkler's  analysis  (see  "Chemical News," 
vol.  xxii.,  p.  225),  of— Copper,  59'o6;  silver,  27*56;  zinc,  9*57;  nickel,  3*42. 

Since  1850  the  Swiss  Confederation  has  brought  into  circulation  a  series  of  small  ooini 
{monnaie  billon)  which  contain  in  1000  parts  : — 

Silver.  Copper.  Zinc.  NickeL 

Pieces  of  20  Rappon 150  500  250  100 

„         10        „       100  550  250  100 

M  5         »»       50  600  250  100 

These  coins  arc  not  turrietl  red  by  wear,  but  assume  a  yellowish  hue.  In  Belgium  the 
5,  10,  and  20  centime  pioctfs  an?  made  of  an  alloy  of  25  parts  of  nickel  and  75  part^  ^ 
copper ;  wliile  the  Unittnl  Stiites'  cent  piwes  contain  12  parts  of  nickel  and  88  of  copX'**' 
The  alloy  known  on  the  (x>ntinent  as  Suliler's  wliito  dbpper,  consists  of  88  parts  of  oopp^' 
875  i)artH  of  nickel,  and  175  parts  of  antimony. 

Amalgam  of  Copper.  By  the  name  of  metallic  cement  is  imderstood  an  amalgam  of  30  pi»^ 
of  copper  and  70  part*  of  mercury.  It  is  obtained  by  moistening  pulverised  copI»*'» 
obtaim.'d  in  a  sponj^y  stjite,  by  reducing  its  oxide  at  a  low  red  heat,  by  means  of  hydn>i5^ 
with  nitrate  of  sulK»xidc  of  mercurj',  e^re  being  taken  to  incorporate  this  saline  solut-i*'^ 
thoroughly  with  the  copper,  while  adding  hot  water.  This  cement,  at  first  soft,  hard.*?^ 
in  a  few  hours.     It  has  been  su<XMissf ully  applied  in  stopping  decayed  teeth. 

PllEPARATIOXS  OF  CorPER. 

Bai^'ai  ufclTpijcr.  '^^^^  Salt  is  mct  with  naturally  in  kidney-shaped  masses,  or  as  an 
outer  covering  of  minerals  containing  copper,  as  well  as  in  solution,  as  referred  to 
under  Cementation-cx>j>iH3r.  Sulphate  of  copper,  blue-  or  Cyprus-vitriol,  crystallises 
in  the  shape  of  tnclinohodrical  blue-coloured  ciystals,  soluble  in  2  parts  of  hot  and 
4  of  cold  wat^r,  and  insoluble  in  alcohol,     icx)  pai-ts  of  tho  salt  contain : — 

Sidphuric  acid        32*14 

Oxide  of  copi^er 31*79 

Water      36-07 

Formula  :— CuSO^  +  sII^O. 

oPb:uj'  Ch(!mically-pure  sulphate  of  copper  is  obtained  by  heating  metallic  copper 
with  concentrated  sulphuric  acid ;  the  nietul  is  oxidised  by  a  portion  of  the  oxygen  of 
the  acid,  while  sulphurous  acid  escapes  ((^'u  -f  2ll2S04  =  CuS04  +  21120 -J- SO,).  If 
tho  metal  is  previously  converted  into  oxide  of  copper  by  exposure  to  a  red  heat,  only 
half  the  quantity  of  sulphuric  acid  is  required.   Sulphate  of  copper  is  manu&cturod 
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scale  by  any  of  the  following  processes  : — i.  By  the  evaporation  of  cemen- 
ter  until  crystallisation  is  attained.  2.  By  heating  sheets  of  copper  in  a 
x)ry  furnace  to  the  boiling-point  of  sulphur ;  a  quantity  of  that  element 
1  thrown  in,  and  the  flues  and  other  openings  closed,  the  effect  is  the  forma- 
Iphide  of  copper  (Cu^S),  which  is  converted  by  a  comparatively  low  heat 
tion  of  the  oxygen  of  the  air  into  sulphate  (CuaS  -1-50  =  CUSO4  -f  CuO). 
is  next  placed  in  a  suitable  vessel,  and  as  much  sulphuric  acid  is  added  to 
fficient  to  saturate  the  oxide  of  copper.  The  clear  solution,  having  been 
Tom  the  insoluble  residue,  is  set  aside  for  crystallisation.  3.  By  treating 
copper  obtained  by  smelting  the  ores,  and  containing  about  60  per  cent,  of 
:h  sulphuric  acid.  The  resulting  Eolution  is  evaporated  in  leaden  vessels, 
?ar  liquid  left  to  crystallise  in  copper  pans.  From  the  mother-liquor  of  the 
letallic  copper  is  precipitated  by  means  of  iron,  because  the  presence  of  a 
itity  of  sulphate  of  iron  renders  this  mother-liquor  imfit  for  the  further 
r  blue-vitriol.  This  method  of  obtaining  sulphate  of  copper  is  the  least 
,  but  the  salt  is  not  quite  pure,  containing,  according  to  M.  Herter's  analysis 
Id  blue-vitriol,  about  3  per  cent,  of  sulphate  of  iron,  and  o'o83  P®*"  co^t.  of 
ickel.  Yerj'  frequently  the  scraps  and  refuse  of  copper  smithies,  copper- 
other  residues  of  that  metal,  are  used  in  preparing  sulphate  of  copper, 
rseillos,  malachite  is  di85W)lved  in  sulphuric  acid  to  obtain  blue- vitriol, 
way,  iron  pyrites  containing  copper  are  roasted  and  treated  with  water,  the 
itainod  being  precipitated  with  sulphuretted  hydrogen,  and  the  sulphide  of 
hen  dry,  converted  mto  sulphate  by  exposure  to  a  gentle  heat.  6.  Large 
of  sulphate  of  copper  are  obtained  as  a  by-product  of  silver-refining, 
when  silver  is  treated  for  the  purpose  of  extracting  the  gold  it  contains,  by 
isually  silver  coins,  chiefly  Mexican  and  Peruvian  dollars— with  strong 
acid ;  sulphate  of  silver  and,  as  the  coins  centain  some  coj)per,  the 
>f  that  metal,  are  formed,  while  the  gold  is  loft  as  an  insoluble  substance, 
is  reduced  to  the  motuUic  state  (Ag^SO^  -f  Cu=  CuS04  4-2Ag)l)ymeansof 
:o])per  placed  in  the  acid  solution,  which  is  previously  diluted,  and  which, 
iug  been  descanted  from  the  sediment,  spongy  metallic  silver,  yields  on 
in  a  very  pure  sulphate  of  copper.  7.  Sulphate  of  copi>er  is  also  obtained 
roduct  of  the  hydrometallurgical  process  of  extracting  silver,  or  Ziervogers 
In  ord<*r  to  separate  the  sulphate  of  iron  from  the  crude  blue- vitriol,  as 
at  copp«3r-smeltiTig  works  from  various  cupriferous  refuse,  the  crude  salt 
so  an  to  bring  about  a  partial  decomposition.  By  this  means  the  sulphate 
decomposed,  and  the  oxide  of  that  metal  formed  is  insoluble  in  water.  The 
ris  is  dissolved  in  water,  and  the  clear  solution,  decanted  from  the  sediment, 
\\  to  crj'stallisatiou.  Accoi*ding  to  Bacco's  plan,  the  cmde  blue- vitriol  is 
in  water,  and  carbonate  of  cojiper  added  to  the  solution,  to  cause  the  pre- 
as  oxide  of  all  the  iron  present,  while  an  equivalent  quantity  of  oxide  of 
dissolved  and  converted  into  sulphate.  The  j)uritiud  sulphate  of  copper 
ia\'ing  been  filtered  is  evaporated  and  left  to  crystallise. 

loi.  Under  the  name  of  double- vitriol,  a  mixture  of  the  sulphates  of  copper  and 
allised  toofcther,  and  sometinn?s  c(m taming  white  vitriol,  is  met  with  ou  the 
The  Salzburg  vitriol,  known  by  the  brand  of  a  double  eagle,  contains  about 
'nt..  the  Admont  '6^  per  cent.,  and  the  double  Admont  80  ptT  cent,  of 
f  protoxide  of  iron.     Of  later  years,  however,  these  vitriols  huvo  been  less  io 
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Ab  tbe  biiso  of  tho  pigmonU  obtAiotible  frcxm  coppor,  the  sulp3uite  it 
frequently  u^d,  and  Bhould  be   pure,  or  at  least  fivo  from  tlif  ?'  '- '   * 
iron  and   ziiu>.     Blue-x-itriol  nUo  N.^rveH  for  the  manufucture  of   ncetute  vi 
bronxinjiC  iron,  for  bmiginj?  out  the  colour  of  alloys  of  g'ohl.     It  is  Ui*rd  in 

firintiitg^  in  vsirioui*  ways,  for  iralviuio-plaatic  purposes,  and  during'  iho  lo«t  twoutv  fv^ 
nrge  quantities  of  this  salt  have  \k^h  sent  to  Mexico  and  Peru,  to  be  iipi>ii«l  tu 
Aintriciin  anialgnmation*proc+*i4a  of  extracting  silver. 

Ou^pcr  pimi'cuu.     Among  the  many  j>igments  which  owe  their  bluo  or  green 
osstMitluily  to  copper,  we  may  treat  of  the  follo^-iivg : — i.  Brunswick -green, 
Bremon-gTocn  and  Bremen-bhie.     3.  Casselmanns-grfen.     4.  Miiierul-jfrt^en* 
Schwt'infurt-gn*en,   also  known  as  emoraJd-j^een,     Miiny  of  the  pigmtmU 
tioned  here  by  their  Gerniun  names  are  known  in  this  country  by  other  den< 
tions,  but  are  not  for  that  reason  any  different  in  comiKisition. 

nrjM»«)c\'Ort>en.        Under  thiH  name  several  compounds  of  cop]  "    '    i*  oil-i 

Tlie  pigtn*?nt  now  nliir^liy  in   u**o  lK»ftiing'  this  name  i§  basic  ^  (e  itf 

(CaCO|4- t'uU,0^),  an  imitation  uf  mountjiiu-  or  miiit»ral-gT(  ^ ..,  .;.i  ,  ,„    1  from 

finely  pulverisied  injiiiuchite  or  tlie  sediment  often  met  with  in  cuprilt  hiUm  cpracTitatic 
UquidiH,     Brun-^wiek-f^TW-n  »«  pn-panc'tl  on  a  large  scaIc  by  the  deo<.mipOHitif»n  of  si  '  ' 
iron  by  nitana  of  fitJu-r  carbonatt*  o|  eodla  or  carbonate  of  lirat*,  and  in  other  caj 
decomiMisitiun  of  ehluriJe  of  cojiper  hy  mejliis  of  n  carbonated  alkali.     The  enmiii 
pitat^j  Lh  wunlud  uith  builin^r  w.iter,  and  ttfterwttrd»  mixod  with  a  anallfr  or  lai 
tity  of  sulphate  of  baryta,  zinc-whito,  or  gy^jsmn,  and  frt'^piently  with  S-^hwei 
(accto-ar**  nite  of  copp<ri  in  order  to  obtain  the  de«nred  hue*     Another  variety 
wick-gTwn,  rarely  met  with  in  the  pro&ent  day,  app€^ar8  to  l>e  a  kind  of  artificially-pn'f* 
Ataeomite,  an  oxvehloride  of  copper,  tbD  formtiLi  of  whiiJi  i*,  aecording^  to  Hitthut 
CuCl,,3CuO+  jH/J. 

'ijJSSTo  oSeVir  These  Bub8tanc<»  are  eesentially  hydrated  oxide  of  copper,  and  «* 
met  with  ua  u  very  bright  blue  spongy  mass  with  a  gr'^enish  hue.  The  ralun  i» 
greater  accorditig^  to  the  finer  blue  colour  and  loose  t^pongy  texture.  When  used  wiih 
water,  gum,  or  glue,  tins  pigment  violtLs  a  bnght  bluo  colour^  hence  its  first  nnme; 
but  when  it  ia  mixed  with  linseed -oil,  the  blue  colour  turns  within  twenty*  four  hottw 
to  green,  in  conso<iueueo  of  the  saponification  of  the  oxide  of  copper,  which  becomtt 
oleute,  palmitatt*,  and  linoxate  of  that  base.  Brenjon*green  occurs  in  various  hU6f 
obtained  by  mixing  the  precipitate  with  well-cleansed  gypsum.  At  the  present  tinis 
the  pigment  is  generally  obtained  from  oxychloride  of  copper  (CuCl2f30uO  -j-  4H40). 
This  prepiinition  may  be  made  in  Torious  ways,  provided  care  bo  token  that  tll0 
light  green  paste— technically  known  as  oxide— contains  no  protochloride  of  copper 
(CuaOlj).     Gontele's  method  is  as  follows : — 

1,  112-5  kUos.  of  common  salt,  and  1 1 1  kilon.  of  milphaie  of  copper,  both  free 'from  Sni8» 
are  ground  together  with  mifficicat  water  to  promote  reoctitm.      2,  11 2*5  V-»  '  rAi 

oopper  shetting  is  cut  into  pieees  a  Hquare  inch  in  ^iiie,  and  plueed  with  win  . d 

with  sulphuric  acid  in  rotating  casks  bo  aa  to  remove  all  nist,  oxide  and  oxy*  i  ,  m 

thifi  metid,  which  is  next  wtiahed  with  water.  3.  The  elean  metal  thus  ohtuined  ta  utuX 
placed  in  what  ia  known  as  oxidatlon-closotA,  and  covered  for  a  thickne.^  of  hnlf-nfi-ineh 
with  the  piuste  rarntiuued  alwve.     A  miituul  '    '   'y  that  of  the  ai ,  it 

Bct  up,  thdj  rt'STilt  l»tirj^'  that  the  chloride  of  '  up  copper,  bee  /.». 

ehliritle;  thijs  in  its  turn  takes  up  oxygen  from  ;.-  ^  .       and  water,  and  i^.,^. . _ . . .^^^ 

Oii«n  erted  into  the  greim-oolourcii  insoluble  baaiu  hydrute^d  oxide  of  copper,  the  aetion  beiift 
areatly  aided  by  the  turning  over  of  the  mass  with  a  coi»p**r  tfpiult-  evety  two  or  thiet 
oays.  As  the  treatmcjit  of  protochloride  of  copper  ii-ith  aikulie*  or  alkaline  earths  gift* 
rise  to  the  w*paration  of  red  or  yellow-colouretl  suboxide,  the  mas*  should  not,  on  hibaf 
testc<l  and  previnuw  to  f ni"ther  operations,  yield  even  the  faintewt  indieatirm  f>f  the  prrecnee 
of  Hul>oxidc%  Huiiio  the  hlighteflt  trace  wonid  spoil  the  hue  of  the  pijmient  t<i  Ite  obtained ; 
consequently  in  tw mo  works  the  pjuitir  mass  is  left  for  years  before  it  Vi  u.sed  for  further 
operations,  Tbe  aetioi*  is*  acoelemted  by  cansiniur  the  nm^M  to  Income  tlr^  Ix-foie  turning  U 
over  with  the  spade  ;  the  consequence  being  that  the  fiir  gets  thorough  ieeei^,  and  it  i-cim- 
plete  oxidation  i*  obtained  in  alwut  three  to  live  montlis  time.  Tlie  ma.ss  in  then  rlfMUrwd 
with  the  smoUoht  pcfseible  quantity  of  water^  and  is  thus  separated  frtim  the  non-oxidlacd 
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pper.    4.  To  aome  6  g^ons  of  this  cleansed  miLierial  are  added  6  kilos,  of 

c  acici,  stnd  this  mixturB  ia  allowed  to  stand  for  about  two  dayii-     5.  Into  a 

-^thp  >iliie  tiil> — are  poured  iiome  15  galloiiH  ckur  colourleBs  pottMsa-lye.     Hii/i 

lixture  18  firjit  diluttxl  with  mhhc-  6  more  ^:aUon8  of  wattr,  and 

iisly  dM  po!!ssibl[',  pour»'d  into  thn  l>lue  tub,  tlit*  laixtiire  bt-ing 

>,.    .1   alt  of  this  la^t  operation  L^  tbat  tho  provionsljr  basic  topper 

^-d  by  HCl  ioto  noutral  cupric  chloridtf^,  is,  wlirn  brought  in  contact 

I 'on  verted  into  blue-colourfd  oxyhydrate  of  c<»pper  or  Bremen -blue, 

'  tftftsiiLm  \&  also  formo*l*     6.  After  tlip  nuLSA  has  btcome  pawty,  it  is  k-ft 

Vj  of  days,  and  then  tborouyhly  washed  by  decantation  to  ivmov^  tho 

nu     The  ciiprk  oryhydrate  is  then  put  on  cloth  filtcira,  kopt  moint,  and 

f.jr  mmo  time.    It  is  next  dried  at  a  tempcraturiG  of  from  30'  to  35', 

V         lemperatnT©  the  hydrate  of  the  oxid**  by  losing  \U  wat^^r   l>ecomea 

jwn  cioloiinHi     It  is  clear  that  Brenien-bhio  cati  bo  diff'^rrntly  obtJiincdi  but 

ie»oc-§  of  preparation  do  not    bear  so  niurh  upon   the  precipitation  of  th© 

ud^  xis  upon  the  means  of  obtaining  cliloride  of  copper ;  theme  mcami  may  of 

e  Tarii-d  in  many  waya ;  for  in8tance»  by  cau.stng^  a  mixture  of  comiaon  salt, 

-■      ■■'  ^    .  .^ .    -scraps  to  act  open  with  othfr,  the  mass  being-  afterwards 

itr;  by  the  action  of  hyilrurhlorio  acid  apon  copper  and  its 

-  ^      lug  neutral  nitrate  of  copper  by  means  of  carbonate  of  soda. 

I-  a  pn-H'ipit;ibr?  of  earbcinato  of  copper  ia  furmwl,  wluoh^  while  giving:  off  its 

d,  bi'ComoM  convert*»d  into  basic  nitrat-e  of  copper  (CuN  O  -|-  CuHjOjj),  deposited 

(?n  powder.     A  solution  of  zinc-ojtide  of  potanwi  (sttlution  of  zinc-white  in 

i*  next  added,  the  result  beinj?  the  formation  of  a  deep  blxie  pi^a^Tient, 

id  very  oifverim  (a  technical  t^Tm  in  11  mc  l;»y  painters);  eonftiating-  of  zincate 

a  small  quantity  of  basic  liitrato  of  c<ipiH*r,     A  ma^nefiin  Bremen-blue  is 

he  prcoipitation  of  a  solution  of  the  sulphates  of  maf^esia  and  copper,  to 

\  m4tm  of  tartar  is  added,  by  means  of  potassa,  care  being  taken  to  pour  the 

on  into  the  alkaline,  and  to  keep  an  excess  of  the  latter. 

ciwii.      Id  the  ye^r  1865  Dr.  Cussolmann  discovered  this  pigmt^nt,  a  beau- 

ft>?e  fTiiin  arsenic.     It  is  prepared  by  mixing  together  boiling  solutions 

J  of  oi;ppor  and  an  alkaline  ac^tattj ;  the  resalting  precipitate  ia  u  basic 

ip^r  (CiiS04-f-3CtinjOi+4HiO).      After  drying,  this  salt  is,  next  to 

rt- green,  tho  finest  of  all  colours  obtained  from  copper,  and  being  free 

ic,  i»  highly  commeudablo,  though  yet  poisonous,  as  ore  most  prepora- 

wi  espoeially  acetates  of,  coppfT, 

Tills  pigment,  also  known  aa  S<'heele*s-green,  is  not  so  frequently  usetl 

'  aa  if>nnerly.     It  ia  essMJutially  a  rrdxture  of  hydrat*>d  oxide  of  copper  and 

'V         ^      ver  very  well.     It  is  prepared  by 'dirtaohinp:  i  kilo,  of 

(»f  water,  t^  which  is  added,  whilst  coufitantly  itirred, 

td  and  I  kilo- of  purified  potaAh  (carbonate)  iii  S  litres 

fc  roMidtinp'  irraas-gr^^en  coloured  precipitate  is  washed  with  boiUng  water  and 

■  pi^rmint,  f»ometimes  known  aa  mineral -green,  is  obtained  from  pulveri«ed 

|b»iiHic  hvilriited  oxide  of  clapper.     By  tho  tenn  mineral-blue  is  ^nerally 

Snd  of  lierlin-blue,  rendered  lesi*  deep  coloured  by  the  addition  of  pipe-clay 

■colon  ntl  powders,  but  tho  tt^nn  fCiso  applies  to  a  pigment  formerly  obtained 

1  WBAliingtho  purest  [»ieee.^  (^f  laznrit*  of  copper,  a  mineral 

(2CuC03-fCuH,0,) 

ryrol  and  ncJir  Lyons.    This  pigment  is  artificially  obtained  in  Franco, 

k^gium,  by  precipitating  a  solution  of  nitrate  of  copper  with  cauntic  Lime 

a,  and  afterwards  mixing  the  pnrviously  washed  precipitate  with  chalk, 

srr  ^\mT.    Tlie  pigment  is  lent  into  the  trade  for  iwe  chiefly  as  a  water- 

♦lie  name  of  lime-bhie  a  siniilnr  preparation  occurs  in   qtiadrangular 

^\   by   precipitating  a  solution  of    100  parts  of  sidphate  of  copper  and 

l-rtmniniiiae  with  a  milk  of  Ume  containing  30  parts  of  c^ugtic-linie.     The 

mixture  of  hydra  ted  oxide  of  copper  and  sulphate  of  lime,  according  to 

|(2CiiH0<,3H,0'-|-3CuH,O,).    This    pigment  exhibits    a    purer  tint  than 

l»ut  tliough  it  oorers  pretty  well  as  a  water-colour,  it  is  almost  useless  as  an 

pigment  wliich,  when  ground  with  oDs  and  varnishes,  jrields  a  beautiful 

is  OHscntiully  tn^mposcd  **i  Hulphidc  of  copper  (CuS),  there  bcin«-  iipjili«  d 

)  either  the  native  mineral,  known  as  cupreous  indigo,  or  an  &rtiti<jially 
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prepared  sulphide,  obtained  by  fasing  finely  divided  metallic  copper  with  hepar-salpbunat 
a  mixture  of  seyeral  sulphurets  of  potassium.  The  fused  mass  is  treated  with  water,  aod 
the  sulphide  of  copper  remains  in  small  blue-coloured  crystals,  which,  after  drying,  ate 
pulyerised  and  mixed  with  oil. 

*"  toiSKJJSS?' ""  This  pigment  is  by  far  the  most  beautiful,  but  also  the  most 
poisonous,  of  all  green-coloured  copper  pigments.  In  Germany  this  substance  ia 
known  under  a  number  of  aliases  derived  from  the  peculiar  depth  of  hue  as  modified 
in  various  manufactories  by  means  of  sulphate  of  baryta,  sulphate  of  lead,  and 
chrome  -yellow.  The  constitution  and  mode  of  preparation  of  this  pigment  remained, 
at  least  on  the  Continent,  a  trade  secret  until  the  researches  of  MM.  Braoonnot  and 
J.  von  Liebig  made  the  particulars  known.  According  to  Dr.  Ehrmann,  pure 
emerald-  or  Schweinfurt-green  is  an  aceto-arsenite  of  copper  : — 

^^'Cu^^'}  Oa+3(CuO,ARa03); 
in  IDG  parts — Oxide  of  copper,  31*29;  arsonious  acid,   58'65;  acetic  acid,  io*o6, 
Dr.  R.  Wagner  states  that  this  formula  is  only  empirical,  because  a  portion  of  the 
copper  is  present  as  suboxide,  and  a  portion  of  the  arsenic  as  arsenic  acid. 

According  to  Dr.  Ehrmann's  statement,  this  pigment  is  prepared  by  first  separatdy 
dissolring  equal  parts  by  weight  of  arsenious  acid  and  neutral  acetate  of  copper  in  boiling 
water,  and  next  mixing  these  solutions  while  boiling.  There  is  immediately  formed  t 
floccuient  olive-green  coloured  precipitate  of  arsenite  of  copper,  while  the  supernatant 
liquid  contains  free  acetic  acid.  After  a  while  the  precipitate  becomes  gradually  crystal- 
line, at  the  same  time  forming  a  beautifully  green  pigment,  which  is  separated  from  tl» 
liquid  by  filtration,  and  after  waHhiug  and  carefully  drying  is  ready  for  use.  The  mode 
of  preparing  this  pigment  on  a  large  scale  was  originally  devised  by  M.  Braoonnot,  u 
follows : — 15  kilos,  of  sulphate  of  copper  are  dissolved  in  the  suLallest  possible  quantity  of 
boiling- water  and  mixed  with  a  boiling  and  concentrated  solution  of  arsenite  of  soda  or 
potasHu,  so  prepared  as  to  contain  20  kilos,  of  arsenious  acid.  There  is  immediately 
formed  a  dirty  greenish-coloured  precipitate,  which  is  converted  into  Schweinfurt-green 
by  the  addition  of  some  15  litres  concentrated  wood-rinegar.  This  having  been  done,  the 
precipitate  is  iirime<liat43ly  filtered  off  and  washed.  It  thus  appears  that  the  preparation 
of  this  pigment  aims  first  at  the  least  expensive  j)reparation  of  neutral  arsenite  of  copper, 
which  is  next  converted  into  aceto-arsenite  by  digesting  the  precipitiite  with  acetic  acid. 
The  pigment  is  available  as  a  water-  and  an  oil-colour,  but  does  not  cover  vcrj'  well  in  oil 
although  it  dries  rapidly.  The  colour  cannot  be  usetl  for  mural  painting,  as  the  lime 
absorbs  the  acetic  acid,  leaving  a  yellowish-green  arsenite  of  copper.  The  Schweinfurt- 
green  consists  of  microscopically  small  crj'stals ;  if  these  cr}'stals  are  pulverised,  the 
colour,  previously  grass-green,  becomes  paler.  Air  and  light  do  not  affect  this  pigment, 
which  is  insoluble  in  water,  but  becoming,  when  boilo<l  with  it  for  a  length  01  time, 
brown-coloured,  probably  in  consequence  of  the  loss  of  some  acetic  acid.  It  is  a  well- 
known  fact  that  pajwr-hangings  containing  this  pigrment,  and  pasted  on  damp  waDs, 
cause  the  inmates  of  the  rooms  to  suffer  from- headaches,  due  in  all  likelihood  to  volatile 
arsenical  emanations,  among  which  is  arseniuretted  hydrogen. 

stannntp  of  oxido    Tliis  preparation,  also  known  as  Gentele's-green,  is  obtained  bypredpi- 
of  Copper,      fating  a  solution  of  sulphate  of  copper  with  stannate  of  soda,  washing  vA 
drring  the  prccripitato,  which  forms  a  beautifully  green,  innocuous,  at  least  as  oompared 
with  the  foregoing,  copper  pigment. 

ve.diaru.      Under  this  name  wo  meet  in  commerce  with  a  neutral  and  a  basio 
acetate  of  coi)per ;  the  one,  a  crystalline  substance  is 

a  salt  formerly  only  prepared  in  Holland,  and  designated  as  **  distilled  veixl^giig," 
in  order  to  mislead  as  to  its  mode  of  manufacture. 

Tlie  basic  salt,  Vilue  verdigris,  is  chiefly  prepared  at  and  near  MontpeUier,  by  employing 
tlu!  ni.irc  of  the  graj)rs,  the  skin  and  stems  of  the  bunches  aftor  the  juice  has  been  squeesra 
out,  wliieh  readily  fomiM  acetic  acid  by  ferment^iticm.  Into  the  marc  arc  phiced  sheets  of 
copper  pn^Wously  moistened  with  a  solution  of  acetate  of  copper.  The  metal  becomes 
coated  with  a  layer  of  verdigris,  which  is  removed  by  scraping.     It  is  next  kneaded  with 


'.  first  method  the  basic  a<!Ptato  is  dissolved  in  4  parts  of  acetiim  distillatnm 
vinegar)  or  in  wwxl-vinejrar,  the  liquid  being  placwl  in  a  copiM-r  cauldron  and 
lied.  Tlie  clear  liquid  'w  decantini,  and  then  evaporat^Kl  in  copper  jmna  irntil  a 
wt  makes  ita  appearance,  when  the  fluid  is  transferred  to  wooden  vessols  pro- 
h  thin  laths  »er\'ing  as  a  solid  nucleus  for  the  crystals.  Acconling  to  the  second 
solutions  of  the  two  salts  are  mixed,  the  liquid  de(;unttHi  from  the  sediment  of 
of  lead,  and  next  cvaporattnl  after  the  addition  of  some  a(;etic  acid,  until  a  crust 
t  is  formed.  Instead  of  acetate  of  lead,  the  acetates  of  lime  and  baryta  are  now 
tie  neutral  acetate  of  copper  is  met  with  in  coimnert^o  in  *'  bundles  "  (grappes), 
r  of  deep  green-coloure<l,  non-transparent  crystals,  soluble  in  134  parts  of  cold, 
ts  of  hot  water,  and  in  14  parts  of  boiling  alcohol.  This  salt,  like  the  basic 
is  highly  poisonous. 

t,»  of  Both  baaio  and  neutral  are  employed  an  oil-and  watcr-oolours.  In  Russia 
^  verdigris,  mixed  with  white-lead,  is  frequcnUv  used  as  an  oil  paint,  the 
ng  the  formation  of  carbonate  of  copper  and  basic  acetate  of  huul.  The  former 
nbstances  yields  with  the  undecomposed  ^hito-load  a  bright  blue  c<.>lour,  which, 
iting,  turns  to  a  peculiarly  fine  green,  the  usual  colour  of  the  iron  ro<»fs  of  the 
Russia,  more  especially  in  Moscow  and  the  interior  of  the  countr3\  In  Holland 
mixture  is  frequently  applied  as  a  paint  to  outdoor  woodwork,  of  which  it  is  an 

Sreservative,     VoidiprriH  is  sometimc^s  further  applied  in  the  pn»paration  of  other 
ours,  for  instance,  Schwoinfurt-green ;  also  in  dv(>ing  and  calico-printing ;  in 
see  Qold).     The  neutral  salt  was  formi^ly  used  in  tno  preparation  of  acetic  acid. 

Lead. 
(rb=207;  Sp.gr.  =  11-37.) 
eof  LMd.  This  metal  has  boon  known  from  a  remote  antiquity.  It  is  only 
»und  native;  its  chief  ore  is  galena  (PbS).  It  also  occurs  as  Boumonite, 
aonial  load  ore,  consisting  of — 41*77  parts  of  load;  1276  copper;  26*01 
y ;  and  19*46  sulphur;  formula (3 Cu^S, 81)^83  -\-  2[3PbS,Sb2S3]).  From  this 
•er  OS  well  as  lead  is  extracted.  The  other  lead  ores  of  more  or  less  import- 
0 — corusito  or  white  lead  ore  (PbC03);  green  lead  ore  (pyromorphito, 
te  of  oxide  of  load,  3[r205,3PbO]  +  PbClj) ;  mimotesito  (ai-stmiato  of  oxide 
3[As205.3PbO]-|-PbCl2);  vitriol  lead  ore  or  Anglesito,  sulphate  of  lead 
;  yellow  lead  ore  (molylKlanato  of  load,  PbMoC])^) ;  and  rod- lead  ore  or 
S  chromate  of  lead  (PbGr04). 

obtAiniue Lead        fJol««n  io  fTi^.  r.V,ir,f  ]r^nA  ^w*    rxQ.«  ^^  fl^«  *^rt*..l  ^^^A^-^^r^A  'k/^;«o. 
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of  the  Oemwin  mining  diBtricts;  ^or  otoq  mental  purposes;  jewellery  j  and  0 
in  a  peculiar  pnxress  of  extracting  platinum  from  its  orea. 

Lead  ia  obtuncd  from  galena  either  by  the  precipitation  method  or  by  ix»a| 
The  former  process  is  based  upon  the  behaviour  of  metallic  iron  at  a  high  teinj 
ture  tovanls  gtilena ;  for  if  these  two  feubstancos  are  heated  together  the  r«a 
the  formation  of  sulphuret  of  iron  and  metallic  lead  (rb8+  Fe  ^  FeS  +  Pb), 
oordingly,  the  precipitation  method  consiata  in  Bmclling  the  galena,  previously 
fi^m  gangue,  with  granulated  iron  obtained  by  pouring  molten  cast-iron  in  i 
stream  into  cold  water.  The  operation  is  carried  on  in  a  shaft  furnace ;  the  i 
ia  the  fonnation  of  metallic  lead,  and  of  a  lead  matte  consisting  essential ly  a 
phuret  of  iron  I  undecomi)osed  galena,  and  sulpliuret  of  copper.  8omt»tLiuci 
ores  and  sla^  of  ironworks  are  applied,  in  which  case  the  oxygen  of  these  subl 
aids  the  di*Bulph«rationa  ' 

The  faruace  in  use  for  the  flmdting  ia  represented  in  figures  25,  26,  and  27.  »l 
shaft ;  c,  n,  the  hearth  and  crucible^  which,  as  exhibited  by  tlio  cut,  is  partly  outsi 
fiimai^e.  Bv  means  of  a  chanael  the  iin>lt(^n  metal  can  bo  run  off  from  n  into 
crucibh:-.  The  gases  and  vapoui-s  provious  tct  their  esca|)e  into  the  ohlnmey,  T, 
to  pass  through  the  flu«3s,  as  indicated  by  the  urrows,  in  order  that  any  solid 
containing  lead,  wlvich  the  blast  at  o  might  c&rry  off!,,  may  be  arrewted.  The 
Iroai,  previously  WBshf3d,  are  placed  ia  alteruatu  liiLyers  in  the  furnace.     The  pi 

Fte.  25,  Fio.  26* 


Fig.  27 


^ 


the  smelting  collected  in  n,  are  lend,  containing  silver  find  lead  matte,  the  latter 
about  30  lbi«.  of  load  to  the  cwt*  th«  former  cornet iiues  3   lb«,   of  «dvtT  tu 
quantity,  whUe  copper  abuj  may  be  present.     This  lead  matte  ia,  aeoonhng  to 
atitiarnt'^,  Hther  worked  up  for'eementation^copper,  or  added  to  other  alags 
lend  n  6mclt.e*l. 

c"  ^        Thia  process  is  based  upon  the  behaTiour  of  oxide  of 

the  sulphate  of  that  oxide  towards  galena,  and  is  effected  on  a  1 
reverboratory  furnace.     By  the  action  of  the  oxygen  of  the  air  at  a  h  n[ 

Upon  gjilena.  a  portion  of  this  mineral  is  c<L»n verted  into  oxide  of  lead  and  »til|ii 
acid,  while  sulphate  of  lesul  ia  simultaneously  fonued.  By  the  oxygen  of  the  si 
and  of  the  oxide  the  sulphur  of  any  undecomposed  galena  is  oxidise*!  and 
(3Pb04-  Pb8—  4Pb  -f  ^Oi-^-  O;  PbSO+H-  Pl^S=  2Pb-f-  aSOa).    If  then* is- 
durii^g  the  roasting  any  excess  of  galena,  there  is  formed  a  subsulpbide 
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oTR  whiob  a  sm«U  qokatity  of  inotallie  lead  is  obtainod  hf  liq^uatioD,  while 
Inc  V'f-omcs  a  higher  milphiirot  (aPbaS— iFbS  +  2Pb). 

Tiicess  of  leiul  fHu'lting  bj  roasting  and  liquation  ia  based  njwn   the 

rilvxl,  *iid  in  carrif^  uii  in  u  funmoe  exhibited  in  Fig,  2$.     The  bcarth* 

111  Vutilt  ujioii  u  nmii^ivo  wall,  in  arranged  to  slope  in  aU  direetirma 

Jiron^h  win  oh  the  lead  runs  off  into  a  cast-iron  ptiri  net  in  a  niche. 

'♦■   ^^ r., »,.,,. ^  t.  r  fi,-,  4^^orH»  three  on  each  side  of  the  building. 

<n  the  hciirth.    Every  siJt  or  aeven  haura 

I''  conHimiptioii  of  fuel  amoruit*  to  about 

i-i.^  tijiic,     <  n  to  Bpw*ud  the  orr' uniformly  over  the 

f  iTif,  thf!  h.  iftlly  incrt^asod,  the  d<K>r8  of  the  furnace 

Tir    tiiMjrti  are  opem^  !*ufHeiently  to  TentUate 

re  nj^ain  cV*»f^l,  and  the  licat  increased  until 

...■ ..idea  and  runs  otf  to  the-  lowest  level,  bo<?OTno8 

•  '  aiidition  of  rtuor-spar,  almost  perfectly  fluid.     This  point  havlniur  been 
r  layer  of  dlAg-  ia  run  off,  at  onco  cooled  with  water,  aud  ihua  ^Udified* 
Pio.  aS. 


iikffiB  f/mird  will  ,       ,,    ,  .  ind  eontiiizu  iibont 

*T].»rr<iit  of  lt!}id.     kSjuie  »mall  coal  ia  now  cast  into  the  hoaHJv  in  order  to 

►"liil^fy  th#'  ly  aU|^  which  covers  the  lead,  after  wliieh  the  tup-hole  is  0]>eued 

^1  tbn  mw  lead  run.  otf  into  the  iron  pian,  previoualy  heated  so  iM  to  keep  the  metal  in 
AnnUnitftaee. 

The  mctAllic  load  obtained  as  described  is  by  no  means  pur^,  usuaDy 
J Mlv»?r»  copper,  autiruony,  arsenic,  and  other  metiLU  acconliii^  to  the  purity 
»ore.  Tlio  sepumtion  of  the  silver,  when  in  sulHtient  qimntity  to  repay  the 
Q|*aij»of  extmction,  will  be  spoken  of  under  Silver  ;  but  one  of  tbo  by-products  of 
^m  of  the*  luethods  of  extracting  that  metal  is  litharge;,  oxide  of  lead,  which  ia 
Mil  ,,  I  .,,.,>rht  into  commerce  assruch  or  reduced  again  to  metallic  lead  by  a  prooeaa 

'^'u^Hi'*  ***  This  process  is  pursued  in  a  reverboratcirj^  furnace  by  placing  on 
(ktiiearth  a  mixture  of  litharge  and  small  coaL  Tho  lead  rr'f*(dtinL^,  known  as  hard 
M,  In  diiitriMlisUnction  to  tho  soft  lead  obtained  from  roll  nod  lithiirge,  is  usually 
fiftt  qxdim  piifo.  In  oirler  to  give  some  idea  of  tho  compoj^ition  of  the  vanood  kinds 
of  Itiid  as  obtainied  at  Freiberg,  Germany,  we  quote  the  following  results  of  analyses 
^-  ^'^  Bidch :— 


Antimonial  lead- 

Raw  lead. 

Befined  lead. 

Hard  lead. 

Mablni, 

liU^rliok 

977Z 

99' 28 

87-60 

1076 

87*60 

136 

0*16 

7-90 

r28 

0.40 

-.72 

trnf  es 

2.80 

7'3t 

ii*6o 

7 

0*05 

traces 

o't3 

tracjes 

0-23 

0,25 

0^40 

o'J5 

traces 

0-49 

0*53 

— 

-^ 

— 
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pr..p^rti«ofi.«id  The  colour  and  jrenpral  phywcol  propertie8  of  this  metal  are  t(H>  well 
known  to  require  detailt-<l  notici'.  Leud  aH^umeH  a  crystalline  form  i^iith  diffieiiltv,  but  it 
is  uljtaincil  in  that  >tattr  in  a  combination  of  cubes  and  octahedra  by  8ume  metallurgical 
pnK'«s>*s.  <.//.,  l*attins«ju's  nu'tluKl  of  silver  extraction.  Lead  isu  when  rr-fined.  a  very 
Hoft  and  trartable  metal ;  its  absolute  cohesive  strenfrth  is  Huall.  When  freshly  cut  it 
exllibit^  a  -tn-nir  m«.'talU<;  lustn*.  but  tami>he8  nipidly  on  exposure  to  air.  If  handled  it 
dirtie.-*  the  ^kin,  and  ^'ive**,  when  rub]H."d  tm  pai>er,  linen,  or  cotton,  a  pluiaba>ro-coloured 
mark.  Its  j.p.  ;rr.  i>  1 1-37  :  i  cubic  fu<jt  weijrl;s  alH)ut  600  lbs. ;  i  cubic  metre,  1 1,370  kilos. 
In  addition  to  tlie  imtallic  impuriticH  usuiilly  pres*-nt  in  lead  and  already  alluded  to, 
8ume  of  its  oxidv  is  rommiiidy  mechanically  mixed  ^lith  it,  impairing  its  malleability  and 
ductility,  Imt,  on  tl>«-  other  hand,  increasing  its  resistance  to  pressure.  Lead  Itelon^n  to 
the  most  nadily  fu-ibb-  metals,  fusinjr  far  b«.*low  red  heat,  at  ^32** ;  on  cooling  it  wmtrarts 
and  assume.-,  a  C'»iii?ave  .-urface.  L«-ad  is  volatilised  and  Ixjils  at  a  strong  -white  heat,  air 
being  exrlu'h.-d.  It  i^;  not  well  suitt-d  for  being  worked  with  files  or  cold  chitiebi,  the  fonuer 
becomintr  cloggul,  and  tlie  hitter  blunt.  Slit-et  lead  is  cut  with  knives  of  well-tempered 
steel,  llii-*  metal  d«K^  s  not  take  up  more  than  about  1*5  per  cent,  of  zinc  :  0*07  percent  of 
iron,  and  ratlier  more  oi»pper,  but  alloys  readily  with  tin,  bi>muth,  and  antimrtny. 

APi.iir«ti..n-...f         l-.<ad  is  iMuplovcd  in  a  variety  of  ways  in  buUding.     It  is  much  iL"H?d  for 

MitH.iuLtad.  tlie  K-adrn  chambers  of  sulphuric  aeid  works,  and  for  tlds  purpo.^e  should 
be  a>  fiec-  as  p«»siblo  from  any  imi)uritie'*  or  fortugn  metals,  aU  of  which  impair  the 
resi.ftance  nf  tlio  sh'-ets  of  lead  t<.»  the  acid  vapours,  and  cause  the  metal  to  become 
gradually  ]>»  rforat^^l  with  Imles  and  cnicks.  Tlie  metal  is  further  employeil  for  lefldpn 
pan-*  and  tither  apjjanttus  in  chemical  manufactories,  for  gas-  and  water-pipes,  for  rifle 
ball«i,  and  for  many  other  puriM)ses  too  numerous  to  be  here  specified. 

Maiiufa  tureof  ijiii.t.  llus  maiiufaetiire  consists  of  five  distinct  operations,  viz. — (i)  the 
meltincr  of  the  Lad :  .'2;  the  gnmulation  of  the  molten  metal;  (3)  the  .sorting  of  the  grain 
of  various  sizes:  ''4}  separation  of  irregiUarly-shaped  shot;  and  (5)  the  pidishing of  the 
shot.  Le;ul  intended  f<»r  this  nutnufacture  is  never  required  to  be  pure,  and  arst-nio  is  pur- 
I)osfly  adfled,  ImcaiLSf.'  exporic^nce  has  taught  that  this  addition  improves  the  .-spherical  whape 
of  the  shot,  llie  rjuantity  of  arsenic  dttpends  upon  the  quality  of  the  lead,  but  variei»fmm 
0*3  to  08  per  c<iit.  :  t(M3  mu(;h  causes  an  irregular  shajic,  and  too  little  has  the  same  defect. 
The  ars<.'ni(;  is  a«lded  either  as  arsenious  a<'id,  in  which  case  the  lead  is  melted  under  a 
layer  of  powdered  chiirc^>al,  or  metallic  arsenic  wrjippetl  in  a  juece  of  pajxT  is  intrudored 
undi.r  the  surfac^e  of  the  molten  had  by  means  of  a  suitable  pair  of  forct^ps.  The 
granidation  of  the  h'ad  is  obtained  by  the  u.se  of  a  shallow  sieve-like  inm  visk'I, 
teilinieally  teniuMl  a  card,  i)rovided  with  holes  of  regidar  size.  Tlie  dross  and  scrapiii;.'i« 
fn>m  former  >in«ltinjrs  are  not  removed,  as  they  prevent  the  lead  running  tott  readily 
throu^rh  tli«h«»le<.  llir?  oinration  of  granulation  is  carried  on  in  shot  towers,  the  card 
with  the  moltt-n  ha*!  lH?ing  at  the  top,  the  nu'tal  assuming  a  spherical  shape  while  falling.',  j 
The  small  sphens  or  dr«>i)S  Jire  lolleetetl  in  water,  t«)  every  100  parts  of  which  0025  partn  ' 
of  suljdiide  (it"  Sfxlium  is  added  in  rmler  to  coat  the  metal  with  a  small  quantity  oi 
sulj>hide  of  le.id  :nid  prevent  it?,  oxidation.  Shot  is  aKo  made  on  an  entirely  ditfiTi-nt 
plan  emlH>ilyin;r  till-  ai)i>lieation  of  centrifugal  foree.  Tlie  molten  metal  is  forced  with 
great  speed  thnMiu'h  ojx'uings  in  a  centrifugid  nuichine.  making  1000  Povidution*  I*r 
minut«',  thi-  ^hot  or  particles  assuming  a  spherical  shape  by  reason  of  the  great  force  of 
impact  with  tlie  air  near  the  matrhine.  'llie  .sf.)i-ting  of  the  shot  is  effecte<l  l)y  variously- 
sized  sieve-,  and  the  separsition  of  the  imjierft-ctly-shaiMtl  gniins  is  obtained  by  cawing 
the  shot  to  run  <»ver  a  long  slightly  sloping  tabh»  ]>rovi<led  with  h^lges  of  wo<xl  to  prc-vent 
the  shot  fallin;r  oft"  sidtiways.  Only  the  perfwtly  spherical  grains  of  shot  reach  the 
lower  end  of  tlie  table.  La^^tly,  the  shot  is  jwlished  by  placing  100,000  parts  by  weight 
of  shot  and  6  ] tart-- by  weight  of  graphite  together  in  a  cylindrical  iron  vessel* made  to 
rotate  slowly  on  a  Intrizontal  axis.  In  this  countr\'  simie  manufacturers  prefer  to  u«?  an 
amalgam  of'  tin,  or  >iin}dy  mercury,  instead  of  graphite,  for  pcdishing.  The  loss  of  Itld 
in  llie  manufacture  of  sli»)t  ami)uut>  to  about  2  per  cent.  The  sizes  and  tnuh*  names  of 
the  several  kiinl-.  of  A\nX  vary  in  dilierent  countries ;  in  Grennany  No.  o  is  the  large^t  and 
No.  10  the  small e.-t  size. 

\\\»^%  of  Lf^.  Tlu?  following  alloy.s  of  lead  in  daily  use  are  made  on  a  large  scale : — 
Soft  lead  sohb-r  as  used  by  tin.smiths,  Ofjiial  parts  of  lead  and  tin  ;  the  aUoy  iis^nl  for 
organ  ]up«'s,  usually  96  jiarts  of  lead  aud  4  of  tin,  but  often  more  tin  is  added ;  white 
metal  alloy  for  doriujstic  utensils,  as  cofTtn;  and  tea])ots,  consists  of  lead,  antimony, 
and  tin  ;  alloy  for  ships'  nails,  3  part*?  tin,  2  i)arts  lead,  i  part  antimony.  The  lead 
used  by  tlie  Chinese  for  lining  tea-chests  cunsi^jts  of  126  parts  lead,  17*5  parts  tin, 
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i'25  i)arts  copper,  with  a  trace  of  zinc.     Other  alloys,  such  as  type  metal,  will  be 

spoken  of  presently. 

Peepaeations  of  Lead. 

Oxide  oTLnd.       This  substanco  is  commerciaUy  employed  in  two  different  forms,  viz., 
as  massicot  or  as  litharge. 
xaaieoc       Massicot,  or  yellow  oxide  of  lead,  occurs  as  a  yellow  or  ruddy-coloured 
powder,  obtained  either  by  heating  carbonate  or  nitrate  of  lead,  or  by  calcining 
metallic  lead  on  the  hearth  of  a  reverberatory  furnace.     Before  chromate  of  lead 
was  known,  massicot  was  used  as  a  yellow  pigment.     At  red  heat  this  substance 
fuses  and  becomes  glassy.     In  most  instances  it  is  not  a  pure  oxide  of  lead,  but 
mixed  with  silicate  of  lead,  the  fact  being  that  oxide  of  load  at  a  red  heat  strongly 
attacks  any  material  containing  silica,  dissolving  the  silica  and  combining  with  it. 
uihus«.        Litharge  is  a  fused  crystalline  oxide  of  lead,  and  is  obtained  as  a  by- 
product of  the  separation  of  silver  from  lead  in  the  process  to  be  fully  described  under 
Silver.     Litharge  always  contains  a  larger  or  smaller  quantity  of  oxide  of  copper, 
oxide  of  antimony,  traces  of  oxide  of  silver,  and,  according  to  Dr.  Wittstein,  metallic 
lead,  varying  in  quantity  from  1*25  to  3*10  per  cent.     The  oxide  of  copper  can  be 
removed  by  digesting  the  litharge  with  a  solution,  cold  of  course,  of  carbonate  of 
tmmonia.  Litharge  absorbs  carbonic  acid  from  the  atmosphere,  combines  at  a  higher 
temperature  with  silica,  forming  with  it  a  readily  fusible  glass,  is  soluble  in  acetic 
and  nitric,  and  also  in  very  dilute  hj'drochloric  acids,  and  is  equally  soluble  in 
boiling  solutions  of  caustic  potassa  and  soda.     It  is  insoluble  in  carbonate  of  am- 
monia and  in  the  carbonates  of  potassa  and  soda.     Litharge  is  largely  used,  entering 
into  various  compounds  for  glass,  so-called  crystal-glass,  flint-glass,  strass  for 
imitating  jewels,  for  glazing  pottery  and  earthenware,  as  a  -flux  in  glass  and 
porcelain  staining,  for  the  preparation  of  boiled  linseed  and  poppy-seed  oil,  for 
the  preparations  of  load-pla.ster,  putty,  minium,  red-lead,  and  acetate  of  lead.     A 
solution  of  oxide  of  lead  in  cauetic  soda  lye  is  applied  in  the  preparation  of  stannate 
of  sodii ;  this  solution  is  also  used  for  imparting  to  combs  and  other  toilet  articles 
made  of  horn  the  appearance  of  tortoise-shell  or  of  buffala  horn.     A  very  dilute 
solution  is  used  as  a  hair-dye,  and  again  in  metallochromy  to  produce  iridescent 
colours  on  brass  and  bronze. 

xtBiam.  iud-Lc«d.  Red-lead  is  a  combination  of  oxide  of  lead  with  a  superoxide,  the 
foraiula  being  Pb3r)^.  Red-lead  of  excellent  quality  is  largely  manufactui'ed  near 
Newcastle-on-Tj'ne,  by  carefully  heating  oxide  of  lead  in  a  reverberatory  furnace 
expressly  built  for  that  purj)O80,  the  access  of  air  being  limited  so  as  to  prevent 
the  fusion  of  that  portion  of  the  oxide  which  cannot  then  be  converted  into 
minium.  Sometimes  metallic  lead  is  oxidised  in  a  reverberator}'  furnace,  the  pro- 
cess, as,  for  instance,  at  Shrewsbury,  being  so  arrang«Kl  that  at  the  hotter  places  of 
the  furnace  massicot,  and  at  the  cooler  red-lead,  is  produced.  The  finest  coloured 
minium,  or  Paris-red,  is  obtiiined  from  carbonate  of  lead  by  the  same  method. 
According  to  Mr.  Burton's  plan,  sulphate  of  lead  is  heated  with  Chili  saltpetre, 
and  after  the  mass  has  been  exhausted  with  water  the  red-lead  is  left,  while  sul- 
phate and  nitrite  of  soda  are  dissolved.  Red-lead  is  used  for  a  variety  of  purposes, 
many  similar  to  the  applications  of  oxide  of  lead.  Besides  being  applied  as  a 
cement,  when  mixed  with  linseed-oil  and  mastic,  for  the  flanges  of  steam-pipes,  it 
chiefly  enters  the  market  as  a  pigment,  being  for  that  purpose  either  mixed  with 
water  or  with  linseed-oil,  in  both  instances  covering  extremelv  well. 
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Superoxide  of  Lead.  When  Hid-lcad  is  treated  with  moderately  stronfl:  nitrio  acid,  there  an 
fonncd  nitrate  of  protoxide  of  lead  and  superoxide  of  that  metal,  Pl>0^,  a  hrown-colourod 
powder  largely  UHed  in  the  composition  of  the  phosphorus  mixture  for  lucifer  mstohea. 
The  mixture  known  in  lucifer  match  works  as  oxidised  minium*  is  a  dried  compoflition, 
consisting  of  nitrate  of  protoxide  of  lead*  superoxide  of  h>ad,  and  undecomposed  rod-lead, 
and  obtained  by  drying  a  magma  of  minium  and  nitric  acid. 

^'""^'"Uf'SLf'^'^*^'  Among  the  salts  of  load  eraployod  industrially,  the  following 
are  the  most  important : — 

lecutc  or  Lead.       This  Sult, 

consists  in  loo  parts  of :— Oxide  of  lead,  5871;  acetij  acid,  27*08;  water,  I4'2i. 
It  crystallises  in  four-sided  columnar  figures ;  is  soluble  in  i  '66  parts  of  water  and 
8  parts  of  alcohol.  When  submitted  to  dry  distillation  it  yields  neutral  carbonate 
of  lead  and  accton,  which  volatilises.  When  heated  with  sulphuric  acid  it  yioldi 
acetic  acid,  sulphate  of  lead  remaining  in  the  retort.  Acetate  of  lead  ia  prepared 
by  heating  litharge  or  massicot  '^'ith  rectified  vinegar,  or  with  wood  vinegar,  ip 
leaden  or  in  tinned  copper  pans.  The  clear  liquid  is  decanted  and  ovaporatod,  and 
then  loft  to  crystallise  in  porcelain  basins  or  in  wooden  tubs :  100  parts  of  litharge 
yield  150  of  acetuto  of  lead.  This  salt  is  largely  used  in  dyeing  and  calico 
printing,  in  obtaining  r<.*d  liquor  or  acetate  of  alumina ;  and  for  tho  preparation  of 
varnishes,  white-load,  and  chrome-yellow.  We  shall  speak  of  sub-acetate  of  lead, 
tribasic  acetate  of  lead,  when  considering  the  manufacture  of  w}\ite-load. 

chromaie  of  Lead.  The  basis  of  chromate  of  lead,  and  indeed  the  substance  from  whidi 
all  chromium  preparations  are  derived,  is  the  chrome-iron  ore,  consisting  mainlyof 
protoxide  of  iron  and  oxide  of  chromium  (FeO,Cr203.  or  CraFoC.^).  It  is  a  magnetic 
iron  oro4  isomeric  sesqui-,  or  per- oxide  of  chromium  having  been  substituted  for  tlu 
peroxide  of  iron,  but  tho  mineral  varies  in  composition,  often  containing  consider- 
able quantities  of  aluminia,  magnesia,  and  protoxide  of  chromium.  It  is  met  tritk 
interspersed  throu«rh  very  hard  metamorphic  rocks  in  some  parts  of  Scotland,  in 
colour  a  stoel-groy  or  pitchy  black.  Its  value  for  industrial  ])urpose8  depends  upon 
the  quantity  of  oxide  of  chromium  it  contains ;  and  according  to  M.  Clouot's  analysis 
(1869)  the  following  chrome-iron  ores  contained  the  quoted  quantities  per  cent*  of 
chromic  oxide : — 


Chrome - 

iron  from  Baltimore 

45 

>» 

»,     Norway 

40 

»» 

,,     France 

37- 

-51 

>} 

,    Asia  Minor 

53 

>» 

, 

,     Hungary 

31 

»» 

,     Oural  (Russia) 

49.5 

>» 

,     California 

425 

'i?pSii:r'^"""''*    This  salt. 

CrO.j 

CorKaCrO^, 

*s  prepared  by  heating  chrome-iron  ore,  previously  pulverised  and  cleansed,  with 
carbonate  and  nitrate  of  potassa  on  the  hearth  of  a  reverberatory  furnace.  The 
^*ygon  of  the  salti)etre  cause  the  higher  oxidation  of  tho  protoxide  of  irto  and 
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of  chromium,  the  latter  being  oonyerted  into  ch2X)mic  acid.  The 
dntered,  not  molten,  mass,  is,  after  cooling,  again  ground  up  and 
h  boiling  water,  and  also  boiled  for  a  time  to  extract  the  neutral 
potassa.  Wood  vinegar  is  added  to  the  solution  to  precipitate  the 
silica,  after  which  the  clear  liquid  is  evaporated,  until  a  film  of  saline 
ins  to  form,  when  it  is  loft  to  crystallise.  The  crystals  take  a 
form,  and  are  of  a  lemon -yeUow  colour,  readily  soluble  in  water,  but 
ilcohol,  and  having  a  great  tendency  to  become  converted  into  bichro- 
hromate  of  potassa.  This  conversion  of  the  neutral  salt  into  the  hi-,  or 
t  once  eflfected  by  the  addition  to  its  solution  of  sul})huric  or  nitric  acid. 
I  to  of  potassa  or  acid  chromate,  Ka^^TjOy,  crystallises  in  anhydrous, 
►loured  prismatic  crj^stals,  soluble  in  lo  parts  of  water.  This  solution 
stic  and  poisonous.  Wlien  heated  to  redness  the  salt  gives  off  oxygen, 
)  of  chromium  and  neutral  chromate  of  potassa  in  the  retort ;  the 
;  prepared  from  the  neutral  salt  by  the  addition  to  its  solution  of  either 
litric  acid,  preferably  the  latter  on  account  of  the  formation  of  nitrate 
liich  may  be  either  sold  or  used  in  the  manufacture  of  the  neutral 

lin  proposes  that  the  chrome-iron  should  be  inixcd  with  chalk,  and  the 
1  and  frequently  stirred,  then  cooled,  pulverised,  and  put  into  water,  with 

enoujfh  sulphuric  acid  to  produce  a  weak  reaction,  the  result  being  the 
t  of  chromate  of   lime,  wliich,  by  the  addition  of  the  acid,  becomes  the 

tliat  base.  The  sulphate  of  protoxide  of  iron  present  in  this  solution  is 
'  means  of  chalk.  In  order  to  ajnvert  the  bichromate  of  lime  into  the  cor- 
iissium  salt,  it  is  only  ne^c^ssary  to  add  a  solution  of  CHi*b<mate  of  potassa, 
ip:  of  course  the  precipitation  of  carbonate  of  lime,  and  the  exehangt)  of 
icid  from  the  lime  to  the  potassa.  According  to  Tilghmann's  process 
re  is  mixed  witli  2  parts  of  Hme,  2  of  sulphat(>  of  potassa,  and  heated 
o  twenty  hours  in  a  reverberator^'  fiuiiace.  The  same  inventor  suggests 
fhn'me-iron  on*  ivnth  powdered  feldspar  and  lime.  Mr.  Swindells  ignites 
li  fKiual  pai-ts  of  either  chloride  of  sodium  or  cliloride  of  potassium  to  the 
♦.'  wliite  hiat,  at  the  sam(?  time  exposing  the  mixture  to  a  constant  current  of 
•am,  the  formation  of  srxiium  or  potassium  chromate  resulting.  The  most 
rovcment  in  the  preparation  of  chromate  of  potassa  is  the  substitution  of 
itassa  for  nitrate  of  potiissa,  and  the  use  of  a  furnace  so  constructed  as  to 
rojKT  access  of  air  to  the  strongly  heated  mass,  the  oxygen  of  the  air  being 
I"  the  cliromic  oxide  to  eliromic  acid.     Another  improvement  is,  that  in  using 

alkali,  tlie  oxidation  of  the  chromic  oxi<le  is  gT(?atly  aciceWated,  by  reason 

•  is  ♦•:n{)l()ve(l  instead  of  potassa,  the  heated  materials  do  not  become  semi- 
biit  n'maining  pulverulent  admit  of  the  readier  access  of  air,  as  well  as 
sinking,  on  acromit  of  liiglier  specific  gpraWty,  of  a  portion  of  the  chrome 

:,tom  of  the  heai-th,  and  there  becoming  withdra^^rTi  fi*om  the  action  of  the 

w  Before  the  year  1820,  the  salts  spoken  of  were  only  used  for  the  pre- 

•  paration  of  clirome-yellow ;  it  was  then  a  very  expensive  procosi*, 
iiati(»n  of  the  chrome-iron  ore  with  nitrate  of  potassa  only.  At  this  date, 
li<<'ovore<l  tlio  applicability  of  bichromate  of  potassa  to  the  obtaining  of 
ically  t'/nned  "  dis<'harge  "  for  Turkey- red — a  madder  colour — a  discovery 
L>y  others  b^'aring  upon  the  useful  applications  of  this  salt,  among  which  are 
lip  chrome-yellow  and  (;hrome-orange  in  calico-printing,  the  chrome-black 

•  oxidation  of  <:atechu  and  Berlin-blue,  the  discharge  of  indigo-blue,  the 
ilm-oil  and  other  fatty  su])stances,  the  preparation  of  mixtures  for  the  heads 
L-hes,  the  preparation  of  chromate  of  protoxide  of  mercury  and  cliromio 
■coloured  pigments  in  glass  and  china  painting,  and  for  the  preparation  of 
a  peculiar  hydrated  oxide  of  chromium  : — 

(Cr,)J 


66  CHEMICAL    TECHNOLOGT, 

ohtaine<l  by  heating  i  part  of  bichromate  of  potaasa  and  3  parts  of  cryBtallified  boric  aoid, 
aud  UBod  im  a  pi<rinent  in  calico-printing.  As  might  be  expected,  all  these  discormM 
^ii\e  a  strong:  impulse  to  the  manufactlire  of  the  chromates  of  potaasa,  which  htTe 
recently  found  still  further  UHeful  applicationfl  in  the  obtaininjur  of  colours  from  coal-tar.  in 
the  manufiurtiire  of  chlorine  g^as,  in  clef  wiling  brandy  and  otlier  spirits,  and  in  the  purifi- 
cation of  wf.Kxl-vinegar  luude  from  the  crude  pjTfjlignoou«  acid. 

According  to  M.  J.  Persoz,  there  exist,  America  excepted,  only  nix  mannfactories  of  the 
chromntos  of  pf»tassa,  viz.,  two  in  Scotland,  one  in  France,  one  at  Trjiindhem,  Norway,  and 
one  at  Kiiznii,  near  the  Oural,  Russia ;  the  total  production  of  these  works  amounted  in 
1869  to  60,000  CWti^. 

cSmlSt? t" LTaX'  There  aro  in  technical  use  three  different  compounds  of  lead  and 
chromic  acid,  viz.,  neutral  chromate  of  load  or  chromo-yollow,  basic  chromate  or 
chromo-rcd,  and  a  mixture  of  these  two  salts  constituting  chrome-orange.  Thefint 
of  these  substaiKres  is  obtained  by  two  methods: — (i)  By  the  precipitation  oft 
solution  of  chromate  of  potassa  with  a  solution  of  acetate  of  lead;  or  (2)  by 
the  use  of  rsulphato  or  chloride  of  lead.  According  to  the  first  plan,  the  operation 
begins  Tinth  the  preparation  of  a  solution  of  lead,  for  which  purpose  granulated  leid 
is  j)ut  into  wooden  tubs  placed  one  almvo  the  other,  and  the  taps  each  tub  is  provided 
with  being  turned  off,  vinegar  is  poured  into  the  upper  tub.  In  about  ten  minutes 
the  tap  at  the  bottom  of  the  tub  is  opened,  and  the  contents  lot  into  the  seoond  toh 
The  openitiou  is  rcjx^ated  with  all  the  tubs,  four  to  eight  in  number,  the  olject 
simply  being  to  moisten  the  lead  thoroughly  with  the  vinegar,  so  as  to  cause  rqnd 
oxidation  on  its  sabaoquent  exposure  to  air.  The  metal  soon  becomes  coated  wift 
a  bluish-wliito  coloured  film,  and  when  this  is  apparent,  vinegar  is  again  poured 
into  the  topmost  tub  and  left  for  about  an  hour,  after  which  it  is  run  off  ioto  the 
second  tub,  and  the  operation  continued  until  there  is  obtained  a  saturated  solution 
of  basic  acetate  of  lead.  To  prepare  chrome-yellow,  enough  vinegar  is  added  to 
obtain  a  reaction,  and  the  fluid  left  to  deposit  any  suspended  sediment.  At  the  eame 
time,  in  another  tub,  a  solution  of  25  kilos,  of  bichromato  of  potassa  in  500  litreeof 
water  is  kejjt  in  readiness.  The  clear  lead  solution  is  next  poured  into  the  bichro- 
mate solution  as  long  as  any  precipitate  ensues.  This  precipitate  is  well  washed, 
and  usually  mixed  with  gypsum,  or  sulj)hate  of  barj'ta,  to  obtain  the  lighter  chrome 
colours;  finnlly  it  is  dried.  According  to  Liebig,  chrome-yellow  is  obtained  fium 
8ulj)hate  of  If '.id,  an  almost  useless  by-product  from  calico-printing-  and  dye-worke, 
by  digesting  it  witli  a  warm  solution  of  neutral  chromate  of  potassa.  The  depth  rf 
colour  of  the  insuing  yellow  pigment  depends  upon  the  quantity  of  sulphate  c^leid 
which  is  converted  into  chromate  of  lead. 

Dr.  llabich  .states  tlir.t  there  exist  two  binary  componnds  of  chromate  and  sulphate  rf 
lead,  tho  fonnulri ?  of  which  arc  :— PbSO^  +  PbCrO^  and  2PbS04  +  PbCr04.  The  fonner  il 
obtained  wlu  u  a  solution  of  bichromate  of  potassa,  previously  mixed  with  enough  gul- 
phurin  acid  to  cause  its  dissociation,  is  precipitated  with  u  solution  of  lead;  whfle  the 
hccorid  coiiijxnmtl  is  fonnod  if  the  quantity  of  sulphuric  acid  is  doubled.  According  fen 
M.  Anthon  a  iM-autiful  chrome-yellow  is  obtained  by  tlie  digestion  of  100  parts  of  freulf 
precij)itat''<l  chloride  of  lead  with  47  parts  of  bichromate  of  potassium. 

chromfr-ued.  Tljc  ])asic  chromatc  of  lead,  known  as  chrome-red  and  Austrian-oimalitrt 
PbCr0^4-  VhW^i  )^,*  is  a  re<l-colour«'d  pigment  much  in  demand,  and  obtained  from  tk* 
vellow  or  neutral  (.-liromate  of  lead,  eitlier  by  boiling  it  with  a  caustic  potassa  solutumiOr 
by  fusing  it  witli  nitrate  of  potassa,  the  effect  being  that  half  of  the  chronuc  acid  is  wit^ 
dra\\Ti  from  th«'  neutral  chromate.  Drs.  Liebig  and  WShler  state  that  chrome-red  is  be* 
obtainwl  by  fnsiii^r  together,  at  a  very  low  red-heat,  equal  parts  of  potassium  and  sodinia 
nitr;it<'s,  gradually  pjuring  into  the  fused  salt  small  quantities  of  chemically  pore  ydknr 


♦  Acoonling  to  Dr.  Duflos,  see  "llandbuch  der  Angewandten  Fharmaceutisch-Techniflbh 
Chomische  Analyse,  &c."  Breslau,  187 1,  p.  293.  the  formula  of  this  substance  is  2Fb0yCc0y 
and  the  dried  salt  does  not  contain  any  water  as  a  component  part 


LEAD,  67 

ite  of  lead.  After  cooling,  the  infloluble  chiome-red  is  well  washed  and  dried.  It 
a.  a  magnificently-coloured  cinnabar  like  crystalline  powder.  Professor  Dulong 
es  ohrome-rcd  by  precipitating  a  solution  of  acetate  of  lead  with  a  solution  of 
ite  of  potassa  to  which  caustic  potaasa  has  been  added.  The  yarious  shades  and 
es  of  chrome- red,  from  the  deepest  vermillion  to  the  palest  red,  are  caused  by  the 
ice  in  size  of  the  constituent  crystalline  particles.  This  fact  is  proved  bv  experiment, 
m  several  samples  are  uniformly  ground  to  a  fine  powder  the  result  is  the  production 
lif^>rmly  deep-coloured  hue.  In  preparing  chrome-red  of  a  deep  colour,  everything 
might  interfere  with  or  injure  the  crystallisation  has  to  be  avoided.  The  pigments 
rcially  known  as  the  chrome-orange  colours  are  mixtures,  in  varying  proportions,  of 
dc  and  neutral  chromates  of  lead,  and  are  usuaUy  made  by  boiling  chrome- yellow 
ilk  of  lime.  M.  Anthon  recommends  for  the  preparation  of  a  good  chrome-orange 
atment  of  100  parts  of  chrome- yellow  with  55  parts  of  chromate  of  potassa  and 
parts  of  cau.^c-lime  made  into  milk  of  lime. 

•Oxide,  or  This  substance,  Cr^O^,  is  used  in  glass-  .ind  porcelain-staining  as  a 
le-G.x^en.  eouleur  grand  feUj  that  is  to  say,  it  stands  the  most  intense  heat  provided 
icing  materials  are  allowed  to  affect  it.  It  is  conmierciallv  known  imder  the  name 
me- green  as  an  indelible  pigment  for  printing,  being  especially  employed  for  bank- 
It  is  prepared  in  various  ways,  the  finest  being  obtained  by  heating  chromate  of 
de  of  mercury,  but  this  method  is  far  too  expensive  to  admit  of  any  extensive  appli- 
Dr.  Lassaigne  heats  equal  molecules  of  sulphur  and  yellow  chromate  of  potassa, 
hau.Ma  the  mixture  with  water,  leaving  the  insoluble  green  sesquioxide  behind. 
Dr  Wohler  prefers  to  mix  the  yellow  chromate  of  potassa  with  sal-ammoniac,  to  heat 
xture,  and  afterwards  treat  it  with  water,  leaving  the  insoluble  chrome-green  as  a 
urder. 

ig  other  methods  of  preparing  the  anhydrous  sesquioxide  is  the  heating  of  an 
e  mixture  of  bichromate  of  potassa  and  charcoal.  The  hydrated  oxide  of  chro- 
aooording  to  the  formula  Cr^H^Oo,  is  met  with  in  the  trade  under  a  variety  of 
and  often  contains  boric  or  phospnoric  acids,  not,  however,  as  an  essential  consti- 
iee  Dr.  P.  Sohiitzenberger's  formula  on  p.  65  for  Guignet's-green),  but  as  a  remnant 
Tfect  prepsration.  This  hydrated  oxide,  the  pi-eparation  of  which  to  ensure  a  good 
is  rather  a  diflicult  matter,  requiring  very  careftd  manipulation,  is  known  as 
i-green,  Pannetier-gn:«en,  Matthieu-Plessy-green,  and  Amaudon-green.  The  pig- 
used  as  an  artists  colour  and  in  calico-printing  as  a  substitute  for  Schweinfurt- 
>ut  is  very  expensive. 

Alum.      This  salt,  t^-'  [  4S04-f-24H20,  is  obtained  in  i-ather  large  quantities  as  a 

net  of  the  manufacture  of  anilinc-Anolet,  aniline-green,  and  anthracene-red.  It  is 
dolet-coloured,  octahedrically  crystallised  substance,  now  used  to  some  extent  as  a 
t  in  dyeing,  for  rendering  gum  and  glue  insoluble,  for  waterproofing  woollen 
and  for  the  preparation  of  chmmate  of  potassa. 

Chloride.  This  compoimd,  Cr^Cl,^,  best  prepared  by  the  decomposition  of  sul- 
)f  chromium  by  means  of  chlurine,  constitutes  a  crj'stalline  A-iolet-ccjloured  mica- 
:erial,  employed  in  the  manufacture  of  coloured  paper  and  paper-hangings. 

»d.  This  very  important  preparation  obtained  from  lead  is  the  basic  car- 
of  the  oxide  of  that  metal,  its  formula  being, 

X 

ng  to  the  method  cm])loyed,  white-lead  is  commercially  known  as  of 
1  or  Dutch,  French  or  English  manufacture.  The  Dutch  mode  of  making 
Bad  is  founded  on  the  fact  that  when  metallic  lead  comes  in  contact  with 
ours  of  acetic  acid,  carbonic  acid,  and  oxygon,  at  a  sufficiently  high  tom- 
e,  the  metal  is  converted  into  basic  carbonate  of  the  oxide  of  lead.  It  is 
'ident  from  this  brief  statement  that  the  chief  conditions  being  fulfilled,  the 
3  of  operation  may  be  more  or  less  varied.  In  Holland,  Belgium,  and  some 
Germany,  the  lead — as  pure  as  possible  and  free  from  silver,  which,  even  in 
uantities  greatly  impairs  the  good  colour  of  the  white-lead — is  cast  into 
ips,  which  are  wound  in  a  spiral  and  placed  in  coarse  earthenware  pots. 
.)  Common  vinegar  is  poured  into  the  lower  part  of  these  pots,  some  beer- 
sing  added.    The  lead  is  then  placed  on  a  perforated  piece  of  wood,  so  as  to 


well,  and  is  preferred  to  that  prepared  by  the  wot  method.    We  may 
L  iii'pii^ing  that  it  is  th©  custom  in  this  couttti7  to  bring  white-lead  into  the 
J  with  linsood  oil  to  a 


h' 


j  ktnl  in  strong  oaken 

>f*tiK«d«f       This  method,   in- 
vented by  MM.  The- 
iho  elder*  and  Rourd^  is  not 
peneruUy  ttdoptc*d  in  Franco 
all   countries   where   it   is 
1R>  carry  out  &  really  sound 
tional    plan   of    white-lead 
kirtiinp.      The  TnothrnJ   is   aa 
t: — Litharge  is  diiwcdved  in 
arid  to  obtain  a  solution  of 
kcotate  of  l<*>iidt 

iTough  the  solution  a  cmrent 

Kpuic  acid  gsw  h  paBsed.  Two 

■^■of  oxide  of  lt*ud  are  cnn- 

B^^white-lond,  while  neutral 

F  *  remains »     Litliarg» 

|i^  I  to  the  solution  of 

lit,   and>  by  digestion,  more 

tut*?  of  It*iid  la  obtained,  which 

lied  na  just  described. 

•*         The     machinery 
at 


n 


TmP 


Ji-i 


SJJT***    and  eontrivanccd 
D«ir  Pans,  for  *-ffecting  the 

]Ti?-t   rxpUiintHl,  are  exlii-       i^     I     *l 
I  u   In  the  tub*  a,  tlio 

L  ulved  in  iict'tic  acid. 

M^  •timer,  move<l  by  meann  of 
■jl&jliown  in  the  engraving, 
^^■t  ttit?  top  a  pulley  for  the 
^^m  uolution  of  bu*fie  «oet«t« 
Id  can  lie  run  off  through  the 
'j*el  E,  madt'  of  copj>er 
idf«,  the  object  K'ing 
'ies  tlu^  solution 

ule.    Fitjm  K  the  fluid  is  led  into  the  decouipoaition  Tossel  con- 
tl  with  HiiO  tulw  *,  whicJi  paaa  from  the  top  to  a  dq>th  of  yz  oentima.  beneath 
vrl  of  the  tliiid.  These  tubes  are  in  communication  with  the  main-pipe,  gg^  which 
imuuicaV^  with  the  washing  apparutuw,  p,  answoriug  the  pui'po«e  of  purifier 
d  gas  geaerott'd  in  the  small  lime-kiln,  O,  by  the  ignition  of  a 
by  bulk  of  chalk  and  i  j»art  by  bulk  of  coke  with  suflieient  ftccess 
*mtion  of  the  hifdc  ucetute  of  lead  boing  tiniehed  in  from  t^^elve  to 
ft3i  11'.^  su|)ernatant  litiuor^  neutral  acetate  of  lead,  ib  run  oS  into  tho 
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flee  that  the  white-lead  of  commerce  is  not  so  simplj  oonstitatedi  the  fonoatioii 
Instrated  by  the  following  formula  : — 

L  2{^»H^}0  +  3Pb0=  {(^»Ht^,)»}o.,.PbHA; 

'^ . '  V ^ ; 

Acetic  acid.  Badic  acetate  of  lead. 

jj  (C,H^),  I  o^,2PbH,0,  +  2CO,  +  2PbCo3+  {  ^^^^l^  }  O^ 

' , .  . ^ , ^ , 

Basic  acetate  of  lead.  Carbonate    Neutral  acetate 

of  lead.  of  lead, 

'efore  evident  that  a  comparatively  very  small  quantity  of  acetate  of  lead  can 
ft  large  quantity  of  white-lead,  and  the  manufacture  01  that  material  would  be 
it  for  the  fact  that  white-lead  retains  some  neutral  acetate  of  lead,  and  that  the 
etic  acid  cannot  be  pnwjtically  avoided. 

id  tmm  M.  Tourmentin  prepares  white-lead  from  bamc  chloride  of  lead,  obtained 
rL«ad.  by  the  action  of  common  salt  upon  litharge,  by  mixing  that  compoimd 
«r,  passing  tliroujfh  it  a  current  of  carbonic  acid,  and  next  boihng  the  fluid  in  a 
in  with  powdered  chalk  imtil  a  test-sample,  when  filtered,  does  not  become 
I  by  the  addition  of  sulphide  of  ammonium.  The  white-lead  thus  formed  is  freed 
by  washing  with  water. 

rijje  of  Lead  Mr.  PattinsoD,  of  the  Felling  Chemical  Works,  near  Newcastle-on- 
e-iSad.**  Tyne,  has  proposed  that,  insteod  of  white-lead,  a  basic  chloride  (oxy- 
of  lead  should  be  used ;  and  he  prepares  that  substance  by  adding  to  a  hot  solution 
le  of  lead  (PbCl^),  containing  from  400  to  500  graimnes  of  the  salt  to  the  cubic 
equal  bulk  of  saturated  lime-water.  This  addition  causes  the  throwing  down 
impound  (PbCl^+PbH^OJ,  which  after  having  been  collected  on  a  filter  and 
A  oried  and  used  as  a  piginont.  The  chloride  of  lead  is  obtained  directly  from 
rhich  is  decomposed  from  leaden- vessels  with  strong  hydrochloric  acid.  The  sul- 
l  hydrogen  thus  formed  is  carriotl  by  suitable  tubing  to  a  burner  in  the  sulphurio 
nber,  the  resulting  sulphurous  acid  from  the  combustion  }x.'ing  used  for  the  pro- 
f  sulphuric  acid.  Pa ttinson's  white-lead  is  not  so  white  as  ordinary  white-lead,  ita 
rcing  to  yellow,  but  this  is  no  objection  where  white-lead  is  to  be  used  with  other 
la  the  less  so  as  Pattinson's  oxychloride  of  load  covers  well. 

pf  "When  uiiadidterat^d  and  well-made,  white-lead  is  an  exquisitely  fine  white- 
"*■  coloured  i>owder,  void  of  taste  and  nmell.  The  white-lead  of  commerce 
according  to  the  mode  of  preparation,  different  features ;  one  preparation  is  met 
lakes,  ha%'in«r  been  obtained  by  the  corrosion  of  thin  strips  of  lead  placed  in  pots, 
known  as  Krems-lead  is  pure  white-lead  made  in  thin  cakes  by  means  of  gum- 

riety  of  white-lead  known  as  jx^arl-white  is  blued  "v^ath  either  a  small  quantity  of 
•  Berlin-blue.  Tlie  white-lead  of  conmierce  has  frequently  been  made  the  object 
cal  analysis,  especially  by  Dr.  G.  J.  Mulder  and  M.  Griinebcrg.  Tlie  results  of 
rses  of  the  under-mentioned  samples  prove  the  correctness  of  the  formula  given 
The  numbers  refcT  to:-  i.  Krems  wliite-lead.  2.  Pi-ecipitated  by  the  Clichy 
nd  manufactured  at  Magdeburg.  3.  From  the  Ilarz.  4.  Another  sample  from 
5.  A  sample  from  a  chemical  laboratory  by  imitating  the  Dutcli  method  on  a 
?ale.  6,  7.  Samples  from  Klagenfurt,  CarjTitliia.  8.  English  lead  manufactured 
f  to  the  Dutch  method. 

86-25 
11-37 
2-21 
L'rtain  that  the  covering  properties  of  white-lead  are  dei^endent  ui)on  its  state  of 
ion,  because  a  loose  crystaluno  whito-lead  docrs  not  cover  nearly  as  well  as  the 
amorphous  lead  prepared  by  the  old  Dutch  method.  It  ai>pears  that  the  covering 
creases  with  the  amount  of  hydrated  oxide  of  lead.  This  is  proved  by  the  fact  that 
10  merely  choose  white-lead  by  its  covering  power  are  ofteii  misled,  a  fact  lat<'ly 
the  translator  of  this  work,  by  giving  to  a  man,  thoroughly  acquainted  with  white- 
<»mmercially  met  with,  a  mixture  of  carefully-prepared  and  dried  hydrated  oxide 
to  which  white  precipitate,  subnitrato  of  bismuth,  and  carbonate  of  bismuth  had 
ed.  The  man,  after  testing  a  series  of  samples  of  purposely-adulterated  white- 
of  which  he  detected  as  adulterated,  was  unable  to  speak  mth  certainty  of  the 
xture,  which  he  took  for  pure  lead. 
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14-45 
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(Sa  =  118  ;  Sp.  gr,  =  ^zB.) 
L  does  not  occur  naturally  in  a  metallic  state ;  it  is  found  na 
oxide  in  tinstone,  or  tin  i»rcs  8n0a,  containini^  79  per  cent  ot"  metal» 
F^ililphuret  of  tin  in  combination  with  other  tnet&Uic  sulplnirots  in  tin  pyritiLis, 
f  +  SnSa)  4.  2(FeS»ZnS),SnSj»  witli  26  to  29  percent,  of  tin.  Tin  ore  occurs 
intersperfted  in  veinfi,  in  syenitic  and  similar  rocks,  or  in  secondary  foramtions 
bed  from  water,  and  consisting  of  various  detritus,  when  it  is  known  as  «€(fer* 
ores  are  not  as  a  inilo  simply  composed  of  piire  oxide  of  tin,  but  contain  varioiia 
netallic  compounds,  among  which  are  Hulphur,  areenic,  zinc,  iron,  and  copper. 
l«  instances,  in  Cornwall,  Malacca,  Bancii,  and  Billiton,  tin  ore  is  met  with 
f  the  detritus  of  ancient  river-beds  in  a  verj^  pure  state,  since  the  mechanical 
^on  of  the  ore  from  impurities  has  been  perfonned  by  nature  itself,  and  as  a 
nexuse  these  ores  yield  a  purer  metal  than  the  ore  obtained  from  veins,  which 
undergo  dressing,  washing  with  water,  and  roasting,  previously  to  being 
d,  in  order  to  eliminnte  thearatnic,  sulphur,  and  antimony.  Tinstone  occurs 
ony  in  the  earlier  gratiitrc  formation.  The  ore  is  accompanied  by,  and  partly 
wilh>  wolfram,  molybdenum-glance,  fulphur,  and  arsenical  pyrites,  andbeura 
of  Zinnzwitter.  Fig  32,  I.  and  IT.,  represent  the  ftimaee  in  use  at 
I  Saxony,  for  smelting  the  roasted  tin  ore.     It  is  built  uf  granite  upoa  a 

Fio.  32, 


-  j,  and  is  about  three  metres  in  height,    A  is  the  shaft,  B  the 
^torn-stone,  consi.sting  of  one  single  piece  of  granite  scooped 
ctic^n  ^  in  communication  with  the  iron  cauldron,  c ;  while  the 

^o  blsst  ia  ir.,*,,cx.  tit  B.   The  ore,  mixed  with  coke,  coal,  or  charcoal,  and 
om  fonner  smeltinga,  is  placed  in  A  ;  the  reduced  tin  collects  first  on  the 
,  B,  and  rnns  thence  into  0.    The  metal,  however,  is  not  pure,  but  contains 
enio.     It  18  sepanited  from  these  impurities  by  a  process  of  lirjuation  ; 
>  tin  fusing  more  readdy,  oozes  out  and  leaves  behind  an  iilloy  of  iron  and 
r  with  greater  difficult}'.    The  metal  thus  obtained  is  very  pure,  containing 
as  much  as  o'  I  per  cent,  of  foreign  metals ;  it  is  known  in  the  trade  as  refined 
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tin.  Tho  slags,  as  well  as  the  alloy  remaining,  are  smelted  separately  or  togctha 
fur  tin,  and  tlio  result  brought  into  tho  market  as  block- tin.  In  Bohemia  and  Saxony, 
tin  is  cast  cither  in  ingots  or  in  cakes.  Banca  and  Billiton  tin,  a  very  pure  metal, 
is  cast  in  slabs.  If  tungsten  ores  occur  with  tin  ores,  there  is  groat  difficulty  in 
obtaining  pure  metal.  Tin  ore  found  in  Cornwall — and  this  county  has  3riolded  tin 
for  at  leant  2,000  years — has  to  be  smelted  according  to  the  ancient  Stannary  law*. 

propertictufTia.  Tin.  as  regardfi  its  colour,  approaches  the  nearest  to  silTer,  only 
differing  b^  a  somewhat  bluiHh  hue,  and  it  exhibits  a  high  metallic  lustre  tczj 
similar  t<»  silver.  It  is,  next  to  load,  the  fjoftost  metal,  yot  is  somewhat  sonorous,  for  if  a 
rod  of  tbi  b<;  free  Uy  swing,  and  is  jrently  tai>pod,  a  soimd  is  produced ;  iluH  is  not  tbe 
case  under  similar  etmditious  with  lead,  thus  proving  tin  to  bo  considerably  harder,  alw 
proved  by  the  fact  that  it  is  not  easily  neratr'lufd  with  the  nail.  The  Ixuding  of  a  xod  of 
tin  rauwt*  a  creaking  nois**,  wliich  is  tho  strongrr  tho  purer  the  tin.  Tin  is  very  mallpaU^ 
and  admits  of  beiiipr  l>oaten  to  vorj'  thin  foil,  but  it  is  not  a  very  diietile  metal.  When 
rubbed  lutwwn  tlio  tinjrers  it  imi)arts  io  them  a  jjeeuliar  odoiu:.  The  sp.  gr.  of  pare  tin 
is  7-28,  and  by  hammering  may  Ix;  increased  t^)  7*29  ;  a  cubic  foot  of  tin  weighs,  according 
to  its  inii'ity*  from  375  to  400  lbs.  Tin  fuses  at  228',  and  becomes  Vf'ry  brittle  wlwn 
heated  to  nearly  that  temi>eniture.  If  tho  metal  is  inttmded  for  aistinp-^it  is,  howerer, 
very  ran»ly  uhckI  in  a  jx'rfeetly  piux»  state  f<.>r  castings,  as  it  does  not  fill  the  moulds  well- 
its  metallic  lustre  and  degnv  of  eohesion  after  cwjling  entirely  deix-nd  upon  the  tempera- 
ture of  tht^  tin  at  tlie  time  of  casting.  If  too  hot  and  exhibiting  rdinbow  colours,  its  vol* 
face  will  api>ear  strip<?d  and  reddish-yellirw  after  cooling,  and  tlie  metal  will  be  brittle 
if  a>raiii  hruto<l  to  loo'  to  140"* ;  if  not  suflicicntlv  heated,  though  in  a  lluid  state, it  ii| aftei 
coolinjr.  dull  and  brittle.  The  gr<>atest  metallic  lustre  is  obtaim-d,  and  simultaneooaly  the 
greatest  e«.»ho8ive  strenjrth,  wlien  tho  surfnoe  of  the  metal  while  molten  exhibits  a  high  degree 
of  lustre.  At  a  wliite  heat  tin  lK)ils  and  volatilises,  air  of  course  l>eing  excluded;  for 
if  the  metal  bi-  ke])t  fuse<l  in  <ontart  with  air,  it  Ix'conies  ooveretl  with  a  grejish  coating 
of  i>rot<»xide  <»f  tin  and  finely-dividctl  metal,  tenned  tin-ash,  which  substance  when  the 
heating  is  (M»ntinued  becomes  converted  into  a  yollowisli-white  stauuic  oxide,  known  aa 
putty  powder.  Tin  by  exi)osure  to  air  gradually  loses  its  metallic  lustre,  but  is  by  no 
means  so  i-eadily  afft-ott'd  by  sulphurettetl  bydro^n  and  ammoniacal  vajMUirs  aa  feilver, 
and  is  usid  to  imitate  that  metal  in  tho  c(mstruction  of  lustres  for  gJis  lamps.  Arc. 

Application- of  Tin.  Now  that  cliina  and  earthenware  have  become  cheap,  and  other  allora 
are  u.s<'<l  f«.»r  spoons,  tin  is  not  so  frequently  in  demand  as  in  former  times  for  donurtic 
utensils.  Tin,  though  next  to  silviT  the  deai-est  of  metals,  is  met  with  in  quantities 
measuii'd  by  the  ton,  which  of  tin  vari*'s  in  i>rice  fnmi  £120  to  £iSo— copptT  being 
fnmi  .t'g5  to  £105 — and  is  hirgely  used  l>»ith  as  an  alloy  (for  those  with  copper 
see  under  that  metal\  and  in  a  i)ure  state  for  various  kinds  of  vessels  for  ]>hannaceutical 
and  chemical  oi>ei*ations,  for  wonns  of  distilling  apparatus,  for  the  working  parts 
for  dry  and  wet  gjis-meters,  and  for  block-tin  jiiives  for  conveying  ^jis  and  water,  4c 
However,  for  many  purjioses,  an  aUoy  known  in  this  countrj'  as  pewter,  of  lead  and  tin  in 
>*ar)'ing  pro]>ortious,  is  i>rt*fem»d,  InH-ause  this  compound  is  harder  and  stands  wonr  and 
tear  better  than  these  metals  separately.  An  alloy  of  lead  and  tin  is  ealltHl  abn»ad 
tiro-jwHHfi/t/  when  the  metals  are  prt\*i«'nt  in  equal  quantities,  and  thrre-jiutnn/fy  when 
oonsistiu^  of  2  }>tmnds  of  tin  and  i  oi  leail.  Tin,  eitlier  ]nire  or  more  or  li*ss  alloyed  with 
lead,  may  1h?  lK>aten  or  rolbnl  into  thin  sheets  and  foil,  and  applied  in  a  great  many  ways  I 
amou^r  whieh,  1  »ne  oi  i  he  ihirf ,  altlmugh  jmulually  Ix'ing  sui>ensede<l  by  a  pnK*ess  of  silvering, 
is  tiiming  or  amaljramating  miirors.  Tin-ft)il  is  also  used  for  the  packing  of  chocolate, 
soap,  eheese,  fniit.  Are.,  all  of  whieh  ke<'p  v*ry  well  imder  these  conditions.  Commercial 
silver-foil  or  h'-if-silvir  i>  an  alloy  of  tin  with  a  little  zinc:  in  combination  with  other 
metals,  vi/.  eopptr.  antinu>ny,  and  bi>muth,  in  var\-inif  but  wnall  quantities,  it  iHinstitutes 
a  composition  metal  usnlfor  making  teasj^^wn^and  other  similar  «)bji-cts.  Britannia  metal 
ci»nsists  of  10  jiarts  of  tin  and  i  of  antimony,  its  various  applioati<>ns  utv  wi'll  known. 

As  the  >iHeitie  gravity  of  tliose  metals  with  whieh  tin  is  puri^«si-ly  or  natundly  alloyed 
differ?*,  till-  deti'nninatioii  of  the  sj).  >rr.  is  a  nu  ans  of  e!»timatin,ir  th».'  purity  of  the  nii'taL 
The  iiiidennentionc»d  figures  illu.strate  this  in  tho  more  commonly  occurring  alloys  of  ti» 
and  loatl :  -- 
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FMEPARATIONS  OF  TIK.  75 

The  material  known  as  putty-powder  and  calcined  tin-ash  is  nsed  for  polishing  glass 
ind  metaK  and  for  producing  white  enamels. 

zbwiM-  By  this  term  we  understand  the  ooyering  of  other  metallic  surfaces  with  a  thin 
ind  adhesive  film  of  tin.  This  operation  only  succeeds  well  when  the  surface  of  tiie  metal 
o  be  tinned  is  quite  free  from  oxide,  and  when  during  the  operation  the  oxidiition  of  the 
oolten  tin  is  prevented.  The  former  requisite  is  attained  by  the  action  of  dilute  acids, 
nbbing  and  scouring  with  sand,  pumice-stone,  &c. ;  the  latter  oondition  by  the  use  of 
ither  rostin  or  sal-ammoniac,  both  of  which  cause  the  reduction  of  any  oxide  that  may  be 
»rmcd. 
TtaniBKorotpwr.BraM,     The  vessels  or  other  objects  intended  to  be  tinned  are  heated 

mad  suiiralie  inm.  nearly  to  the  melting-point  of  tin ;  some  molten  tin  is  then  poured 
ito  the  vessel,  and  brushed  about  with  a  piece  of  hemp  over  which  some  powdered  sal- 
mmoniac  is  strewed.  Pins,  hooks  and  eyes,  small  buttons,  and  similar  objcctn  are  tinned 
y  being  boiled  in  a  tinned  boiler  filled  with  water,  granulated  tin,  and  some  cream  of 
irtar.  The  tinned  objects  are  dried  by  being  rubbed  with  sawdust  or  bran. 
Tiaaed  Sheet-Iron.  This  well-known  material,  from  which  so  many  useful  objects  are  made 
V  the  tinman,  is  not,  as  is  frequently  supposed,  rolled  out  sheet-tin,  but  tinned  sheet-iron. 
fbe  iron  previously  to  being  covered  with  tin  is  thoroughly  scoured,  so  as  to  present  a 
lean  metfdlic  surface,  and  then  immersed  in  baths  of  molten  tin  covered  with  a  layer  of 
Qolten  tallow  to  prevent  the  oxidation  of  the  mctul.  On  being  removed  from  the  tin-baUi 
he  sheets  are  immersed  in  a  bath  of  molten  tallow  to  remove  any  excess  of  tin,  wiped 
irith  a  bniidi  made  of  hemp,  next  cleaned  with  bran,  and  packed.  Id.  order  to  obtain  iron 
severed  with  an  alloy  less  easily  fusible,  MM.  Budy  and  Lammatsch  add  about  |l^th  of 
nickel  to  tlie  tin. 

MiXn-MetBiiktiie.  When  tinned  sheet-iron,  technically  termed  tin-plate,  is  washed  over 
irith  a  mixture  consisting  of  x  parts  of  hydrochloric  and  i  part  of  nitric  acid  diluted  with 
3  parts  of  water,  and  then  cleaned  with  pure  water,  there  will  be  observed  a  peculiar, 
lomewhat  mother-of-pearl-like  appearance,  duo  to  the  crystalline  particles  of  tin,  produced 
by  the  rapid  cooling,  reflecting  the  light  imequally. 

Preparations  of  Tin. 

ato^'jjJj"™ ;  The  substance  known  under  that  name  is  in  reality  a  bisulphide  of 
tin^SuSa),  prepared  in  the  following  manner: — 4  parts  of  pure  tin,  with  2  of  mercury, 
m  amal«ramated  by  the  aid  of  a  gentle  heat,  and  introduced  with  2  J  parts  of  sulphur 
and  2  of  sal-ammoniac  into  a  flask,  and  boated  on  a  sand-bath,  at  first  p:ently  and 
then  gradually  increasing  to  a  full  red  heat.  First  the  sal-ammoniac  volatilises,  and 
ii'jxtinei*cury  in  the  shape  of  cinnabar  mixed  with  a  trace  of  the  sulphide  of  tin ;  while 
there  is  left  the  preparation  known  as  mosaic-gold,  furmiug  the  upper  layer  of  the 
remainin"'  contents  of  the  flask,  the  lower  portion  being  a  badly-coloured  sulj)hide. 
The  ruthnale  of  the  formation  of  this  peculiar  coloured  sulphide,  that  is,  j)eculiar  as 
re^anis  its  ])hysical  appearance,  is  not  quite  clearly  explained ;  the  compound,  more- 
over, mav  be  i)repared  without  mercur}'.  When  properly  prepared,  it  appears  as  a 
g^ilden-coloured  metallic  substance,  greasy  to  the  touch,  and  soluble  in  the  alkaline 
fiulphurets.  It  is  chiefly  used  for  imitating  gilding  on  painted  surfaces,  but  its 
emplovment  is  very  much  restricted  firom  the  fact  that  the  bronze-colours  are  more 
sati&fkctorv  in  result.   Indeed,  in  the  English  market,  mosaic-gold  is  almost  obsolete. 

TwMiL  hv  the  name  of  tinsalt  the  trade  understands  chloride  of  tin  (SnCb),  but 
the  commercial  article,  being  prepared  by  dissolving  granulated  tin  in  hydrochloric 
icid  and  evaporating  the  solution,  is  really  (SnCla  +  21X20).  According  to  M.  NoUner 
hvdrochloric  acid  gas  should  be  caused  to  act  on  granulated  tin  i)laced  in  earthenware 
receivers,  and  the  concentrated  tinsalt  solution  thus  obtained  evaporated  in  block-tin 
vess(?l8.  The  salt  oc<Jur8  in  the  trade  in  colourless,  transparent,  deliquescent 
cr\!!tals,  of  course  very  soluble  in  water.  The  aijueous  solution,  unless  acidulated 
with  more  hydrochloric  or  tartaric  acid,  soon  deposits  a  basic  salt.  Tinsalt  is  used 
chiefly  in  dyeing  and  calico-printing. 
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means  of  the  furnaco.    Tlio  fluid  metal  runs  out  iuto  b,  an  iron-pot  kept 

iontJy  hot  by  means  of  charcoal  to  provent  tho  solidifieatiott  of  tk©  metal,  and 

!y  fillfMl  with  charcoal -J  M»wf1or  to  prevent  the  oxidation  of  tho  motal.     The 

0  in  tho  iron  tube  b  diadiir^ed  inU)  the  water  which  filb  the  box,  B.     By 

ni*-th«»d  of  liquation  about  two- thirds  of  the  bismuth  C4:)ntaiaed  in  the  oro  is 

Biamuth,  as  has  boon  statod  (soo  Cobalt),  is  obtainod  as  a  by-i>roduct, 

the  refuae  of  the  refining  of  certain  silyor  ovm^  which  nx^  treated  with 

rochloric  acid,  the  basic  chloride  of  bismuth  being  precipittitod  by  water, 

rwanls  dried,  and  reduced  by  meana  of  soda. 

^TBtaBiwJiw  Bismuth  possesses  a  reddi^-whito  colour,  strong  metallic  lustre, 
cr\*»ta!ljne  texture*  It  is  hard,  but  eo  brittle  that  is  readily  pulveriBod,  yot 
cartful  tr<jatment  proves  to  bo  somewhat  ductile.  Its  fusion-point  is*  vjiriously 
I  by  \lil3erent  authors,  the  latest  detorminatiou  of  jjur©  mt-tal  in  an  atm*>»phere  of 
op?n  is  by  l)r.  van  Riemsdijk,  who  found  bismuth  to  melt  at  268 '3°  On  cooling 
uth  <^<xpAnds  very  considerably, 

« Sax<3fiiy,  ^  Peravian  bi.smuth  ;  composed  in  1 00  porta: — c  Bismnibi  c^v/ji  ;  unti- 
',  0625;  arwnic,  0*432:  cupper,  1*682;  8iili»hiir,  0*530,  3.  Bijaauth,  93*372; 
Msay,  4'570;  copper,  2  05 8, 

eit^or       Biftmuth  in  the  metallic  state  \n  chiefly  used  for  eertftin  alIor«.     Its  oxide 
«"»»*►•      enters   with  boric  ar*d  silicic  ttcidw  into  the  coinposiitioTi  of  homc  kinds  of 
imd  IS  UMC<1  for  porcelain-  aiid  glas>4*staiiiing'.     lliij  biwic  nitrat**,  or  mftfjixtfrif^m 
,.,1   f),,,  ,-.il,iMiatc  ftr*>  tiJMxl  m  nicflimic,  nnd   tho  former,  under  the  name  of 
1  by  liidieft  fur  pfttnttji;^''  uiid  bfatitifyiii^j  their  face*.     /Vmong'  the 
vith  lead,  tin.  and  (^admium  (n^yt  that  inctiUj^nre  the  moat  import- 
luLii  fuMUo  alloy  irt  composed  of  bL'*muth,  S  i>artfl ;  tin,  3  ;  load,  5;  and  melts 
Kr»^ee*9  fusible  nietjil  consists  of  2  parts  nf  biRiiiuth,  i  of  lead,  i  of  tin,  and 
75.     If  a  ssTnall  quantity  nf  cadTniiim  bt^"  added  to  those  aUoya  they  are  i^tjdcred 
Vttiily  fusible.     An  alh>y  c<im|)o«ed  of  lead  3  parts.  Un  2  part*,  bisiimth  5  part^t, 
ri6,  and  may  !)«  utMxl  for  Htere^jtj-piug  imrpo?*ei*,  hut  is  raUier  exppuiiii  ve.     This 
need  for  maMuK  tho  pjcket-b«>ok  metallic-pencil  ft>r  writinpr  on  paper  prepared 
isb.     Alloys  contniniiiK  lnj«imuth  wcrtt  ii^fxl  tm  *infrty*plu£^  in  Bteam-bctilers ; 
wt?re  srrewccl  into  one  or  rtViW  of  th*-  pi  1  I  t*>  the  force  oi  the  steam, 

♦r  ueur  the  steam-chest  or  dome,  tho  idc<i  the  pluffs  woiihl  melt  if  the 

e  of   the  steam  rose  hoyond  certain  linui->.     J.^|■♦•^ienoe,  however,  has  suffi- 
ed  that  thei^  plnga,  olthong-h  canefuHy  made,  did  not  act  as  a  real  preventative 


Zixc. 

Zii  =  65*2  J  Sp.  gr.  =  7*i  to  7*3) 
Af  HftCL  This  metal,  knowr*  only  a  comparatively  short  time,  is  never  found 
kt\  Imt  in  comi>i  nation  with  sul]»hur  (Zn?^),  with  67  percent,  of  metal,  under  tho 
of  bh'udo  or  bin  ok -Jack,  th^  ore  sometimes  containing  tracea  of  indiiun.  It  also 
Rm  combined  with  oxyjajen  hg  noble-cal amine,  carbonate  of  zinc,  or  zinc-spar 
OOj),  m-'itli  52  percent  of  zinc;  as  ordinary  calrimine-stone,  or  hydra  tod  ailicate  ot 
l^th  53 'S  per  cent  of  metal ;  as  red  zinc-ore  or  red  oxido  of  zinc,  frequently 
hiiiung  manganese ;  as  Gahnito  ( AIZUO4) ;  and  further  as*  an  admixture  with  other 

The  general  plan  is  to  roast  tho  ore  and  then  mix  it  with  the  roqui^ 
loantr  of  carbonaceous  matter  and  suitable  Hux,  care  being  taken  tbrit  the  latter 
not  ifive  rifle  to  thefoniuition  of  any  oxidisinj^  material;  for  instance,  if  the  oro 
xt9  lime  as  flux  to  take  up  tho  gangne,  calcined  limcrftone,  and  not  elialk  or 
tone  is  used.  The  action  of  the  fuel  is  aided  by  a  blast,  best  of  dry  air.  The 
lict»  of  this  mode  of  ti*eatment  artj:--i.  Metallic  zinc,  the  vapours  of  which 
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csondeaae  m  properly  constructed  and  Ci»ol  channels.     2,  Hot  gasee  usimlly  aippH^ 
for  heating  stciaDi-VMiilcra  or  other  purposee.    3.  The  iioii*Tola tile  matc^rlale,  \ 
and  flux^  »k^  with  mine  raotal. 

*'*'\rHS5i^^'^'"''      "^^'itJi  ^^^^  exception  of  cadmium,  zinc  is  the  most  ToUtile  of  \ 
reoflily  fusible  inetAls,  while  ita  melting-point  is  nearly  twice  the  number  <if  dt»^ 
of  that  of  tm,  tho  most  I'liaible  of  the  commercially  valuable  motala;  thiai  prop 
i»  utilised  in  extracting  tho  metal  from  it^  ores.     The  mcnio  of  distilhitiou  mriesf 
some  particulars  in  tho  three  cJiief  ^inc  producing  countries,  Silesia^  Bel^um,  i 
Bngland.    In  Silvia  and  Germany  the  ajiparatus  used  for  the  distillation  of  1 
consista  (see  Figs.  33,  34 »  and  35)  of  a  mufflLvshaped  fire-clay  retort^  the  ftrout  < 
mouth  of  which  is  pnmded  with  two  openings,  the  lower,  «,  being  closed  by  u  dw 


Fio.  34- 


Fra.  3S' 


which  is  opened  only  when  the  residue  of  the  distillation  ia  taken  out.     At  6,  t 
other  opening,  a  rectangularly  bent  tube  id  inserted,  provided  with  a  small  hole  at  < 
oloeed  by  a  plug  when  tho  operation  of  distilling  is  proceedings  and  by  which  thoe 
ja  mtrodueed  into  the  retort.  At  d  tho  molten  zinc  runs  off.  The  mufflea  are  ph 
to  the  number  of  from  10  to  20  in  a  fumaoe  (see  Pig,  36)  oonatructed  bfc 


somewhat  like  gas-retort  furnaces,  and  rest  on  what  are  technically  termed  1 
The  arches  of  the  furnaces  are  bo  constructed  as  to  concentrate  the  heat  titntfS 
hearths  placed  longitudinally.  The  metal  is  received  in  crucibles  placed  in  the 
rece-asea,  it.  As  the  first  portion  of  the  metal  and  oxide  carried  over  containa  nearly 
all  the  cadmium  existing  in  thn  ore,  that  poi-tion  is  kept  separate  for  the  purpose  wf 
extracting  cadmium.  At  the  outset  of  the  distillation  tho  condensation  room,  ^ 
cool  that  the  vapours  of  the  zdnc  become  solid  without  agglutination,  that  is,  r. 
finely  tlividod.  This  product,  though  of  course  containing  oxide,  frequently  yieida 
98  per  cent,  of  metallic  zinc.  Afterwards  the  metal  carried  over  ia  what  ia  termed 
drop-zinc,  that  ia  to  say,  the  liquid  nins  off  in  a  molten  state.  This  crude  xinc  i» 
refined  by  another  smelting,  and  comes  in  the  market  ia  alabs  about  2  iiichoe  thick 
by  10  long  and  5  to  6  wide. 
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KNfc  At  the  oolebrftted  Mc-works  of  Yieillo  Montjigno,  near  Li^ge^ 
c  ore  is  distilJed  iu  tubes.  These  tubes  are  placwl  in  rows  in  a  slaDting 
y  are  made  of  fire-day,  i  metre  in  kmgtb  by  i8  toiitims.  width  and  5 
«.  thickBeas  (s<je  Fig.  37),  and  closed  at  one  end;  the  open  ends  are  flu^h 
c  fn^nt  brickwork  of  the  funmee.  in  order  that  the  char^  of  ore,  flux,  and 
ttieoiL9  matter  may  bo  introduced.  Fig.  j8  exhibits  a  cast-iron  coniciilly- 
^k,  25  centime,  long,  and  Fig,  39  a  sheet-iron  tube  ao  centixus*  long,  both 


Fro.  37. 


Fig.  3S. 
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1  aiv  fostened  to  the  fire-clay  tube  to  receive  the  volatiliised  metal.  A  yertical 
l^ihe  Beljrian  furnace  used  for  the  distillation  of  zinc  is  shown  in  ¥ig.  40, 
^■Ddc  of  placing  the  tubes,  the  closed  ends  of  which  rest  on  a  projection  of 
^Vork.  The  ortt  is  first  calcined  in  a  shaft- fiim ads  and  tlie  charging  of  the 
^^y  tuke^  place  every  morning  at  six  o^dock,  when  the  fire  is  rather  low. 


Fia.  40. 


JiSLJ*"*  T^^  zinc-smclting  as  carricMi 
l^ffield^  Bii-mingham,  and  in  Wales  and 
H|tios,  ia  perfonned  by  downwanl  dis- 
^^The  furnaces  represented  in  Fig.  41 
*tnictcd  to  contain  six  or  eight  fire-clay 
0y  Cf,  access  to  which  is  obtaine^l  throuj^h 
idd  in  tlie  fire -arch  of  the  furnace.  The 
of  each  crucible  is  perforated  and  fitted 
tube  to  cnrry  off  the  volatilised  zinc ; 
pi»  time  of  charging  this  tube  is  dosed 
wooden  plug,  which  is  of  course  burnt 
the  strong  ignition.  At  first  the  crucibles 
opon»  but  as  soon  as  a  bluish  flame  be* 
diow  itself,  the  covers  are  put  on.  The 
ation-tube  is  then  applic^d  over  a  vetssel 
ing  w.ater  to  prevent  the  spirting  of  tho 
The  idiic  is  ultimately  refined  by  smelt* 
'  "   —  Ktblc^. 

'«  ^   There  are  two  modes  of  utilis- 
►  /jck  nf  t'b*  in*r  this  ziiio  miiicnil.      In  one 

r***"*^  plan  thp  sulphuret  in  firat  roasted 
convert  it  Inti  oxiile,  and  tlien  treated 
5  described ;  or  tlio  oro  is  directly  applied 
ig  a  quantity  of  iron  ore  suffir^iont  to  dcfeul- 
it,  lime  lioing  osefl  am  flux.  The  iron  ore, 
in  ing  watfT  or  carbonic  arid,  ought  to  be 
preWoiiKlr  t<:i  being  used  for  thin  purymiif^  ; 
pad  of  iron  crre  Tuetalliu  iron  is  often  m>vA.  [, 

inden«)    ha>*    pmpoHCtl    io    calcine     uatiAo 

i  of  jEinc  with  common  salt,  the  r*>sult  beinp  the  fonnntiun  tif  Hulphate  of  soda 

mle  of  «inc.     Tltr  mass  being  lixiviated  with  watt  r,  fi^jm  which  the  aiUphate  of 

^il'jridc  of  ^inc  remains  in  wlutiou  aiul  ipi  precipitated  by  nipona  of 

ihic.     Thia  oxitle  i»  tr€  atinl  for  metal  in  thtt  oniinary  mannt^r. 

-  .     colour  of  zino  U  bUiish-white  or  p^y :    \U  crystnllme  stnichire 

•nrinlin^^  io  iU  purity,  and  awxjrdiujr  to  the  temin  rnturo  ut  which  it  w^^  cast  Hud 

1 9i  leva  rapid  cooling.     When  line  is  ca»t  and  rapidly  cooled  the  flpecific  gravity 
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iff  7-178,  but  when  slowly  oool^  It  is  7*r45t  sad  by  himinteriiif^  and  laminaHnr  TnrirT^ 
intrreAwed  to  7^2  and  even  7*3.  A  cubic  foot  of  jsino  weig-liR,  theref^jre,  frum  y 
Ziiio  \n  slijLrlitly  harder  than  silver^  but  like  lead  and  tin  it  is  not  fittwl  for 
chokei}  the  teeth  of  the  file*,  "V^lien  pure,  zinc  b  sonorous:  it  is  a  brittle  luri 
of  11  \Qry  small  abw:*lutc  tenncity,  but  offen*  a  great  n^Miutanoe  to  cnr-^hinjar  \ 
not  iiUbJGoted  to  duddttn  blows*  Ver)*  pure  zmc  may  W  biimmered  out  at  d,  .  i.. 
temperature,  but  the  malleHbility  ia  cTt^afje-st  at  tcTttp 
Fio,  41.  turoa  betwft^n   100"  and   150*,     Zinc  meltfi  at  41 2"  in  1 

open  air,  and  p»^rfectly  pure  zinc  mclt^  in  an  atin<i««ph«rej 
hy"lro^"en  at  420'      Arconlimr  to  MM.  Tnxzist  ;uid  Def 

Jiinc  TuhitilisrH,  air  or  ox\ >     -    -         i-    r   t    .^^  ^^ 

mny  t)*»  (listiUtHl;  whc*n  h  1  air  I 

jdmi  bum^i,  ernitting  a  v.  _^  ihi 

Ulfbt,  and  forming  oxide  of  zine  (siuiu-whiU:}),  wli 
vobitile.     Of  all  the  mct^ds  used  nn  a  Inr^jpe  scale-, 
the  lushest  cuctfieitnt  of  expnn§ioii  by  heat,  its  long 
oxptinaion  for  teniiwmturen  from  o"  to  100'',  b»eiiig^  : 
zinr'  ,j[j,  for  iibeet  /iiie  ^J^,  eoni?equently  moltcai  xino^ 
coTitriM'ts  while  coolings.     The  malle&bilitvi  leOM 
cohesive  force  of  Kinc  are  jarreatJy  impaired  hy  temp 
rnnj^injjf  from  150"*  to  2oo\  at  which  duo  may  be  pulr 
Superb  cat  ihI  steam  oxidist^a  zinc  (Yifl  -|-  Zn  =  ZnO  4- 1 
atirl  this  projjerty  i«  ma^le  use  of  in  the  «epjiratio 
mct^l  fnuu  kad.     T\licii  cxpositl  to  a  mi:)ist  nti_ 
zinc  is   RUiK'i-ficially   oxidit^-d,   but   as   the   oxido 
strongly  \o  the  met^d  fiirthtT  corrosion  i«  prevent  ' 
\»  Bi*  readily  oxiilisctl  an<l  acted  upon  by  water,  we) 
and  iLlkabeH,  that  it  i^  uut  at  all  a  wttuble  met&l  fur  1 
intended  to  hold  potable  liquids  or  moist  ftoUiLs  aa  %0^ 
aubstaneea  talce  up  zinc  and  Ix-come  pcdsonous. 
tion  of  0*5  per  cent,  of  lead  rendcra  zinc  far  morD  t 
but  if  the  zino  is  to  Iw^  useti  for  the  prtpanition  of  linist',  even  o  25  per  cent,  of 
injuriou*!,  luid  for  braH^-makiniB'  zinc  cont^iinin^  lead  id  avoided.     Zinc  often 
aomc  03  per  cent  of  in»n,  but  tVis  doea  not  impair  the  good  quality;  the  iron  ift  ' 
deriYttd  from  the  iron  pot«  u?*t?d  for  re-melting  tini*  onide  met^l :  if,  however,  the  1 
of  iron  iuorco.%e»  tlie  zinc  httoomes  brittle  and  crtM'k^,     Zinc  obtjiiiied  from  ca* 
UBimlly  purer  than  that  obtained  from  the  native  sulphuret    The  black  residue  j 
when  zinc  is  dissolved  in  acids  ;  and  oftco  mistaken  for  a  carburet  of  Jfinc,  is  a  ] 
rarious  proportions  of  iron,   h?ttd»  and  carl;>on-     The  more  impure  the   zinc, 
reiidily  it  is  dissolved  in  acids,  but  by  careful  distillation  zinc  may  be  ahncist  cflfi 
free*!  from  any  foroij^Ti  raetaLs.     In  contact  with  iron  zinc  prevents  the  oxidatioti  of  ( 
iaif«t4il.     Zinc  precipitiitea  copper,  silver,  lead,  cadmium^  arsenici  antimony,  otid  ( 
from  their  8f>lution8. 

Ar'     ■        'Titii.        This  metal  ia  very  largely  used  fo^  ,...,.,^..^  roofs,  makin 
ftj^  for  holdinjtr  water,  and  for  Turioiw  arch  urposes.     It  1 

b«n  i  that  for  routing  purposes  zinc  is  in  eo  far  l.  ua  to  greatly  f 

tlie  iuieuaity  of  fire  shouhl  liuildiiigs  covertid  with  zinc  UrcuUK-  ignited;  one  iustaaOP|l 
this  danger  was  e3tiiibitf<l  in  Mart  h»  1S66,  when  the  huge  wot^len  building  then  mtan" 
in  Lower  Kennington-lane,  and  UHcd  as  a  floor-cloth  fattory,  caught  fire,  tlie  humit! 
the  Bbc>€t*^  of  zinc  tvjvering  tlie  nmf  producing  a  heat  so  intense  as  to  itrnlttj  no  hi«i  \ 
Bixtc-eu  adjacent  hou*ie*i,  although  these  were  from  20  to  30  yi'^-i-  t^  ■"■"  *i- 
Zinc  ii*  ujied    in  gnlvanic  batterit-',  in  various  ttlloys,  m  cl 
gnlvaniT'lng  iron  wiren.  an  well  an  frjr  the  prepai'ation  of 
oruaimcntul  emoting*,  wldch  are  loiide  in  iron  moulds  previouKi  v 
prevent  a  t(H>  rapid  cooling  and  eoutrtiction  of  the  metal.     The  Pri 
for  cart nMges.     The  total  annual  production  in  Europe  of  thiu  mci.n  Jiin^»niir<<i   \i'b:o\ 
2,154,000  cT^-ts.,  of  which  England  produces   150,000  ci^'th. ;   iu   the   tuetropolm,  \*iii 
Montague  (Belgium)  zinc  is  almost  cxtduMvcly  UiM;d< 

pREPAfiATIOXa  OF  ZlNC* 
iEi«c  whit».    Under  this  name  ther©  has  during  the  last  fourtomi  years  been  ' 
into  tbo  market  anhydrous  white  oxide  of  zinc,  applied  instoad  of  whito-loml  ] 
pigment.    Zinc- white  is  prepared  for  this  purpose  by  oxidising  tnctallic  jstuo  in  i 


pn£rA,':,tTJoi^s  of  zinc. 
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retorts,  placed  to  the  number  of  8  to  18,  in  a  roverberatory  furnace.  As  eoon 
irwe  relorta  are  at  a  bright  wbito-heat,  cakes  of  zinc  are  placed  in  ttam,  and  the 
nrs  of  the  metal  on  leaving  the  retort  are  brought  into  contact  with  a  current 
r  heated  to  300';  oxidation  leaults,  and  the  oxjdo^  a  very  loose,  aiiow-white, 
rtdeut  material,  is  carried  by  the  current  of  hot  air  into  eond(?iisiiig  chamberB, 
gradually  deposited.  The  oxide  thus  prepared  is  immediutely  fit  for  u^ ;  it  is 
pure  white  colour,  and  very  light.  Zinc-white  is  also  prepared  by  exj>osing 
lUjc  idnc  to  the  action  of  superheated  steam,  hydrogmi  being  at  the  sume  time 
Ived*  and  used  ft»r  illuminating  pm-po&ea,  as  at  Narbonne,  St.  Cbinmnt  Cerot, 
a  few  other  places,  where  it  is  known  as  platinum-ga5»  because  the  tiame  ia 
I  for  imparting  a  white  heat  to  small  coils  of  platinum  wire,  thu^  pi*oducing  a 
f  i^t«^dy  and  highly  pleasant  light.  A  a  rugarda  tho  use  of  zinc-white  as  a 
Dent,  it  i«  rather  more  expenflive  than  white-lead,  yet  aeeoiding  to  eomo  is 
Slior  cx>vering  material  in  the  .surface  proportion  of  10  to  13,  tlitvt  is  to  say,  13 
^  by  weight  uf  zinc- white  cover  as  much  i<pace  as  10  of  white-lead  ;  moreoveri 
fwhite  iH  not  affected  by  sulphuretted  hydri>gen.  Like  white-leaf,  this  com* 
ud  may  be  mixed  with  other  pigments.  By  mixing  Hinmann^s  green  with  it  a 
'0  colour  may  bo  obtained ;  blue  with  altramarine ;  lemon -yellow  with  cad- 
m  oTMige-yeUow  (sulphuret  of  cadmium). 
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ZLnc-vitriol  (SZnO^  4"  7^^)^  sulphnie  of  ?:inc  or  whitt*  vitriitl,  is 
found  na  a  native  mincTul,  ajs  a  prrwiijct  of  the  oxidnHon  of  rine- 
>  It  \^  3»l!«j  preparf*cl  by  <li»8olving  zinc  in  dilute  ealphuric  acid^  and  by  rosiating 
Ipliuret.  TliiH  vitriol  occurs  in  white  ag^lomera.tcd  cryatab  and  in  mndSi 
-  '1  rr^^stfds,  ar*  purtfifil  sulphate  of  i^ine;  it  is  used  a8  a  "dryer"  in  oil  painta 
,4nii*l*<  3* ;  a«  a  monlant  in  dyeing,  for  diidnfecting  purpo«ie«r,  and  somptimesi  as  a 
?  of  *>xjgefu  shicp»  an  lieing  fiubmitted  to  a  red  heat,  it  give*  off  aolphttrou.'*  acid  and 
aif  ciiide  of  Jtine  renuiiiimg* 

Mt»cirxip»r       'fhiA  pn'pAration,  obtained  by  precipitating  a  solution  of  iuljihnte  of 

luiftte  of  potn.'4»i,i^  a  very  fin©  yellow-milourod  powder,  used   now  and 

t  printiii;r»  b«:'iuia4>  it  is  soluble  in  ammonia,  ftnd  thrown  dow^i  u^fjiin  oa  a 

ihb'  in  wntor  when  thiit  raenstraum  Ls  TolatQised.  A  basic  ohromutcof  zino  is 

pfgmeat  in  the  paint  tnide. 

ttnv        This  compound  c^f  irinc,  ZnCl^,  ia  obtained  cither  hj  dissolring  riiio  in 

»rid,  or  more  cheaply  by  cauHing  the  hydrochloric  acid  sraa  given  off  in 

ji  Hkoda  to  act  upon  native  Hulphuret  of  line.     By  thh*  action  sulphuretted 

•mn-ii,  whieh  c^n  be  burned  to  produce  sulphurous  acid  for  the  sulphuric 

Tlie  solution  of  r;hloride  of  zinc  Xku&  obtained  ia  evaporated  to  the  con* 

-     -    'JTllp. 

ifthydpiue  chloride  of  zinc  ia  obtaiucil  by  heating  an  intimat**  niLxture  of  dried 
jhate  of  ifino  and  chloride  of  ssodiiun ;  chloride  of  zinc  i«  formed  which  miblimcfi,  and 
(iiat&  of  «oda  which  ia  loft  behind  (ZuSe^+zNaCl^Na  SO,  -f-ZnClJ.  This  anhydrfJiw 
may  be  sometime!*  advantageously  uipcd  instead  of  atrong  sulphuric  acid,  for 
■  feud  colza  oil  rf.'fining,  and  perba|>w,  although  it  would  be  more  expensive 

Able^  in  the  luaniifHCturc  of  ganincine  from  madder.     This  chloride  has  of 
i,T.^i.,./i   ,.f  Miilpburic  acid  in  the  manafurturc  of  et^aric  acid^  and  in  the 
buieiit  paper.     Chloride  of  zinc  in  a  ntn^ng  and  enide  sKdu- 
-Hfiilly  u?*rd  for  prcRcr^ing  timl>er  ;  in  paper-making  for  the 
iUiiii   id  bitiitliinx   powder  for  Meaching   the   half-stujf  and  raga,  and  also  in 
piiper.     The  diftinft'Ctaui*  sold  a«  Sir  William  Burnett's  Fluid  and  Drew'« 
ni  an?  i^'  I    "  f  chloride  of   zinc.     The    salt   uMctI   in  anldering  ir«->n,  zinc* 

is  a  C"  the  chloridoa  of  zinc  and  ammonium  (aNH^Cl-^ZnO,) ;  ita 

!«  ..i.t  lin.  I     ^,    .        iwug  3  parts  by  weight  of  zinc  in  strong  by drtxddorie  acid, 
l»e  solution  ii*  crjmplete,  an  equal  weight  of  &al-aiumouiac.   Oxychloride 
y  mixing  oxide  of  zinc  with  a  concentrated  sohition  of  chloride  of  zinc, 
iioltLtiuiiS  of  ehloridca  of  iron  or  iaan;(rane^,  has  been   recently  proposed    by 
a«  a  plastic  mwim  btiit^Hl  for  stopping  hoUow  teeth* 
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8j  cuemical  tecenoloot. 

Cadmium. 
(Cd  =  ii2;  Sp.  gr.  =  8-6.) 
This  metal  is  rather  rare,  and  as  yet  of  very  limited  use ;  it  is  a  constant  oom- 
panion  of  zinc  in  vaiying  quantities,  but  is  only  found  in  the  Silesian  zinc  ores  in 
sufficiency  to  repay  the  trouble  of  extraction.  It  was  discovered  as  a  distinct  metil 
by  Dr.  Stronioyer,  at  Hanover,  and  Dr.  Herman,  at  Schouebeok,  in  1817.  Ai 
regards  its  piopertios,  cadmium  stands  between  zinc  and  tin ;  the  colour  and 
metallic  liiHtre  of  cadmium  are  similar  to  those  of  tin ;  it  is  ductile  and  malleable,  Vat 
more  readily  acted  upon  by  atmosiiheric  oxj-gcn  and  moisture  than  tin.  The  spedfie 
gravity  of  cadmium  is  8*6  ;  it  melts  when  quite  pure  in  an  atmosphere  of  dry  hydro- 
gen at  320°,  and  boils  and  volatiliwjs  (air  and  oxygen  being  absent)  at  860"  to  746'/. 
The  cadmium  sold  by  manufacturing  and  opemtive  chemists  and  opticians  is  inamtll 
round  bars,  weighing  from  60  to  90  grms.  Silesian  calamine  ore  contains  abcuts 
per  cent,  cadmium  ;  the  same  ore  found  near  Wieslock  2  per  cent. ;  the  zinc-UeiidB 
found  at  the  Upper  Harz  contains  from  0*35  to 079  percent,  cadmium ;  zinc-blendi 
from  Przibram,  Hungary,  178  per  cent.;  and  the  zinc  ore  of  Eaton,  in  North 
America,  about  3*2  per  cent,  cadmium.  Such  ores  give  off,  while  being  heated  in 
the  zinc  furnace,  a  brownish-coloured  smoke,  consisting  of  carbonate  of  zinc  tnd 
metallic  cadmium  ;  this  smoke,  condensed  separately,  is  used  as  cadmium  ore,  and 
reduced  by  means  of  charcoal,  the  materials  being  placed  in  iron  retorts  and  the 
metal  distilled  over,  next  i-etined,  and  cast  in  the  small  bars  mentioned  abore. 
The  annual  production  of  cadmium  in  Belgium  from  Spanish  zinc  ores  amounts  to 
about  5  c^s-ts. ;  while  Silesia  produces  some  2  cwts.  annually. 

Mixed  with  l<.'ad,  tin,  and  bismuth,  cadmiom  forms  the  -so-called  Wood's  alloy  or  fusiMe 
metal,  coiisistiiiir  t>f  cadmium,  3  iKirtH ;  tin,  4;  bismuth  15;  and  load  8  parts;  this  alloy 
fuw's  at  70"',  and  is  used  for  stoiiping  teeth,  and  for  soldering  stirgical  im*trumenN 
M.  Hofer-(.in»sji'au  used  a»HtenM)type  metal  an  alloy  consisting  of  lead  50,  tin  36,  and  cad- 
mium, 22-5  ]»arts.  The  only  prepanition  of  cadmium  teehnically  u«rd  to  any  extent  ia  th? 
oadmium-vellow.y'i///"  A/v7/i'i//^  ((.'dS),  eulphuret  of  cudmium,  applied  an  a  pigmeut  in  oil 
|vaintiiig.  and  in  ]>yTMte<'hny  for  pnKlueing  blue-coloured  flamen.  This  preparution  is  bcrf 
()btuiue<l  by  prrTipitatin^  a  solutitm  of  sulphate  of  cadmium  with  snlphuret  of  MHliimuand 
then  thoniu^'hly  wa shin jr,  pri'fwing,  and  drying  the  precipitate.  Dr.  Van  Rieiiutdijk,  of 
the  UtrtK-ht  ^liiit,  wliilo  <«xiM'rimenting  with  cadnuum  and  zinc,  both  pure  and  kept  fnied 
in  an  atnios]>lien'  of  i>urt^  dry  hydrogen,  found  that  these  metals,  though  jjerfectlT  n<m 
volatile  at  their  \nm\\.  of  fuhion,  and  while  kept  fluid  at  that  temporaturei  became  percep- 
tibly volatilised  at  a  few  degrees  above  this  point. 

Antimony. 
(Sb=:i22;  Sp.  gr.  =6712.) 
Antimony.  Tliis  metal,  also  named  stibium,  is  chiefly  found  in  combinatiou  with 
sulphur  as  black  antinionial  ore,  or  glass  of  antimony,  containing  71  "5  per  cent,  of 
metallic  untininny,  formula  (Sb^S,),  in  veins  interspersed  among  granite  flU^ 
metamorpliio  n)ck.'<.  Antimony  also  occurs  as  oxide  (Sb^Oj)  in  the  minerals  known 
as  Valentinit*'  ihombic)  and  Senarmontite  (tesseral),  this  last  variety  being  found 
in  large  quantities  in  Constantino,  Algeria,  and  in  Borneo.  The  black  sulphuret 
of  antimony  is  separated  from  the  gauguo  which  contains  it  by  the  application  of 
heat,  as  tin?  sulphuret  is  verj'  fusible. 

The  npenition  is  carried  on  at  Wolfsberjr.  near  Ilarzgcrode,  Gennany,  by  placiiurih0 
broken-up  «»ri«  and  jr.ingue  in  cnicibh-s,  b  (Fi^.  42),  i)erforated  at  the  lx>ttom,  and  plucd 
on    a    smaller  crucible,  r,   surrounded    with    hot    sand    or    ash.      The    walls  aie  <4 
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rork^   *o    constructed  with  op^&lngd  for   oausing  a  draught   as  to  oonrey  moHt 
the    ujiper    cruoible.      Wood   is  iischI   as  fuc-L      lu   uthcr  localities,   o^pcciiilly 
,  the  MpparatuH  exhibited  in  fiction  imd  plan  iii  Figis.  43  and  44  Ls  usud.    iLi 
ifl  the  Mints 
Mtaiuin^  the  Fm.  42. 

. .  ...^  ,  i  ibl<  iS  outKido 
ntid  uojiu^vtc^  by  mean.^ 
h  the  in.-qd*'  erut  iWch,  aro 
irauently  plat'ed.  The  ttqna- 
Kf  the  rather  fuiiible  antimony 
most  readilj  and  oonvcnieutiy 
puid  in  the  hearth  of  a  pccuUarly 
lict«d  ref^ijrberatory  furnace,  cx- 
I  in  Fiff,  45  :  the  main  point  of 
Pr'rT^nii^'nt  of  the  hoarth  being 
^  r«  black  eoilphiirot,  col- 

I  \*y»t  h>voI»  ntLDfi  through 

j^  tlio  reed  Tit,  /^  plurt'd 

1  u>«*.     Af.  Jir^t  u  tiukIc- 

I  >but  towAiilMtlH*iatt«*p 

M  tho  operation  a  struujf  heat 
|Bir«v)  t^  ««liminrite  oli  the  Bttl* 
Si       '^  ■       iij>cninjy   flt  /   ia   now 

I  1 11^,     Not  until  the  gan'/tto  becomes  iienii-fu«?d  i«  the  operation  finished, 

^r  Mufphurct  coUooted  unler  Uu}  slai;  m  run  otf  bjr  tho  opemn^  of  the  jdug 


J 


Fi*>.  43- 


FKI.44. 


*f>.*:| 


.^w. 


Fio  45* 


!  nntimDny  is  obtainod  from  the  black  sulphnret,  either  by  roasting  or  by 

n^  it  with  fluitable  fluxes.    In  the  former  instance  the  snlphuret  ia  placed  on 

l^of  tt  wsverberatory  furnace  and  continuously  stirred,  while  a  supply  of  air 

I  the  molten  msi>^ ;  the  calciuation  is  continued  until  the  bulk  of  the  ore 

■ted  into  antimoniate  of  antimony- oxide.    This  material,  rilsci  known  as 

aahf  ia  reduced  to  metal  in  crucibles,  and  for  the  reduction  heat  alone 
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ntion  of  aniline  'Ted  and  for  the  conversion  of  nitrobenzol  into  aniline;  also  for  the 
preparation  of  iodide  of  calcium  by  keeping  aiitimouic  oxide  suspended  in  milk  of  lime, 
ind  adding  iodine  as  long:  as  the  latter  is  taken  up. 
HiMk  floipburet  ©f  This  compound  (Sb^S,),  obtained  by  liquation,  occurs  in  commerce  in 
Aatiiiionj.  the  conical  shape  it  has  assumed  wliilo  cooling ;  its  colour  is  like  that 
0!  graphite,  but  it  has  a  stronger  metallic  lustre,  is  of  a  deeper  black  colour,  fibrous, 
cnrstaliine  structure,  and  very  brittle ;  it  usually  contains  iron,  lejid,  coi)per,  and  arsenic, 
Hid  \A  employed  for  separating  gold  fn)m  sil^-er,  in  veterinary  surgery,  pyrotechny,  and  in 
the  preparation  of  the  percussion  pellets  used  in  the  cartridges  of  the  now  celebrated 
Pmsfdau  needle-gun. 

XcapoiiunTeiiow.     This  pigment,  used  as  an  oil  paint  and  in  glass  and  porcelain  staining, 

is  ol  an  orange-yellow  colour,  and  very  permanent.     It  is  antimoniate  of  oxide  of  lead, 

and  i*  prepared  as  follows: — i   part  of  antimonio-tartrate  of   potassa  (tartar  emetic), 

2  puts  of  nitrate  of  lead,  and  4  parts  of  common  salt,  are  fused  at  a  moderate  red  heat, 

■aid  kept  at  that  temperature  for  2  hours.     The  molten  mass  is  put  after  cooling  into 

vater  and  becomes  disintegrated,  the  salt  dissolved  and  the  pigment  precipitated.     When 

required  for  staining  glass  or  porcelain  it  is  mixed  with  a  lead-glass,  and  has  recently 

been  prepared  by  roasting  a  mixture  of  antimonious  acid  and  litharge. 

iM\mmj  Cfanabirr    OxTsulphurct  of  antimony  (Sb^S^Oj),  is  a  compound  in  colour  similar 

tOTormillion,  and  is  obtained  by  causing  ditluonite  of  sodium  or  calcium  to  act  upon  proto- 

chloride  of  antimony  in  water,  and  boiling   this   mixture,  a  precipitate  being  readily 

deposited ;  it  is  a  soft,  velvety  powder,  unaltered  by  the  action  of  air  and  light,  and  suited 

for  either  oil-  or  water-colour.     This  substance  may  be  prepared  on  a  large  scale  by  the 

following  process: — (i.)  Black  sulphuret  of  antimony  is  calcined  in  a  current  of  air  and 

iteam,  antimonic  oxide  being  formed  as  well  as  sulphurous  acid,  which  may  be  employed 

for  the  preparation  of    cnleium-dithionite  from    soda  waste;    the  antimonic  oxide  is 

next  dissolved  in  crude  hydrcK'hloric  acid.     (2.)  Large  wooden  tubs  which  admit  of  l>eing 

internally  heated   by  steam,  arc   for   |ths  of  their  capacity  fiUed  with  the  solution  of 

calcium  dithionite,  and  the  solution  of  pn)t<K"lil()rido  of  antimony  is  gradually  adde<l,  the 

liqnid  being  stirred  and  heatwl  to  about  60' ;  the  reaction  soon  ensues,  and  the  precipitate 

lumg  subsided,  is  thoroughly  washed  and  dried  at  a  tt^mperature  not  exceeding  50^. 

There  are  prepared  on  a  large  scale,  by  openitive  phaniuwouti(?al  and  manufacturing 

chemists,  numerous    varieties  of    antimonial    prej)arationB,   among    which    are    several 

wlphurets  and  one  oxysulphuret,  different  from  the  preparation  here  mentioned. 

Aksexic. 
(A.s  =  75;  Sp.gr.  =  5-6.) 

AnfBie.  Arsenic  occurs  in  the  ininonil  kingdom  cither  native  or  in  combination 
with  sulphur.  Although  a  few  minerals  arc  found  containing  arsenic  in  a  state 
of  oxidation,  the  quantity  is  so  small  that  their  tochniciil  utilization  for  the  obtaining 
of  ursenical  compounds  is  altogether  out  of  the  fiuestion.  Metallic  arsenic  is  a 
solid,  cystalline,  steel-grey  coloured  substance.  It  is  i>reparod  either  by  the  subli- 
mation of  the  native  metal,  or  by  the  ignition  of  arsenical  iron  pyrites  (Fe.S^-f  FeAsa) 
and  of  arsenical  pyrites  (Fe4A86),  or  by  the  rculuetion  of  arsenious  acid 
(.1^203  +  30  =  300  -f  ASi).  ]Metallic  arsenic  is  met  with  in  tlie  trade  in  an  impure 
state,  often 'containing  no  less  than  10  per  cent,  of  sulj)huret  of  arsenic,  in  the  form  of 
giuyish-black  coloured  crusts  and  lumps,  known  as  fly  poison.  l*ure  metallic  arstmic 
is  rarely  employed;  a  small  quantity  is  used  in  the  manufacture  of  shot,  and  in  pyro- 
techny for  white  Bengal  fire,  which  gives  a  very  brilliant  liglit,  but  should  only  be 
ignited  in  the  open  air.  Lastly,  arsenic  burnt  in  oxygen  gas  is  used  as  signal  lights 
in  the  Trignometrical  Survey  Service. 

Aiwokms  Add.  Tho  substanco  known  as  white  arsenic  is  really  arsenious  acid,  AS2O3, 
and  obtained  as  a  by-product  of  a  great  many  metallurgical  operations,  for  instance, 
the  roasting  of  coljalt  ores  for  smalt,  of  tin  and  silver  ores ;  the  volatilised  acid  is 
condensed  by  conducting  it  through  cliannels  into  wooden  chambers.  In  some 
localities,  as  in  Silesia,  where  fuel  and  labour  are  cheap,  arsenical  pyrites  is 
purposely  calcined,  and  tho  crude  arsenious  acid  obtained  is  refined  by  another 
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sublimation  process.  For  this  purpose  the  cast-iron  yessels,  o,  Pig.  46,  are  used,  upon 
whicli  are  placed  iron  i-ings  or  collars,  &,  c,  d,  and  a  hood  «,  oommuuicating  by  meui 
of  tubes  with  a  series  of  chambei's,  of  which  tlie  first  onty  is  shown  in  1.  The 
flanges  of  the  cast-iron  collars  and  all  other  joints  having  boen  thoroughly  luted,  the 

fire  is  lighted  and  the  hoat  so  increased  u  to 
cause  the  semi-fusion  of  the  arsemous  acid, 
which  after  cooling  exhibits  a  peculiariy 
porcehiin-like  appearance,  ut  first  being  u 
transparent  as  glass  and  vor}*  similar  to  fused 
anhydrous  phosphoric  acid. 

This  comi>oiuid,  like  all  arsenical  prepan- 
tions  is  ver}'  poisonous;  but  it  is  a  remarkable 
fact,  pn)ved  by  direct  experiment,  that  pure 
metallic  arsenic  introduced  into  the  stomach 
of  rabbits  and  other  small  animals  in  a  finely 
divided  state,  by  the  aid  of  pur©  water  freed 
from  air,  does  not  act  on  them  as  a  poiiwn, 
being  found  in  their  fspoes  unaltered.  The 
commercial  article  is  sometimes  more  or  lew 
mixed  with  oxide  of  antimony  and  frnlphuet 
of  arsenic.  Arsenious  acid  is  used  in  dyeing 
and  (ralico-printing,  in  glass-making,  for  the 
j>uq)OHe  (»f  clearing  the  molten  glass,  f(»  the 
j)reparation  of  other  arsenical  compounds  and 
]>irruients,  and  further  in  arsenical  oonp  for 
the  ])n.*»ervation  of  stuffed  animals.  The  air 
in  muHtMiius  is  sometimes  poisoned  by  ar- 
84.'niur<»ttod  hydrogen  being  evolved  if  the 
urw.'iiiral  compound  has  not  been  ppopcriy 
pn^jjarcMl ;  and  in  places  where  there  are  large 
collections  of  stuffetl  animals  there  should  al^ways  be  a  good  ventilation  andadiy 
atmosphere.     AisJ^'nirms  acid  is  also  employed  in  the  manufacture  of  aniline. 

AT»pn»cArid.       Tiiis  acid  (ir3As04)  has  bettome  an  article  of  large    consumj'tino. 

it  is  obtained  by  boiling  4<x>  kilo.s.  of  ai-senious  acid  in  yy^  kilos,  of  nitric  ornitw- 

*i\ drochloric   aci<l,   and   evji])<irating  the   solution   to  dnni(-ss.      ^Recently  it  has 

'  prepared  more  clieaj>ly  by  passing  chlorine?  gas  inti>  water  wherein  arsenious 

18  suspended,  and   evaporating  this  solution.     Ars«>nic  acid   is  somotinies 

jyed  in  calico-])rinting  instead  of  tartaric-acid,  and  is  very  largely  used  in  the 

iration  of  rosaniliue  or  fuchsine,  some  manufacturers  of  these  dyes  annually 

iming  2000  cwts. 

16  acid  arsoniate  of  soda,  so-called  dungsalt.  now  used  instead  of  cows' -dung  in 

tain  calico-printing  oj)erations,  and  ccmsisting  of  25  parts  of  soda  and  75  ^ 

4veniou8  acid,  is  ]>rei)ap»d  by  heating  for  a  length  of  time,  i^ither  36  parts  of 

i«UB  acid,  and  30  parts  of  nitrate  of  soda,  or  a  mixture  of  arscnite  of  srxla  and 

•Ma,    This  salt  is  obtained  as  a  by-i^i-oiluct  of  the  preparatinn  of  aniline 

UH)L 

■■It     There  are  two  sulphurets  of  arsenic  employed  industrially,  i^ 
piment. 
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Bed  aracnic  or  realgar  (As  S  )  is  found  native  in  a  crystalline  state  and  among 
res.  It  is  artificially  prepared  by  fusing  together  sulphur  and  excess  of  either 
;  arsenic  or  araenious  acid,  or  on  a  large  scale  by  distilling  arsenical  pyrites  and 
itaining  sulphur.  Realgar  is  a  ruby-red  coloured  substance,  exhibiting  a  conchoidal 
*.  Its  use  in  pyrotechny  is  based  upon  its  property  of  yielding,  when  mixed  with 
"e  and  ignited,  a  brilliant  white  light.  This  mixture  is  known  as  Bengal  white 
nd  is  best  prepared  with  24  parts  of  nitrate  of  potassa,  7  parts  of  sulphur,  and  2 
I  realgar. 

»t.  Auri  pigmetUum,  yellow  sulphurct  of  arsenic  (As^Sj),  is  likewise  found  native, 
^fenerally  artificially  prepared  by  fusing  together  either  sulphur  and  arsenious  acid 
gar  and  arsenious  acid.  This  sulphuret  is  of  a  bright  orange-colour,  somewhat 
rent;  it  contains,  if  prepared  by  the  dry  method,  free  arsenious  acid,  and  may 
PR  be  considered  as  arsenoxysulphuret.  It  is  also  prepared  by  precipitating  a 
iloric  acid  solution  of  arsenious  acid  by  means  of  sulphuretted  hydrogen,  or  by 
toeing  a  solution  of  the  double  sulphuret  of  arsenic  and  sulphuret  of  sodium  with 
dilute  sulphuric  acid.  Orpiment  is  used  in  dyeing  to  reduce  indigo,  and  to 
^  what  is  termed  msma,  a  paste  applied  in  dressing  slans  in  order  to  remove  the 
id  which  consists  of  9  parts  of  lime  and  i  of  orpiment  mixed  with  water.  This 
\  also  employed  in  the  toilet  to  remove  superfluous  hair ;  but  instead  of  this  very 
^us  compound,  either  the  spent  lime  from  tne  purifiers  of  gasworks,  or  the  sulphuret 
^  solution  obtained  by  passing  a  current  of  sulphuretted  hydrogen  through  milk  of 
lay  be  advantageously  used. 

Quicksilver,  or  Mercury. 
(B[g=20o;  Sp.  gr.  =  i3-5.) 
sM  and  This  metal  is  not  mot  with  so  generally  dispersed  as  silver  and  gold, 
ory  It  occurs  in  tihie  following  forms : — i.  Sparingly  in  the  metallic  state 
)ersed  in  globules  through  the  ganguo,  and  in  small  quantities  in  mercury 
sometimes  containing  silver.  2.  As  a  sulphuret,  known  as  cinnabar,  HgS,  con- 
>  86*29  of  metallic  mercury  ^^^  i3*7i  of  sulphur.  This  ore  is  met  with  among 
ive  as  well  as  metamorphic  and  sedimentary  rocks,  and  is  often  accompanied 
phuret  of  iron,  while  the  gangue  or  matrix  is  generally  quartz,  calcareous 
)r  si>at]iic  iron  ore.  The  richest  mercury  mines  are  those  of  Almaden  and 
lenejas  in  Spain,  which  wei-e  worked  at  a  remote  period  of  antiquity,  and  next 
yaa  of  IJria,  CarjTithia.  Cinnabar  is  found  also  in  the  Rhenish  Palatinate, 
>e  in  Westphalia,  Ilorzowitz  in  Bohemia,  in  various  parts  of  Hungary,  at 
Ita  in  Venetia,  in  the  Oural,  in  China  and  Japan,  in  Borneo,  Mexico,  at 
cavelica,  in  Peru,  and  in  considerable  quantities  in  California,  where  mercury 
ely  imxluced. 

ng  the  loss  important  mercury  ores  is  found  the  so-callod  liver-coloured  ore,  a  clay 

with  cinnabar,  bitumen,  parafline,  and  coal-slate.     This  ore  is  only  met  with  in 

Ilia,     lliero  is  also  the  fawn-coloured  mercury  ore,  containing  2  to  15  per  cent,  of 

y,  ^^-ith  Hulphur,  copper,  and  other  impurities.     The  annual  production  of  mercury 

liDut  the  globe  amounted  in  1870,  to  84,500  cwts.,  of  which  California  pelds  56,000 

:  22,000  from  Spain. 

■urj''  is  extracted  from  its  chief  ore,  cinnabar,  by  : — 

ilrination  in  shaft  furnaces,  the  mercurial  vapours  being  condensed  in  rl-.nmbers  con- 

d  either  of  brickwork  or  Iwiler-plate,  or  in  e.irthenwaro  vessels  (Aludels)  joined 

^r  by  flan  pros  similar  to  eartlnaiwan?  drain-pipes. 

y  dtHioniposinpr  cinnabar  in  closecl  vessels,  the  ore  being  mixed  with  either  lime  or 

cales-     This  method  is  usual  in  Bohemia  and  the  Bavarian  Palatinate. 

I  of  ExtnK'tinf     Tho  contrivftncos  in  use  in  Idria  for  the  extraction  of  mercurv 

iTj  pursued        /...■,. 

Idria.  from  its  ores  are  illustrated  in  Figures  47,  48,  and  49.     A  is  a  cal- 

»u  f\imace,  which  is  flanked  on  each  side  by  a  series  of  condensation  chambers, 
communicating  with  the  furnace.  The  ore  is  placed  in  lumps  on  the  perforated 
,  n  n,  of  the  furnace,  and  the  space  V  completely  filled.  On  the  arch,  p  p\  the 
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smaller  Itimps  of  ore  are  placed,  and  on  r  r^  tke  dust,  pulveruleixt  orO|  aad  i 
of  former  oporationSt  This  having  been  donOi  tho  fuel,  commonly  dry  b©echwood*| 
ignited  on  the  fanijice-hars.  The  heat  is  gradually  misod  to  and  kept  at  a  dark  i 
heat  for  I o  to  iz  houra.     The  draught  created  carriee  into  the  fumaco  sufiicicTit  mr 

Fio.  47. 
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the  sulphur  of  the  volatilised  ore  into  sulphurous  acid  and  iet  i 
I  ( tlgS  4-  ±0  =:  SOj  +  Hg) .    The  jirodufts  of  the  combustion  are  < 
ffchiimbers,  c.  The  bottom  of  each  chamber  is  made  of  strongly  prossed  cU 
to  fonn  two  planes  inclined  towards  each  other,  and  connect^  ' 
1   dcrvoir  cut  out  of  a  solid  block  of  porphyry  in  which  1 
A  jet  of  water  is  made  to  })lay  constantly  in  the  la«t  cood 
1  keep  it  and  the  udjuining  smoke -chambersi,  »  0»  K 
Tcury  being  condensed  in  D  B. 
■imciiU  havo  been  made  at  Idna  to  distil    he  mercury  eontinaoi 
\  of  a  rcTerberatory  furuaoe,  whereby  both  time  and  fticl  aw  «t 
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The  arrangement  for  condousing  tKc  mcrcimal  vapours  in  use  at 
I  itinurr.    ^iuja4j^ji  jg  exliibit^Mi  in  Fi^,  50.    It  consists  of  a  string  of  pearl- 
:  vossfls  open  at  botli  t'ods.  Those  vosscIh,  locally  known  by  tho  Arabian  temi. 
?/«,  arw  mailo  of  earthenware,  and  so  coniitmoted  that  tho  narrow  end  of  one  fits 
>  tlje  wider  end  of  the  other,  caro  being  taken  to  lute  the  joints  with  day*     Tlie 
di5  of  arranging  these  rows  or  strings  of  aludels  is  delineated  in  Fig*  52,  which 
InprMoatB  the  plan  of  the  Jumace  aho^ii  in  Fig.  51,    This  furnace  oonsists  of  a 


Fio,  50. 


-ivpn»  which  by  means  of  a  poHbrated  arch  is  divided  into  two 
IS  lighted  in  tho  lower  part  of  the  shuft,  ^hilo  on  tho  peiforated 
\  lirft  pUcMi  a  layer  of  sandstone  containing  cinnabar,  in  quantities  too  small 
it  t»f  binng  otherwise  a^lvautageously  treated.   Tho  rich  ore  is  then  placed  on 
t  Uyor  of  stone,  and  the  openings  in  the  arch  of  the  ftiniace  covered  with  tiles 
}y  luted.    The  mercurial  vapours  are  fii^st  conducted  into  the  space  c  c* 
Rc<»  thrrtugh  the  twelve  rows  of  alud«la»  each  row  having  a  length  of  from 
f  212  metre*",  and  containing  44  uludids.    The  aludcla  are  placed  on  a  M»mewhat 
tie  as  shown  in  the  wood  out.    At /the  condensed  mercurj^ia  run  off  by 
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th©  gutter,  g,  into  tlac  etone  cistoras,  h  h  j  the  vapoura  uat  condeD8c^d  being  cmA 
on  to  the  dminber,  B,  where  they  ai'e  completely  liquefied.  The  emoke  eacupiM 
through  a  chimney  at  b.  As  the  mercury  thus  obt4iiiied  is  mixed  with  soot  it  W 
to  be  purified  and  cleansed ;  this  is  effected  by  causing  the  metal  to  flow  down  Jta 
inclined  plane*  to  which  the  soot  adheres.  The  s<joty  mass  and  the  impttrilwi 
collect*'d  in  the  n>om  b,  are  submitted  to  dietilktiou  for  the  ptirpose  of  oxtmctiflg 
the  la&t  traces  of  mercury.  The  quantity  of  ore  operated  upon  at  each  calciuai 
amounts  to  250  to  300  cwts.  Spaninh  mercury  is  met  with  in  the  triide  parked 
wiought-iron  canisters  or  in  sheepskin  ba^s.  The  apparatus  above  described 
Beparatinjs:  mercury  from  its  ores  was  invented  by  the  Moors,  who  for  several  ocnti 
ries  wei-e  the  only  civilised  inbabitauta  of  the  greater  portion  of  southern  Spsia* 

w^'"^  '   "" ^^if'       Methtxl  of  nurcury  distillation  pursued  at  Horzowitx  m  BohenitJ 

.*.      Tljc  HuJphur*;'t  of  tiiercury  is  mi^^Mi  with  from  \  to  I  of  it*  wt'ifrlit  rf 
for;^  -  _u...  _ ,  -Hid  the  mixture  placed  on  the  iron  plates, //  A,  Fig.  53,  Theae  plates  are  fixL<cl  U.> ia 

Fio.  53. 


lillf'd  irifh  wtiter. 

la.st^  for  V 


v^vt^  by  the  iron  cupola,  e  e,  whicli 
'  '    "     Si  the  fiimaee  by  means  nt 
f  upola  covers  abotit  ^  c\\  t 
i^    tqxilAS  in  one  furnace.     TIk  -i-  1 
Ulitinate  mercurj'  hai^  liecii  extructed  from  its  ^irc 
I  aaert^my  ore  T»ith  otlier  metallic  ores,  that  m^ii 
^ia  »imdi>tiine.     The  dcHcmiposition  of  tlie  ore,  whirh  i^  a  i»U 

de  to  pay  only  by  skilfid  manairenient.     Tb**  fire  i»«  myxr^  ' 
|f9tort«,  very  j^imiliir  to  those  iLsed  in  g^J^-^\ 

is  decompoiHid,  the  result  bcin^   the  iftj 

llis<«  jiTnl  is  ,0  .1.  li^txi  in  suitably-constrnrttN 

juret  of  calcium  and  hx^Kwulphitc  of  lii. 
"the  oonteniH  of   the  repeiver»  are  jk>u 
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irthenware  tanka  filled  with  water ;  the  mercury  sinks  to  the  bottom  and  the  water  is 
Uowed  to  run  oflE^  carrying  with  it  a  blackish  powder,  consisting  of  finely-divided  mercury 
dxcd  with  a  volatiliHod  black  sulphide.,  which  is  again  submitted  with  lime  to  another 
istillation. 

Pnipeitt-»nfXcrrar7.  Mercury  is  the  only  metal  remaining  fluid  at  ordinary  temperatures. 
t  ireezGA  at  — 32*5%  and  is  in  that  state  a  malleable  and  ductile  mebil.  At  360"  it  boils, 
lid  at  a  slightly  higher  temperature  distils  over,  but  is  volatilised  to  some  extent  at  all 
impenitnres  above  its  freezing-point,  as  may  be  proved  by  suspending  a  piece  of  gold-leaf 
I  the  neck  of  a  bottle  containing  a  small  quantity  of  mercury.  Mercury  readily  combines 
t  ordinary'  temperatures  with  various  mct^,  forming  what  are  termed  amalgams.  The 
malgaiiLS  most  readily  formed  are  those  of  lead,  bismuth,  zinc,  tin,  silver,  gold ;  next  is 
lat  i^'it];!  copper,  while  with  iron,  nickel,  cobalt,  and  platinum,  men:ury  wiM  only  amalga- 
tate  with  difficulty.  The  application  of  mercury  in  metallurgy  in  the  extniction  of  gold 
lid  silver  from  their  ores  is  based  upon  the  property  mercury  possesses  of  readily  combining 
dth  the?*  metals.  Amalgams  of  various  kinds  are  industrially  employed,  as,  for  instance, 
rith  tin  for  covering  mirrora  and  looking-glasses,  with  gold  fi)r  the  so-called  process  of 
re-gilding.  An  amalgfam  of  4  parts  mercury  with  2  parts  zinc  and  i  part  tin  is  used  for 
be  cushions  of  electricm  machines. 

AppikaiksnuofMcrcuiT.  By  far  the  most  extensive  application  of  mercury  is  in  the  oon- 
truction  of  various  physical  instruments,  for  filling  the  mercurial  gauges  of  steam-boilers, 
ind  on  the  Continent  tnese  gauges  are  attached  to  all  boilers,  locomotive  engine-boilers 
ilone  ex(x»pted.  Mercury  is  employed  in  the  preparation  of  a  variety  of  compoimda, 
among  wliicb  is  the  fulminate  of  mercury ;  and,  further,  for  various  purposes  in  chemical 
and  physsical  laboratories.  More  recently,  an  amalgam  of  mercury  and  sodium  has  been 
very  suGi^essf ully  used  by  Mr.  Crookes  in  the  metallurgical  extraction  of  silver  and  gold ; 
and  a  sulidified  amalgam  of  the  same  metals  is  recommended  te  facilitate  the  transport  of 
mercury,  the  amalgam  admitting  of  being  very  readily  decomposed  by  treating  with  dilute 
sulphuric  acid. 

Preparations  of  Mercury. 

KerwTiii  compoond*.  The  more  important  mercui-ial  compounds  which  are  maniifac- 
tured  on  the  large  scale  are  the  following  : — 

Mercarte  fhioride.  Tho  substanco  commonly  known  as  corrosivo-sublimate  is  the  per- 
cWoride  of  mercury,  IlgCl,  equivalents  135,  consisting,. in  100  parts,  of  73 -8  parts  of 
Di^nury  and  26*2  parts  of  chlorine.  It  is  prepared  either  by  sublimation  from  a 
D^xturo  of  sulphate  of  peroxide  (red  oxide)  of  morcur}'  and  common  salt,  or  by  dis- 
^Ivin<;  the  same  oxide  in  hydrochloric  acid,  and  also  by  boilin*^  a  solution  of 
chloride  of  magnesium  with  tho  peroxide  (MgCIa+ngOsUCl-f  MGO).  AMicn 
^ubliincd,  this  salt  forms  a  white  crystalline  mass,  which  fuses  at  260°,  boils  at  290°, 
iS!»oIul»li>  in  1^*5  parte  of  water  at  20",  and  in  1-85  parts  of  the  same  liquid  at  lOo*'. 
Atisnuav  readily  dissolved  by  alcohol,  i  part  of  tho  salt  re(|uirinjr  only  2*3  parts  of 
t*oldan<l  I*  18  parte  of  boiling  alcohol.  Mercuric-chloride  has  been  industrially 
^mjiloyod  as  a  prosor\'ativo  for  timber  by  Mr.  Kyan,  and  is  used  in  tho  manufacture  of 
aniline-rod,  in  dyeing,  and  calico-printing,  in  etehing  on  steel-plates,  and  for  tho 
firrpanition  of  other  mercurial  salte.  Lately,  the  use  of  tho  double  salt,  IIg()l2,2K01, 
obtained  by  boiling  chloride  of  potassium  with  peroxide  of  mercury,  has  been  sug- 
Jfosted  as  a  preservative  for  timber.  It  should  bo  borne  in  mind  that  this  prepara- 
ion  of  mercury  is  extremely  poisonous,  and  easily  absorbed  by  the  skin  of  the  hands. 
Qnubir.  •  Under  this  name  is  designated  the  mercuric-sulphide,  llgS,  which  occurs 
lative  in  crystalline  or  compact  rod-colourod  masses,  and  was  known  in  Pliny's 
une  by  tho  term  minium.*  The  cinnabar,  or  vcrmillion  of  commerce,  used  as  a 
)igment,  is  always  artificially  prepared  either  by  tho  dry  or  wot  way.  By  the  former 
)roce8s  540  parte  of  mercury  and  75  of  sulphur  are  very  intimately  mixed.    Tho 

*  Red-lead,  afterwards  called  minium,  was,  as  far  as  it  appears,  unknown  te  the  auf  dents, 
leing  fir&t  prepared  by  the  Arabs  and  Saracens. 
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cusuing  black-coloured  powder  is  introduced  into  iron  vessels,  and  exposed  to  t 
moderate  lieat  so  as  to  cause  the  fusion  of  the  mass,  which,  after  cooling,  is  broken 
ui)  and  thou  introduced  into  earthenwaro  and  loosely  closed  vessels,  beutod  on  a 
sand-bath.  The  sublimed  mass  is  of  a  cochineal-red  colour,  exhibits  a  fibrous 
fracture,  and  yields  when  pulverised  a  scarlet  powder,  which  is  the  more  beautifiil 
the  purer  the  materials  used  in  its  i)reparation  and  the  greater  tho  care  taken  to  avoid 
an  excess  of  suljjhur.  Some  chemists  allege  that  a  greatly  improved  vennillionis 
obtained  if  i  part  of  sulphuret  of  antimony  is  added  to  the  mixture  of  sulphur  and 
mercury  previously  to  the  sublimation,  andthe  sublimed  and  pulverised  muss  placed 
in  a  dark  room  for  several  months  and  treated  with  either  dilute  nitric  acid  or  caustic 
potassa.  According  to  Dr.  J.  von  Liebig,  vciinillion  is  obtained  in  tho  wet  process 
by  treating  tlie  whito  precijiitate  of  the  Pharmacopoeia,  or  hydrargyrum  ainiddo 
liclihraiiun,  according  to  the  formula,  IIgCl,IIgNIIji,  which  con*esponds  to  tho  term 
used,  but  in  Dr.  A.  AV.  Ilofmann's  opinion,  does  not  expi-ess  tho  true  com]>ositi(rj  of 
the  compound.  He  considers  white  precii)itate  to  be  a  chloride  of  ammoniuni,  in  the 
ammonium  of  which  2  equivalents  of  mercury  have  taken  the  place  of  2  equivalents  of 

hydrogen;  formula  ^  !  11^.    Other  chemists,  again,  hold  different  views  us  to  the 

constitution  of  this  body,  which  has  been  used  in  medicine  since,  if  not  before,  the 
time  of  Paraccjlsus.    Vermillion  is  generally  obtained  by  precipitating  a  solution  of 
corrotsive- sublimate  in  ammonia  with  a  solution  of  sulphur  in  sulphide  of  ammonium; 
or,  according:  to  Dr.  von  Martins,  by  agitating,  in  a  suitable  vessel,  i  jvart  of 
sulphur,  7  of  in«?rcurv,  and  2  to  3  of  a  concontratod  solution  of  liver  of  sulphur. 
According  to  M.  Brunnor's  method,  by  which  decidedlj'  the  finest  vennilliou  is 
obtained,  1 14  parts  by  weight  of  suli)hur  and  300  parts  by  weight  of  mercury  ar? 
mixed,  with  tlie  addition  of  a  small  quantity  of  caustic  potassa  solution,  and  incorpo- 
rated by  being  shaken  by  machinery.     The  resulting  black  compound  is  next  treated 
with  a  solution  of  75  parts  caustic  potassa  in  400  part^  of  water,  and  heatvd  on  a 
water-buth  to  45*.     The  mixture  assumes  a  scarlet  colour  after  a  few  hours,  and  as 
soon  us  this  is  apparent  the  semi-li([uid  nmss  is  poured  into  cold  water,  nc^xt  collected 
on  filters,  washed,  and  dried.     The  Vermillion  of  coniinerce  is  often  adulterated  vith 
red-lead,  i)er()xide  (»f  iron,  chrome-lead,  and  mon*  frequently  with  fi-om  15  to  20  per 
cent,  of  gyi>sum.   These  adulterations  are,  however,  readily  detected,  as  they  arc Kft 
behind  when  the  Vermillion  is  sublimed.    Ked-lead,  one  of  the  most  usual  adultcni- 
tions  of  vennillion,  can  bo  readily  dot^^cted  either  by  treating  a  small  quantity  of  the 
oected  samido    witli  nitric    acid,    when    in    consi'quenco   of  tho   fruuiation  of 
"red  peroxide  of  lead,  the  mass  assuun-s  a  brown  colour,  or  by  the  addition 
no  acid,  when  chlorine  is  given  off.     Pure  cinnabar  is  completely  and 
de  in  hydrosulphuret  of  sulphide  of  sodium  (NaSII). 
ttury.       The  comiMnmd  known  as  fulminating  mercury  is  a  combination  of 
,  an  acid  imkn<^wn  in  a  free  st^ito,  and  oi  oxide  of  mercury ;  its  fonnuU  may 
JJHgjN^Oj.      In  100  parts  it  consists  of  77-06  of  peroxide  of  merourv  and 
inio  acid.     A^'conling  to  the  late  Dr.  (ierhardt's  Aiew,  this  body  is  u  uitro- 
.iiicli  may  l>o  reganled  as  cyan -methyl,  the  hydrogen  of  tho  methyl  of  whii'h 

..splacod  byhj-ponitric  acid  and  mercury ;  the  formula  is  then:  C  {  ^  *v»  *  ,CN.    This 

toe  was  first  discovere<l  by  Mr.  Ilowanl,  and  was  known,  until  Dr.  von  Licbip  gave 

to  its  nature,  oh  Wowanl's  detonating  powder.     It  is  prepared  on  a  largo  scale  in 

»—  manner.     First,  2  lbs.  of  moniiry  an>  (b'ssolved,  by  tlie  aid  of  a  frentle  heat, 

"^  aoid  (sp.  gr.  1*33),  and  10  11)m.  mon>  of  nitric  acid  arc  then  added.    The 

mvad  into  six  tubulated  retorts,  and  to  tho  contents  of  each  retort  u 
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)  litres  of  alcohol  (sp.  gr.  0*833).  If  the  ingrcdientc*  are  mixed  by  raca<mrc  instc-od 
tit,  for  every  volume  of  mercury,  there  is  taken  7  J  volumes  of  nitric  acid,  and 
noH  of  alcohol.  After  a  few  minutes  a  strong  evolution  of  gas  tukesplace,  and  at 
p  time  a  white  precipitate,  the  fulminate  of  mercury,  is  formed.  The  retorts  are 
ith  tubulated  receivers,  from  which  glass  tubes  carry  off  the  very  poi.<Kmous  gas 
108,  either  to  a  flue  or  directly  to  the  outside  of  the  sked  in  which  the  operation  is 
[hI.  The  precipitate  is  collected  on  filters,  and  washed  vdt\\  cold  water  to 
e  the  free  acid.  The  fulminate  is  next  dried,  filtered,  and  all  lieing  placed  on 
'  copper  or  earthenware,  heated  by  steam  to  less  than  loo"*.  100  parts  of  mercury 
practice  fn)m  118  to  128  parts  of  fulminate,  while,  according  to  theory, 
lid  be  obtained.  The  dried  fidminato  is,  with  cautious  manipulation,  divided  into 
rtions,  kept  separately  in  a  pajwr  bag.  The  fulminate  thus  prepared  is  a  crj'stal- 
t<'-coloured  substance,  which,  by  being  heated  to  186^  or  by  a  smart  blow,  explodes 
loud  report.  When  placed  on  iron  and  struck  with  an  iron  instrument,  the 
im  is  much  increased.     Tliis  substance  also  explodes  by  contact  with  conc<^ntrated 

0  acid.  When  mixed  with  30  per  cent,  of  its  weight  of  water,  the  crystalline 
te  may  be  rubbed  to  powder  with  a  wooden  pestle  on  a  marble  dab.  The  manu- 
if  this  substance  on  a  large  scale  requires  peculiar  arrangemcnt:<>,  into  the  particu- 
rhi<'h  we  cannot  here  enter. 

n-cap*.  The  fulminate  of  mercury  is  chiefly  used  for  filling  percussion-caps, 
purpose  100  parts  of  the  fidminate  arc  rubbed  to  powder  with  30  parts  of  water, 
25  parts  of  8altx)etre,  and  29  of  sulphur.  This  mixture  is  dried  sufficiently  to 
f  l>eing  granulated,  after  which  it  is  forced,  by  means  of  machinery,  into  the 
^mjjs,  and  simultaneously  coverrd  with  either  a  layer  of  varnish  or  tin-foil,  to 
t  from  damp.  Tin-foil  being  more  expensive  Ls  not  used  for  military  gun-caps, 
t  varnish  for  the  purpose  is  a  solution  of  mastic  in  oil  of  turpentine.  The  caps 
Uy  dried  by  a  gentle  heat,  and  packed  in  boxes.  One  kilogramme  of  mercury 
tl  into  fulminate  suflices  for  the  filling  of  40,000  gun-caps  of  the  larger  or  military 

1  for  5  7,600  caps  of  the  size  used  by  sportsmen. 

Platixum. 
(Pt=  197*4;  sp.  gr.=2ro  to  23*0.) 

cf  of  puiinum.  This  metal  is  only  found  native,  and  then  not  very  abundantly, 
num  ore,  inoro  especially  met  with  iu  the  alluvial  deposits  of  South  America 

(>ural,  iu  grains  of  a  st^ol-groy  colour  and  metallic  lustre.  !N[oro  recently, 
>  of  metallic  platinum  have  been  found  among  the  gold- wa shin  jrs  in  Califor- 

Ikazils,  Haiti,  Australia,  and  Borneo.  A  very  short  time  ago  tliis  metal  was 
red  in  Europe,  interspersed  in  rocks  situated  in  the  parish  of  Roeraas,  in 
',  and  it  is  re])orted  to  have  been  found  in  tlie  lead-mines  near  Ibbinbiiren,  in 
alia.  Dr.  Pottenkofer  states  that  a  proof  of  the  far  greater  dispersion  of 
HQ  than  is  generally  supposed  lies  in  the  fact  that  all  silver  contains  a 
nantity  of  platinum.  The  metal  has  also  been  found  to  accompany  some  of 
>«-r  and  antimonj'  ores  of  Timor  and  New  Guinea.  Platinum  was  discovered 
1  America  by  the  Spaniards,  who,  believing  it  to  be  an  inferior  silver,  gave  it 
inutive  platina  of  the  Spanish  name  for  silver,  plata.  It  was  brought  from 
I  and  made  known  in  Europe  by  a  Mr.  Wood  in  1740,  and  somewhat  invosti- 
n  1767  by  Dr.  K.  Watson,  then  Professor  of  Chemistry  at  Cambridge. 
ellVr,  Director  of  the  Mint  at  Stockholm,  was  the  first  who  thorougidy  in ves- 
the  various  physical  and  chemical  properties  of  this  metal  in  1752 ;  but  as  his 
i«.s  were  published  in  the  Swedish  language,  they  remained  comparatively 
.11  iu  this  country. 

►rei.  The  substance  met  with  in  commerce  under  the  name  of  platinum  ore, 
L»  platinum,  is  a  mixture  of  a  variety  of  metals,  among  which  the  following 
inate: — Platinum,  palladium,  rhodium,  iridium,  osmium,  luthenium,  iron, 

lead,  and  frequently  gianules   of  osm-iiidium,  gold,  chrome-iron   ore, 
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M.'i M..:  ...f      I  hi- iiiitlitHl  (Mipiiuillydi>\n8CHlbythelateDr.WoUaston.u 

'"i.!m.'.*.'.  .'  I  ii.|.i<i\i<ii  h\  ili(>  PnriMaii  platinum-makors,  Chapuis,  I^effl 

III.. I  <  jii.  i.t..  :•:<  I.  I-  :•>  inllnMN:  Tho<in'  is  fiTit  treated  with  cold  aqtiE n 
<ii.->.->..lv<  .11.*  >;..iil  <•  I. il  lilt  I i.jii id  Ni'paratt^l  from  the oro  by  filtration.  Then 
i.N  .11,  Mil.  <  1 1,1  (ill  u.  ill,  .i<{ii:i  ii«i{i:i  in  a  rot  ort,  and  heat  applied;  the  distillate  c( 

•  iM.iii-   III  III    liixi    111"    iii>itliil)lo  it^Niihio  in   tho  retort  oam-iridium,  ruth 

•  III ii'i :ii.>i  tii.iiiiuiM-iriMi   01V.     Tho  acid  liquid  contains  pall 

|ili«fiiiiiiii   il.oiiiii ({  Minif  itiilnnn.  in  solntion,  and  the  acid  haTing been n 

iMil  uitii  i  iil.M.ii.  I.I  mmIii,  tlio  fluid  is  niixiMl  with  cyanide  of  mercmy. « 
Iwliiiiiiiiin   l^  M|>.iiiifi'ii  MN  (>iniidi>  of  ]^i11adium.    That  precipitate  hariz 

KhiiiiVinI  I.\  iitdiif Ilii>  liiiuid.dUnli'd  Mith  wator,i$i  next  ooncentiated by 

Ml«m,  iKiil  ili«  II  liiiVfil  uiili  li  iNiiMMMilmtiMl  solution  of  chloride  of  ammonr 
MMiiiv  i'i'miIImii.-  ill  II  |iriM'i|iiiiilp  ilMt^'l^.^NlUrr:.  of  the  doiible cKloride of  p! 
Mil  amiiiiiiiHitii,  iiiiili«iiii)if<  i>ii1\  II  lr;ii'(>  of  iridium,  whicb,  as  it  imparts 
nui^liiiiMi  \;  |)l:iiii,itiM.  It-  110I  nijunous.  'IMir  ]^l]itinum  sal-ammoniac,  as thv 
'*•■«  in  iiiiliiHriHllv  iiiiiiiiHi.  IN  tii>t  drii'd  nud  aiftorwards  ignited,  leavin:; 
l*'«i!iiiiiii.  mlih'b  IK  t'liii'ml  b\  iiiiMiiiN  ni  ]ivopi'rly  fitting  pi Mons  into  Steel  tulK* 
^•^  iN«fliiiiw«,  Uic  iipffiHum  iNtiuj^  rt'iMMilisl  {i>  ofti'u  as  is  required  to  obtain  i\ 
'A  II  <v>inpiic*i  Aohori'iil  nUto,    Aivonling  u^  MM.  Do«tcotil  and  Hess,  platis 
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be  first  fused  with  from  2  to  4  times  their  weight  of  zinc,  the  cooled  britt?e 
"ulverised,  and  treated  with  dilute  sulphuric  acid  to  eliminate  some  of  the 
Ld  zinc ;  the  remaining  substance  is  then  treated  with  nitric  acid,  which 
es  the  rest  of  the  iron,  copper,  and  lead.  The  ore  is  afterwards  treated  with 
3gia,  wliich  acts  more  readily  on  account  of  the  fine  st^te  of  division  of  the 
L  M.  Jeannetty  (Paris)  found  that  platinum  becomes  readily  fusible  by 
lition  of  motallic  arsenic,  which  is  afterwards  volatilised. 
SftaTy.*"*  ^^  excellent  method  introduced  by  MM.  Deville  and  Debray,  in 
B  based  upon  the  fact  that  metallic  lead,  while  fusing  with  platinum  oix), 
68  all  the  foreign  metals,  osm-iridium  alone  excepted.  The  platinum  ore  is 
aently  placed  on  the  hearth  of  a  reverberator^'  furnace,  and  having  been 
with  its  own  weight  of  galena,  a  regulus  is  obtained,  under  which  the  osm- 
tt.  is  left,  while  a  lead  slag  floats  on  the  top,  the  iron  decomposing  a  portion  of 
lena  and  producing  metallic  lead.  The  regulus  is  heated  in  a  cupel  furnace, 
by  all  foreign  metals  are  volatilised  or  absorbed  as  oxides,  leaving  the  metallic 
um,  which  is  refined  by  being  again  melted  in  crucibles  made  of  lime,  which 
)8  and  eliminates  all  impurities,  such  as  silicium,  iron,  copper,  &c.  The  fuel 
or  this  purp4^3e  is  coal-gas,  the  combustion  being  kept  up  by  means  of  oxygen, 
nelting  of  i  kilo,  of  platinum  requires  100  litres  of  oxygen  gas  and  300  litres 
l-gas.  The  firm  of  Messrs.  Johnson,  Matthey,  and  Co.,  the  most  eminent  and 
ive  platinum  smiths  in  the  world,  exhibited  at  the  International  Exhibition 
2  an  ingot  of  ])ure  platinum  weighing  no  less  than  2J  cwts.,  valued  at  £4,000, 
d  by  the  method  of  MM.  Deville  and  Debray.  The  molten  platin'un  is  after- 
submitted  to  the  action  of  a  steam-hammer  to  render  it  dense,  solid,  and 
lalleable. 

i«  of  Platinum.  This  metol  is  nearly  as  white  as  silver,  but  with  a  steel-grey  shade, 
bits  coiLsiderable  lu?«tre ;  is  very  nmlleuble  and  ductile,  and  so  soft  that  it  readily 
of  Ixriiig  cut  with  u  pair  of  scissors.  It  may  be  drawn  in  wire  thinner  than  a 
i  web,  Jin   oi>eratii)n  conducted  by  coatinjr  an  already  thin  platinum  wire  with 

The  wire  tlius  prepared  is  drawn  out  and  the  silver  afterwards  reniovetl  by  nitric 
hich  tU.':«4M^)lves  that  metul  but  leaves  the  platinum.  The  specific  gravity  of  platinum 
rom  210  to  23-0.  This  metal  admits  of  being  welded  at  a  white  heat,  and  may  be 
by  the  oxyhydrogen  flame,  its  melting-i)oint,  according"  to  Dr.  Deville,  being 
1  1460"  to  14S0''.  Platinum  occurs  in  commerce  aa  spongj-  platinum,  black  platinum, 
)r  hammered  and  ciist  platinum. 

latinam.  Black  and  spongj'  platimun  possess  the  property  of  absorbing  and  con- 

Tatinum.  deiisiiig  large  quantity  of  gase^s,  more  especially  oxygen.  If  a  jet  of  hydro- 
directed  upon  tlie  sponjn'  metal,  black  platimmi  beinjr  tmly  an  exceedinglv  finely 
gponpy  platinum,  the  gas  combines  ^'ith  the  oxygen  absorbtKl  by  the  metal,  forming 
and  this  combination  is  attended  with  so  great  a  development  of  heat  that  the 
m  becomes  nil-hot  and  cimses  the  ignition  of  the  hydrogen.  It  is  upontliis  property 
e  well-known  Dtibereiner  lamp  is  bawnl.  Black  platinum  is  prepared  either  by 
sulphate  of  platimun  with  carbonate  of  soda  and  sugar,  when  the  black  platinum  is 
ated  as  a  v(Ty  fljie  powder,  or  by  melting  platimun  and  zinc  together,  and  treating 
>y  with  dilute  sulphuric  acid.  Black  platinum  is  industrially  employed  in  the 
cture  of  -vinegar  directly  from  alcohol. 

'^HaxS  Platinum  may  bo  worked  by  hammering  or  by  canting.  The  following 
SiiMiy.  firms  are  platinum  workers : — Heraeus,  at  Ilanau  ;  Freres  Chapuis ;  Des- 
and  Quennessen,  Grodart  and  Labordenave,  at  Paris ;  and  Messrs.  Johnson,  Matthey, 
».,  London.  Tlie  chief  use  of  platinum  is  for  various  apparatus  in  chemical 
iries.  ^Vlthough  this  metal  withstands  a  very  high  temperature,  and  is  proof 
a  large  numlx-r  of  chemicaU  which  attack  or  destroy  oth(»r  materials,  it  requires 
in»  in  it^Huso,  as  it  is  readily  acted  upon  by  caustic  alkalies,  fusing  nitrate  of  potassa, 
ciriue,  alkaline  sidphurets,  phosphorus,  molten  metals,  and  readdy  reducible  metallic 

Cmeiblcrs,  spoons,  blo'wj)ipe  points,  the  points  of  lightning  conductors,  tongs  and 
and  boiiara  for  concentrating  sulphuric  acid  arc  made  of  this  metal.    A  boiler 
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capable  of  concc^ntrating-  daily  8  tons  of  Holphurio  acid  costs  about  £2500,  while  a  1 
but  Himilar  vesi<ol  for  concentrating  daily  5  tons  of  acid  costs  £1640,  the  value  of  tbo 
metallic  platinum  for  this  nizo  exceedinpr  £icxx>.  Platinum  is  also  unefl  f  jr  galvanic 
apparatus,  mu^ard-  8i>oons,  and  now  and  then  for  omanientil  work  in  watchca«se.s  chaiiw, 
&c.  More  recently  platinum  has  been  used  in  porcelain -staining  to  produce  a  greyish  hoe. 
In  the  year  1828,  the  KuH.sian  Government  (M)miuence<l  coining  platinum,  3,  6,  aud  12 
rouble  pieces;  but  by  a  ukase  of  22nd  June,  1845,  ^^^^  coinage  was  discontinued,  aud  the 
money  made,  14,250  kilos-  in  weight,  (tailed  in.  Tn  France  platinum  is  used  for  making 
medals,  cs|>e<:ially  prize  me<lal8  for  exliibitions.  Tlie  fin*t  platinum  coin  ever  made  wm 
struck  at  the  Paris  Mint  in  1799,  the  dies  ha\4ng  been  engraved  by  M.  Duvi\*icr  with 
the  effi'ry  of  the  tirst  Consid,  afterwanb*  Xapolcon  I.  In  the  year  1 7SS  there  was  presented 
to  Louis  XVI.  a  watch,  some  of  the  works  of  which  were  made  of  platinum.  Small 
caps  or  cylinders  woven  in  ]}latinum  wins  are  used  to  emit  light  when  Hindered  highly 
incandescent  by  the  flame  of  burning  hydrt)gen,  the  arrangement  being  termed  a  platisom 
gas  lami>.  According  to  M.  Kraut,  platinum  frequently  contains  barium,  or  u  combination 
of  that  mct.ll. 

Platinum  Aiioy».  JiA  bcforc  observed  platinum  readily  alloys  with  other  metals.  Amon^  thwe 
alloys,  that  tirst  made  by  Deville,  consisting  of  78" 7  platinum  and  2\'^  iridium,  espe'^ially 
deserves  notice,  as  it  is  not  acted  ujwn  by  nitro-muriatic  acid,  and  ishard  and  malleable. 
An  alloy  of  ]>latinum  containing  10  to  15  x)er  cent,  of  iridium  withstands  iirc  and  resgenti 
far  bt?tt«.T  than  platinum  alone  and  in  harder ;  hence  the  vessels  nuule  with  it  are  not  10 
liable  to  be  Ix-nt  rmt  <»f  shajK?  as  those  of  platinum.  Acconling  to  M.  Chapuis,  an  allor  of 
92  parts  of  platinum,  witli  5  pnrta  of  iridium,  and  3  parts  of  rhodium,  resists  vanons 
reagents  l>etttr  than  platinum  alone.  The  alloy  of  3  pa  .'is  of  platinum  with  13  parts  of 
copper  is,  according  to  M.  Bolzani,  equal  in  all  respects  to  gold.  Dr.  Percy  states  that  aa 
alloy  of  platinum  aud  gold  for  crucibles  and  other  small  vessels  api)lie<l  in  chemical  open- 
tions,  is  best  pmof  agjiinst  alkalies.  An  alloy  of  ecjual  parts  by  weight  of  steel  and 
platinum  is  the  best  whit(»  si)eculum-alloy  knoT^-n  :  its  sp.  gr.  =  9S62. 

ElayiPiacno-chiuridc.  This  comiK)und  (PtG3H,Cl2)  is  obtained  by  repeatedly  dissdlTing 
chloride  of  platinum  in  alc<»hol,  and  evaporating  the  solution  to  dryness.  A  very  dilate 
solution  when  heated  on  a  sheet  of  glass  or  a  porcelain  slate,  yields  a  lustrous  coating  of 
platiinun 

Sil\t:r. 
(Ag=  108 ;  Sj).  gr.  =  10-5  to  107.) 
siirerand  it«  occurwnce.  Silver  IS  a  tolerably  abundant  metal,  and  is  found  xwirtly  in  the 
native  in«.'tallic  state,  almost  always  containing  gold ;  partly  in  combination  witii 
other  metals,  as  arsenic,  antimony,  tellurium,  mercury,  or  combined  with  sulphur 
aud  other  sulphurets.  Silver  rarely  occurs  as  oxide  or  combintMi  with  acids.  The 
chief  ores  are  :— The  sulphuret,  silver-glanco  (AgjS),  containing  from  84  to  86  per 
cent,  of  silv(?r  ;  the  dark-coloured  ruby  ore  (3Ag2S  4-  Sh2S3),  with  58  to  59  percent 
wf  silver  ;  the  light-coloured  ruby  ore  (3AgjS4-  As^Sj),  with  64  to  64*5  per  cont.  d 
silver;  miargj'rite  ( Ag^S  -f-  SbjS3) ;  and  the  brittle  antimonial  silver  ore  {6X^^^^ 
vdth  about  67  to  68  per  cent,  of  silver;  polybasite  [(Ag^S,Cu^S>g,SbjS3],  with  6410 
72-6percent.ofsaver;andthewhiteore[(FeS,ZnS,Cu,S)4.Sb,S3-|-(PbS,AgS)4,Sb,S5], 
with  30  to  32*69  per  cent,  of  silver.  Galena  frequently  contains  silver,  usually 
between  o'Oi  and  0.03  per  cent.,  and  sometimes  as  much  as  0*5  to  I'o  percent 
This  load  ore  is  the  chief  source  of  the  silver  prtnluced  in  the  United  Kingdom. 
Borne  copper  ores  contain  silver  to  an  amount  varying  fn)m  0*020  to  I'loi  per  cent 
With  regard  to  zinc  ore  the  reacb.T  is  referred  to  the  statements  under  that  head. 

Btiitictioii  of  Silver        The  metallurgical  process  employed  in  the  extraction  of  silver  maybe 
ftom  iiH  ortn.        a„y  of  the  following  : — 
1.  By  the  wet  way. 

1.  Uy  trie  aid  of  menMiry. 

a.  European  method  <^f  amalgamation. 
//.  American  method  of  amalgamation. 

2.  By  iu?ans  of  solution  followed  by  precipitatioxu 

a.  Augustine's  method. 

b,  Ziervogel's  method. 
«.  Sundr}'  methods. 
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EL  By  the  dry  way. 

1.  By  ooiioeiitrating^  lead  ores  rich  in  silver. 

2.  Separation  of  the  silver  from  the  lead. 

a.  Separation  on  the  hearth. 

b.  Ck>noentratLnff  the  silver  in  the  lead  by  Pattinson*s  method. 
e.  Eliminating  tiie  silver  from  the  lead  by  means  of  zinc. 
d.  Befining  the  silver-glanoo. 

rfbrSflTeriHreetir.       I.  It  only  rarely  happens  that  silver-  ores  aro  rich  enough 

to  admit  of  the  metal  being  obtained  hy  a  direct  smelting  process. 

^^USSHiSi^S!!^  ^  2.  The  method  of  obtaining  silver  by  the  aid  of  mercury,  or  the 
imalgamation  process,  is  chiefly  applied  to  very  poor  ores,  and  to  such  metallur- 
gical products  as  contain  only  loo  to  120  grms.  of  silver  to  the  metrical  cwt. 

Baropem^ABuJcamAtioa  rp|^g  procoss — uow  obsolote — wos  couducted  in  four  principal 
operations — viz.,  i.  The  roasting ;  2.  Amalgamation  ;  3.  Separation  of  excess  of 
nercury  from  the  amalgam  by  mechanical  means ;  4.  Volatilisation  of  the  mercury, 
rhere  was  first  added  to  the  ores  about  10  per  cent,  of  common  salt,  and  the  mix- 
nre  roasted  to  volatilise  the  antimony,  arsenic,  and  other  volatile  minerals,  the 
Hunee  being  condensed  in  properly  arranged  rooms.  By  the  reaction  of  the  com- 
non  salt  upon  the  pyrites,  converted  by  the  roasting  into  sulphate  of  iron,  there  is 
brmed  sulphate  of  soda,  chloi-ide  of  iron,  and  sulphurous  acid,  which  escapes.  The 
zhioride  of  iron  exchanges  its  chlorine  with  the  silver,  the  result  being  the  forma- 
tion of  peroxide  of  iron.  There  are  also  formed  sulphate  of  copper  and  persulphate 
of  iron,  which,  while  oxidising  any  sulphuret  of  silver  to  sulphate,  become  reduced 
to  protosulphates.  By  the  further  action  of  the  common  salt,  chloride  of  silver  and 
inlphate  of  soda  aie  formed,  and  the  other  metals  converted  into  chlorides.  The 
brown-coloured  mass  is  next  transferred  to  the  amalgamation  tuns ;  and  after  the 
iddition  of  water,  mercury,  and  iron,  thsse  tuns  are  made  to  rotate  on  their  longi- 
tudinal axes  for  a  period  of  16  to  18  hours,  the  velocity  being  rof2:ulated  to  20  to  22 

revolutions  per  minute.     The  iron  while  combining  with  the  chlorine,  causes  the 

T^uction  of  all  the  other  metals  to  the  metallic  state,  and  as  far  as  cajmblo  these 

tlien  form  an  amalgam  witih  mercury. 

In  order  to  elucidate  the  amalgamation  process  wo  wiU,  for  example,  take  a  silver  ore  to 
eooaiatof — 

(Cu,SHA.gS,FoS)  +  (A8A,Sb,,S3) 
from  which  the  silver  is  to  be  separated,  according  to  the  method  just  described.*     After 
the  roasting  with  conunon  salt  (ClNa),  there  being  taken  up  in  this  instance  30  mols. 
of  oxTgen,  the  following  substances  are  formed : 

[(Cu,Cl„Aga,reiCl,)  +  3^X804]  +  [A8P3  +  Sb,03  +  6S0  J, 

Non-volatile  substances.  Volatilised  substances. 

Tite  dianges  which  are  effected  by  the  action  of  the  iron,  mercury,  and  water  in  the  amal- 
gamation tuns  are  ejthibitcd  by: — 
[(CD,a^ga,FeCl  J  +  3Na,S0,  +  3re  +  «Hg = 3Na,S0,  +  (Cu,  Ag,«ng)  +  4FeClJ. 

Amalgam. 
At  the  end  of  the  period  destined  for  the  rotation  of  the  tuns,  the  amalgam  is  run 
oft    The  excess  of  mercury  is  strained  through  a  coarse  canvas  bag,  and  collected 
in  a  stone  trough  or  tank.     The  real  amalgam,  a  thick  pasty  mass,  remains  in  the 

*  No  attention  is  paid  in  this  case  to  the  volatile  chlorides  of  sulphur,  arsenic,  and 
antimony  which  are  simultaneously  formed.  The  reader  who  desires  more  extensive 
bfonnation  on  the  subject  here  briefly  outlined,  is  referred  to  Mr.  Crookes's  '*  Metallurgy," 
roLL  g 
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bag,  wKicli  is  next  strongly  pressed  between  planks  to  scjneease  out  any  fa 
excoas  of  uon-argentised  Morciuy.  Tho  solid  atnalgaiu*  is  tbon  ttanaferrc^l  to  t!i** 
inm  plates,  ?#6»  (Fig.54),  aiTangi:**!  aa  shown  in  the  woodcut,  and  a»  already  d*,'8crib«l 
under  tb«^  article  Mercury,  By  tho  tietion  of  tlie  fire  tlia  mercury  ib  sc'paratwi  fivm 
the  amal^tinii  iind  being  robitilis^ni,  is  collected  under  the  water  contained  10  «ll 
while  the  met^ilLic  silver  und  other  motals  mixed  witli  it  ar^  left  on  the  iron  pUttfl^ 


At  the  present  time,  ianlpad  of  the  ab^jve  contrivance,  there  i^  usod  an  ironc 

tailing  appamtii»,  not  unlike  cylindrical  iron  gas  retorts,  one  end  being  fitted  1 

movable  hd  for  the  intix»d action  of  the  amalgatu,  and  the  other  end  eonne^ed  witk 

an  iron  tube  which  dips  into  a  tn>ugh  hllt^i  with  water  to  condense  the  Tolati 

mercury*     Superb uuted  steam  is  also  advantageously  iLsed  to  separate  the  mea 

from  the  aTnalgam.     Tho  cnide  eilver  left  after  tho  separation  of  the  me 

submitted  to  a  tirst  rolining  smelting,  by  being  put  into  graphite  crucibles,  %vA\ 

sui'face  covered  witk  charcoal  powder.     But  even  after  this  smelting  the 

always  contains  a  certain  quantity  of  copper,  from  which  it  can  only  bo  &ep 

by  refining  in  a  cupel  furnace. 

Am*rii:«i  Airai«mnatk»n     The  American  prooesa  \s  chipRy  used  in  >f 
*''«««•  CaUfomia.     The  ores  to  which  it  \»  pmem 

sliver  ores  and  fahl  ores.    These  are  first  pulverised  m  wtanii  _. 

*  According  to  Dr,  Kareten,  the  compoeitioii  of  the  soUd  amalgnm  is  ;^ — Silver,  \ 
iDcrctiry,  84*2  ;  copper,  3^5 ;  lead,  o'l ;  eihc,  0"2. 

t  The  eiilvcr  left  on  the  platea  at  the  Freiberg  mines  ocmiusts,  acoording  to 
Lampadiii^  of: — Silver,  750;  merciir}%  07 ;  eop|»er,  21*2;  iead,  1-5,     Tho  relliL.„ 
of  the  same  place  eontaiiiB,  aocording  to  Professor  Pliittner : — Silv^er,  71*55  ;  copper*  ^ 


^^ftiiiir  up«ni  ino  romimm  sail,  are  couvfnt-a  iiir^i  ciin)rKio8  oi  trie  motuis  ana  Huipnate 
Tho  chlurides  nrtin^  upi)ii  tin*  sil\-or  oouvert  it  into  chloritlo,  and  this  becoming 
i\  by  the  oxo<»sm  (»f  sjilt,  is*  Gtinvcrted  by  the  mcrcnry  to  t}ie  m<»tallic  state.  Somo  of 
onry  is  converted  into  calomel,  and  the  excess  dissolves  the  silver,  becoming*  amal- 
i  with  it.  This  American  process  nHpiires  a  great  length  of  time,  and,  moreover, 
IS  an  enormous  loss  of  mercury,  as  for  every  mol.  of  silver  redu(re<l  from  the  chloride 
metal  there  is  formed  i  mol.  of  calomel  (lljr/'l,).  On  the  other  hand,  this  method 
<.if  the  extraction  of  silver  from  ores  too  poor  to  be  treated  in  any  other  way, 
irreat  sa\*ing'  of  fuel  is  obtainecL 

l.lMJic'I'm.**^  This  hydrometalhirpical  methoil,  invented  by  ^f.  Augiistin,  is 
i|>on  tho  formation  of  a  soluble  double  chloride  of  silver  and  sodium  when 
e  of  silver  is  treated  with  an  excess  of  a  warm  solution  of  common  salt,  and 
►on  the  fact  that  copper  is  capable  of  precipitiiting  all  tho  silver  from  this 
n.  The  ore  is  first  reduced  to  a  fiuely-divide<l  powder,  which  essentially  con- 
ilphurets  of  copper,  silver,  and  iron.  This  jwwdor  is  nmsted,  fii-st  without 
lition  of  common  salt,  with  the  result  that  sulphates  of  the  metals  are  formed, 
eeptinj?  that  of  silver,  aprain  decomposed  by  a  hijsrher  temponituro.  The  mass 
roasted  with  common  salt,  whei-eby  the  sulphate  of  silver  is  converted  into 
e.  The  mass  is  then  treated  with  a  con(!eutrated  hot  solution  of  common 
hich  dissolves  the  chloride  of  silver,  and  from  this  solution  the  silver  is  pre- 
mI  by  metallic  copper,  which  becomes  chloride  of  copper,  and  is,  in  its  turn, 
tated  by  metallic  iron. 

1-1  Method.  This  method  is  to  some  extent  similar  to  that  just  described,  but 
^tinff  with  common  salt  takes  place.  The  roasto<l  ore,  chiefly  containing  as 
il  ingredients  sulphate  of  copper  and  sulphate  of  silver,  is  treated  with  boiling 

0  dissolve  these  sulphates,  and  yield  a  solution  from  which  metallic  silver  is 

tated  by  means  of  copper,  tho  sulphate  of  that  metal  being  obtained  as  a 

:luct.     ANTien  the  ores  happen  to  contain  arsenic  and  antimony,  this  method  is 

dicable.  as,  by  the  roasting,  arseniate  and  antimoniate  of  silver  are  formed, 

are  insoluble  in  water.     If  lead  is  present,  tho  ore  becomes  fluxed  and  the 

2  a  far  more  difficult  matter. 

KmV'Ei**"'}™'*^  ^^'  ^^^^  I^itter  von  Tlrtuer  suggests  the  treatment  of  the  ores 
siiVrr.  ^^^  "**  as  in  tho  Kuropc-an  anial^matiim  pnx-ess,  and  the  extraction  of 
•ride  f»f  silver  by  means  of  a  hyi>«>suli>lnte  of  so<la  solution,  the  metallic  silver  being 
ecipitat«-d  by  the  aid  of  fM)j)por  or  tin.  Dr.  Patera  sug>re>ts  the  substitution  in 
in's  method  of  a  hjixi'^ulphite  of  .s>da  solution  for  that  of  conunon  .*yilt,  the  former 
ai)rr.*  nianajj^eable  and  a)>plicablo  ('(»Id.  Similar  N\ig>ri"**tions  liave  lH>en  made  by 
IV,  who  also  advo<*ates  the  ai>plicability  of  h^-yxwhlorite  of  lime,  and  of  chlorine  gas 
erting  the  silver  into  chloride.  MM.  Ilivcm  and  (rmelin  wen*  the  first  to  sujjf^st 
of  ammonia  for  the  purjJO'Hi'of  exti-Jietiug  and  <li.ss<»lvinir  the  chloride  of  silver  after 

1  hud  been  roasted  ^nth  common  salt :  the  precipitatiim  of  tin*  cliloride  fnim  tho 
acAl  solution  by  means  of  sulphurio  acid,  and  the  smeltinfr  of  the  cliloride  with  a 

flux  to  obtain  metallic  silver.     Wv   must  not  (»mit  to  mention  the  method  of 
iig  silver  from  copper  rcgulus  and  mattes  by  means  of  hot  dilute  sulx>liuric 
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add,  whereby  the  copper  Ib  diMolved  and  a  residue  left  oontammg  the  aQver,  wUdi  if 
further  extracted  in  the  dry  war  by  means  of  lead. 
BxtncUon  or  butvt     The  method  of  extracting  silver  from  ito  ores  by  means  of  lead  is  based 

bj  thr  Dt7  Way.    upon  : — 

1.  The  property  of  lead  to  decompose  sulphuret  of  silyer,  with  the  fonnatioii  of  solphiiret 
of  lead  and  metaUic  silver ;  ^^^  \    yield   |  p^^^" 

As  lead  hardly  acts  at  all  upon  the  other  metallic  sulphides,  and  least  of  all  npon  those  of 
copper  and  iron,  the  products  of  the  smelting  are  lead  combined  with  sUver,  anid  a  regnlu 
consisting  of  the  sulfmurets  of  lead,  copper,  and  iron.  This  method  of  extraction  suooeedi 
best  with  ores  containing  as  small  a  quantity  of  copper  as  possible. 

2.  Upon  the  decomposing  reaction  exerted  by  oxide  of  lead  and  sulphate  of  lead  n^ 
the  sulphuret  of  ulver,  in  consequence  of  which  there  are  formed  metallic  lead  oontaiiung 
silver  and  sulphurous  acid : — 

3.  Upon  the  reducing  action  of  lead  upon  oxide  of  silver  or  npon  Bulphate  of  iQver:-- 


2Pb     )      .,,    /PbO 

and  ™         V  (PbAg 

Ag2S0,/  g(j 


4.  Upon  the  greater  afBnity  of  the  silver  for  lead  than  for  copper.  If  copper  that 
contains  silver  \a  melted  with  lead,  the  result  is  the  formation  of  a  readily  fusible  alloy  of 
lead  and  a  difficultly  fusible  alloy  of  copper  and  lead,  the  former  metal  bong  separable  by 
liquation.  ^ 

ModcofimpAtinirth*       OhIv  genuine  silver  ores  are  submitted  to  the  operation  of 
^***iS*?Sf"'"*     smelting  with  lead,  but  these  ores  usually  contain  yariable  pro- 
portions of  copper,  lead,  cobalt,  sulphur,  and  other  substances.    The  result  of  the 

Fio.  55. 


lelting  with  lead  is  the  production  of  a  metal  containing  silver,  to  be  separated  bT 
ly  of  the  following  operations  :— 

1.  On  the  refiuing-fumace ; 

2.  By  Pattinson*s  process ; 

3.  By  means  of  zinc. 

BtftiiBt  Procwt.     This  operation  is  as  frequently  carried  on  at  lead-ore  smelting- works 

«8  where  only  silver  is  smelted.     The  rationale  of  the  operation  is  that  lead  is 

iwdily  separated  from  such  metals  as  are  at  a  high  temperature  either  ozidisable 

k  yery  great  difficulty  or  not  at  all ;  whereas  lead  oxidises  readily,  its  ozidd 
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Ifl^^Boid.     But  it  is  requisite  tlmt  the  oxide  of  lead  should  be  remcFved  or  ab- 
[  bva  suitable  medium,  generally  the  porous  substance  composing  the  cupel  or 
of  the  hearth  of  the  redning  furnace.    The  operation  is  cjurried  on  as  long  aa 
r  oxide  and  metallic  lead  remain,  bo  that  only  the  silver  is  left.   This  operation  is 
interpiirt  on  the  large  scale  of  the  well-known  lead-silver  assay  carried 
le  ^ith  bone-ash  cupels.     The  refining  fuiTiace,  see  Fig.  55,  is  a  circular 
erberatory  bloi^t- furnace.     The  hearth^  A,  ia  covered  with  a  dome  of  stout  sheet- 
l«  lined  inside  with  fire-clay,  and  removable  by  means  of  a  crane,  D.     That  por- 
.  of  the  hearth  upon  which  the  smelting  is  carried  on  is  oonBtructed  of  a  porous 
tice,  generally  lixivia  ted  wood-oah  or  marl  of  good  quality.     The  cavitj^,  c,  is 
oded  for  c^jllecting  the  silver ;  s  ifi  the  space  for  the  flame.     In  the  circular  wall 
ch  surrounds  the  hearth  tlujre  are: — (i).  Tho  door»  not  exhibited  in  the  cut,  which 
ents  a  vertical  section  intended  for  the  discharge  of  the  molten  btharge.     At 
tbu  outset  of  the  smelting  this  door  is  only  partly  clused  with  fire-clay  to  admit  of 
\  litharge  bcnng  run  off.     The  furnace  ia  charged  with  lead  to  a  little  alxive  the 
ff\  of  tho  lower  sill  of  this  door,  and  the  fire-clay  gnidiially  removed  as  the  level 
be  fuj^  litharge  sinks.     (2),  The  door,  P,  opposite  to  tho  fire-  pkce,  and  intended 
^the  charging  and  construction  of  tho  hearth.     (3).     The  openings,  a  a\  admit- 
;  the  tuyeres  of  the  blast. 

*  rpfiniDg  opera  tioi]  m  c&rried  on  at  a  gradt^^H  J  mcrcased  tcmperatore  until  only  a  very 
I  kTCT-  of  ojtitle  of  lead  covers  the  surface  of  tli©  silven     This  in  known  bv  the  peculiar 
»J»T  fff  <v>lour»,  tcfchnicaUy  known  as  the  fn-uthtenitnj,  more  aptly  expressed  m  Qennan  by 
'  '1  means  liffhtemng^  for  that  i»  really  tlie  appearance.    This  being  obaerv€'d»  the 

ue<l,  and  the  silver  having  bec;n  vmAf^  with  water,  ia  reiaoved  from  the 
...  i  ..c  litharge  which  runs  oS  ia,  on  oooUug,  a,  yellow  or  reddiwh-yclluw  crytitaUine 
^*«  Lead,  p.  63), 
hmmmtn*atoA  The  refining  process  just  described  is  not  suited,  that  is  to  say, 
dow  not  pay.  when  tho  lead  contains  only  012  per  cent,  of  silver.  Now  it  so  happena 
tbt  the  Turious  kinds  of  galena  met  with  in  England  yield  a  lead  which  ontains 
only  0  oj  to  0*05  per  cent  of  silver.  In  1833,  Mr.  H.  L.  PuttinsoOi  of  the  Felling 
Hivnucal  Works,  ncarOate^head-on-Tyne,  instituted  a  series  of  experiments  relative 
to*  new  method,  applicable  on  the  large  scale,  for  separating  le-ud  from  silver  when 
tW  latt*?r  i«  present  in  small  quantities.  His  efForU  were  successful,  and  have 
greatly  benefited  his  own  and  other  countries  where  his  process  is  worked. 

PittiusoivV  moth^^xi  essentiiiUy  eonjsiists  in  &  comjontratioij  procesa,  based  upon  the  pheno- 

^n^TiiPn  thjtt  whi?n  a  certain  quiintity  of  lead  that  enntains  silver  ia  melted  in  iron  eunldrons, 

*fid  thi'    fiui4l    maf*   allowed    to   cool    uniformly,    there   ea^uea  a   fomiattnn  of    smidl 

««iahixlml  crystalB  which  do  not  contain  any  silver  ut  all,  or,  at  any  rate,  are  a  great 

^]  pjjtirtT  ill  silver  than  tho   mctul   originally  t^iken,  while  tlie  portion  of  the  metal 

^'l!lmiJtiJf  fluitl  in  found  to  contain  nn  increased  quantity  of  !*ilver.     It  h  clear,  thci^ 

f.^    ....   :*  ^Yie  pryBtali  fir^t  obtained  are  ai^aiu  molt4?d  and  coolod  uniformly,  another 

s  will  lio  obtained,  and  that  the  np'nitifni  can  be  nji>eated  until  a  lead  is 

'1  enough  in  wlh^r  to  admit  of  undergoing  a  refiniux  prooe^.     Practically, 

!!*  meth'jd  admits  of  eonoeutratiiig^  2' 5  per  oont>  of  silver.     In  the  e^ceeution 

^*»,  th^  \  and  |  aystems  are  employed!     If  the  first,  at  ev«r>'  operation  two- 

'f  the  cauldron  are  removed  wifti  perforated  ladles,  while  in  the 

v^  is  the  quantity  of  crystals  laiUed  outj  lea^'ing'  respecti^-ely  one- 

f   tho  contentH  of  the  caultlron  in  tho  uhape  of   fiuid  lead.     The 

i  for  the  richer  lead,  the  |  wyKtem  for  very  poor  Icfid.    M.  Boudchea 

I     Pattdn^on't*    process.      Instead   of    ladlingr  out  the  cryatals,  he 

LtlieiQ    in  tlie  lead,  and   stirs  them  about  to  prevent  them  enfloHiu^  any  lead 

Vr-cmt^in  ♦ftlver.   The  leud  is  withdrawn  from  the  cauldn3n  by  means  of  a  tap  at  the 

In  «U  ai*4C*i,  howcvxT,  the  quantity  of  lead  operated  on  at  one  time  is  always 

,  yi«nerullr  200  cwt?^.,  to  can«e  the  co<>l in^-  to  procetHl  slowly.     At  the  Freidrich  Lead 
r  WorkSf  near  Tamowitx,  the  enriched  lead  contains  i  2$  per  oeut.  of  silver. 
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!»  metal  perfectly  pure.  Molten  silyer  absorbs  oxygon,  which  is  again  expelled 
letal  on  HuLidiiicutiuu«  and  gives  rise  to  the  phenomenon  known  by  siiver-assayers 
%  the  escape  of  the  gun  cuuHing  the  metal  to  be  forced  aminder  in  small  drops, 
when  the  molten  silver  contains  even  i  per  cent,  of  either  lead  or  copper,  it 
vithout  spirting.  Silver  is  not  acted  upon  by  dilute  acids,  but  is  readily  dissolved 
d  by  nitric  acid.  Silver  is  very  sensitive  to  the  action  of  sulplAretted  hydrogen, 
it  is  readily  tamic^hed. 

iTcr.     Silver  alloys  readily  with  lead,  zinc,  bismuth,  tin,  copper,  and  gold ; 

lost  important  alloy,  iu  an  industrial  point  of  yiew,  is  that  with  copper, 

;r  being  too  soft  for  general  application.  All  silver,  therefore,  whether  used 

coin,  or  for  ornamental  purposes,  inraiiably  contains  a  certain  amount 

.    In  most  civilized  countries  there  exist  laws  regulating  the  alloy  of  silver 

1  for  coin  or  plate.    Pure  silver,  or  fine  silver,  is  now  generally  indicated 

The  alloy  for  the  silver  coins  of  Gennany  is  indicat^^  by  t^ ;  meaning 

parts  by  weight  of  the  coin  contain  900  parts  of  pure  silver,  the  remainder 

per.     Twenty-sovon  Union  thalers  weigh  i  half  kilo. ,  therefore  a  single 

ighs  18*518  gnns.,  and  contains  i6'666  gnns.  of  pure  silver.    By  an  inter- 

re.ity  with  France,  Italy,  Belgium,  Portugal,  Switzerland,  and  Si)ain,  i  kilo. 

er  is  to  yield  200  franc  pieces,  ?.«.,  2223  franc  pieces  to  i  kilo,  of  fine  silver. 

?  alloy  is  employed  for  pieces  of  2  and  5  francs,  there  being  200  of  the 

the  kilo.     In  the  Netherlands,  whore,  by-thc-byo,  gold  coin  is  no  longer 

and  silver  is  the  standard,  the  alloy  used  is  -ilfc.     Tlie  silver  coins  of  the 

vingdom  are  made  of  an  alloy  i^jg,;   i  lb.  Troy,  or  373*228  grms..  of  this 

coined  into  66  shilling  pieces.     A  i>ouud  Troy  of  fine  silver  would  yield 

J./^  In  nearly  all  European  countries  the  laws  have  fixed  the  composition 
loy  of  silver  which,  duly  marked  and  stamixwl,  shall  be  olfored  for  sale  as 
gold- and  silver-smiths,  who,  in  Holland,  Belgium,  Franco,  and  Sweden,  are 
rod  to  huvo  in  tlieir  worksho]>8  any  oloctro-pIatiMl  ailicles,  or  any  alloys 
iu  those  fixed  l)y  law.  The  composition  of  those  alloys  varies ;  expressed  in 
s  of  tine  motal,  it  is  for  Austria  and  Bavaiia,  812;  for  IVussia  and  Saxony, 
Fu<rland,  925.  For  France,  Belgium,  and  the  Xetherlands,  a  double  alloy 
the  highor  being  950,  the  lower  800.  The  alloy  lat*dy  brought  into  use 
10  naiiio  of  titrs-anjent,  one-third  silver,  really  consists  of  27*56  per  cent. 
5  porcont.  copper,  9*57  per  cent,  zinc,  and  3*42  per  cent,  nickel,  though  in 
.» this  alloy  is  alleged  to  consist  of  3  nickel  and  J  silver.  Titra-argent  sells 
s.  per  kilo.  This  alloy  is  harder  than  silver  ;  its  colour  and  polish  are  as 
t  is  extremely  well  iulaj)ted  for  all  kinds  of  plate. 

y.  If  it  bo  dosir«Ml  to  knriw  the  quantity  of  fine  silvfr  conrained  in  an  alloy  of 
hirh  for  our  i»i>"a'iit  purpo.so  w(!  will  assi;mc  to  contain  only  silver  and  copiMjr — 
throe  different  methods  by  which  thi'*  iiropo«<iti(m  cau  bo  Holvcd,  viz.  : — i.  The 
the  dry  way,  toniiod  eupelliition.  2.  The  assay  by  the  wet  way,  or  titration  pro- 
riio  hydrostatic  ass«iy. 

rfU-nlly  this  jiMsay  is  oonductod  by  first  testing  the  alloy  by  comparing  the 
lakcn  ipoii  t.ouelistoiie  -a  i)iooe  of  polish*^!  ba wilt  or  silieeoiis  whist — with  the 
\w*'d  upon  tlie  (*aino  stone  by  test-neodlort ;  tliat  is  tc>  say,  small  bars  of  silver 
vjmp'Nitioii.  It  should,  however,  l)o  bnnio  in  mind  that  tho  nurfaco  of  nilvor 
wrli  fls  '»f  <*<>ins,  may  have  bfeii  hlauthal^  as  th«*term  runs;  that  is  to  say, aoto<l 
,  (lilnto  s?4lj)hnri«'  afid,  to  dissolve  a  portion  of  tlio  oopp^T  of  the  alloy,  and 
of  aW^y  riflier  in  silver.  The  alh>y  to  be  further  artsaywl  is  next  meltiHldown 
of  p^irc  !W>ft  le.wl,  or  lead  containing  a  known  quantity  of  silver,  in  a  capsidc, 
iZic#I  <-iip**l,  niudo  of  Ix^ne-ash.  The  cupel  in  previously  we'll  heati-d  in  a  muffle, 
itt  pJuot»d  in  it.    As  soon  as  the  lead  has  become  quite  liquid,  the  sample  of 


bv  the  poroos  6tul»tances  of  the  cupel.  As  soon  &«  the  attrfnoe  of  the  silver  buttott  &|>p<«rr 
quite  brijurht,  the  oj>erffltion  ia  iinisbed,  and  the  cupel  slowly  ooolcd.  Xlie  button  of  *ii?«rr 
in  then  weighed.  It  la  ukqhI  to  nuike  two  aeeaja  of  the  sazoe  aample ;  these  amAj»  thfmiA 
ugree  in  tlieir  results  to  within  ^i^d  to  be  of  any  bailie. 

-wetAamj.  TMb  method  of  aaeayiog^  wlver  waa  de*.Tsed  some  sixty  year^  t—  ^  -  '^^  hh- 
ProfesBor  Osy-Lussac,  at  the  requoiit  of  the  French  Grovemment,  in  con- 
great  imtjgularity  of  the  remilt»  obtained  by  the  dry  method.  The  wet  a«s;j;  >  i 
Ycry  gi^atly  improved  in  detad  by  Dr.  G,  J.  Mulder,  M.  A.  W.  H,  van  Ricanddijk,  Dr.  8t«^ 
and  M-  J.  Dunms,  is  now  generally  adopted,  and  M'ill  remain  to  fill  trnw*  a  m'ijsl*»rjii*^i 
worthy  of  the  lu^n-nuity  of  it-*  original  inventor,  who^  by  iiii  ^  '  ', 
foundation  uf  voUaa.  trie  anuly^da,  now  ao  usefully  and  cxtn 

wet  methuil  of  !*ilviT  assiiy  is  more  easily  executed  than  th«^  .i^  ..^.,.  .^ ^  >^  ...  > 

correct,  admiltiii^  an  nceuraey  of  jud^]7nent  within  ^th  per  cent,  'llie  nj^thttdisK 
upjn  the  prtjp-rty  po*«r*sed  by  common  salt  of  precipitating  silver  ns  chlwride  of  *ji  r 
from  iU  nitric  iieidt^lution.  A&  5  4274  grma.  of  pure  ^mmon  aalt  exai?tly  conrert  i  pax. 
of  pure  aUver,  previously  dtasolved  in  nitric  acid,  into  chloride  of  silver,  it  is  crjtlfnt 
^thflt,  fft>ra  the?e  data,  and  with  the  application  of  suitably  constmoted  apparatus  for  \hf 
oluraetric  analy»ia,  the  fineness  of  any  alloy  of  silver  may  be  aaoertained  r&adily,  npidly, 

',  with  great  accuracy. 
l^ixmuxietiJimtT'       This  method  ia  of  counte  by  no  meanfii  so  correct  a«  either  of  the 
_  king,  and,  moreover,  is  impaired  by  the  fact  that,  although  alloys  of  co})p«;r  ao4 
l7&t  expand  under  pressure,  they  beeonje  denser,  so  that  the  hydroatatic  weighijij,f»thal  11 
>  say,  the  estimation  of  the  gpec'tfic  gravity  of  the  alloy,  h  only  a<linittel  as  a  test  oi  it* 
irelativD  value.     With  such  aUoya  aa  have,  like  ooina,  to  be  roUed,  prea^icd,  or  drtvtu 
the  hydit>8tatical  resulta  rarely  diflbr  more  than  ^  fronn  the  results  obtained  by  cupefl** 
[  tion.     The  empirical  rule  for  the  cstimatioti  of  the  Talue  of  silver  assayed  by  tliis  mr^^^  ' 
Eb  the  foHuwinjjT :— The  number  8*814  la  subtracted  from  the  spedfic  gravity  of  the  »i 
riwo  cy^ther^  anj  [hided  to  the  difference,  and  the  figure  thus  formed,  ooiisiden:-d  aa  a  1*  ^^ 
numl^er,  is  di^nded  by  579;  the  quotient  is  the  fineness  of  the  sflver  alloy  expivsHd  io 
grains.     For  iui^tance,  let  tho  specific  gravity  of  the  alloy  be  =:  10065,  ^'^^  ^  finsiusai 
ia=:2l6gTamS|  or  ^;    since^ 

10065 -8-814 -^1-251 
and 


t2S,too 


-;^2i6 


•ntrrittir.      The  coating  of  metals  with  a  lllra  of  silTer  can  be  eIRsoted  by ;— r»  ^hUng: , 

,  the  igneous  proeesa ;  3,  in  the  fxjid ;  4,  the  wet  way ;  5,  galvanioally,  or  eleotro>pbtiit^> 

aQTcr-PUtiDff.      In  order  to  coat  metallic  copper  with  a  layer  of  silver,  the  eheet  chopper  i» 

thoroughly  cleansed,  then  treated   s-ith  a  moflerately  strong  solution  of  nitrsn  of  I 

Irer,  and  next  covered  with  a  sheet  of  iiilver.     After  having  bc^n  made  red-hot,  thetw  1 

letala  are  rolled  out  together.  The  silver  then  adheret  so  strongly  to  the  copper  as  to  admi*  1 

E  the  metals  being  beaten  or  stamped  into  various  shiipea.    Copper-wire  ia  rciadily  siltvftd 

r  belxig  ooveoi^d  with  thin  stripe  of  silver,  and  paased  through  rollers.     But  this  meeht^ 

pUting  is  almofit.  entirely  supeneded  by  eleotro-plating. 
itne«9M,or  FJ«w       Thia  method  of  silvering  b  eff^ited  by  the  aid  either  of  a  iUvfr-amal^t&f  I 
6Uvvrt&f        or  by  applviug  to  the  well -cleansed  surf  nee  of  the  metal  intended  to  1*  ] 
silvered  a  mixture  of  i  part  of  spongy  precipitated  metallic  sUver,  4  part4s  sal-anintoniAf*  I 
4  '■■■'-'■-'      '  '     n  salt,  and  4  part  oorroaive  sublimate.     The  metal  to  W  «dvcred  ia  rubW 
ro,  and  then  heated  in  a  muffie.  Buttons  intended  ia  be  sil  v<red  an*  covc«d 
TisiAting  of  4S  parts  of  oommon  salt,  48  parts  sulphate  of  zinc,  I  part  ot 
fcii-.ij'ic  ciiiaride,  and  2  parts  of  chloride  of  silver, 
sovpri^  to  ih«  cii      The  metallic  snrface  intended  to  be  sil\>ered,  having  been  well  dcaufA* 
i-  rubbed  by  means  of  a  smooth  eork,  with  a  mixture  of  equal  parts  01  chloride  of  silvtf, 
'■■■'umwrn  salt,  I  of  chalk,  and  2  of  carbonate  of  potash,  made  with  water  into 
pjiste.     Trofe^^^ir  Hein  r»:ommenda  that  I  part  of  nitrate  of  aiher  ainl 
n<:ita>«iuTn  should  be  rubbed  together  in  a  roortiir,  with  tlie  addition  of  sir 
ii\t^  1>'^^''^^^  p^^^te.   The  pjtste  is  nibbed  00  the  metal  to  be  silvered  with  a 
MM,  Ro^4t  rtr  and  Lavaujc  recommended  m  nlxtttre  of  loo  part*  of  sulpl 
^5^y^>*  <*i  Any  salt  of  silrer.    For  aUTering  the  dial-platen  of  watdie^  i'\m 

endrt  a  mixture  of  etpongy  diver  with  equal  parts  of  oommon  salt  ai4d  ^ 
In  order  to  silver  iron  it  is  fizst  covered  with  a  layer  of  copper. 
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bitbrtiM  This  is  effected  by  immersins'  the  metal  intended  to  be  silvered  in  a 
*^  ^t-  boilings  aqueous  solution  of  equal  parts  of  cream  of  tartar  and  oommon 
rith  \  imrt  of  chloride  of  silver.  The  description  of  the  methods  of  electro-plating 
e  given  at  the  end  of  the  chapter  on  Metals. 

«i  SDver.  The  small  ornaments  met  with  under  the  name  of  oxidised  silver  are  pre- 
with  either  sulphur  or  chlorine ;  in  the  former  case  a  bluiah-black  colour  is  imparted, 
latter  a  brown.  The  sulphur  is  applied  simply  by  dipping  the  object  into  a  solution 
phuret  of  potassium,  whue  for  the  chlorine  colour  a  mixture  of  sulphate  of  copper 
i-ammoniac  is  used. 

eofFiiTer.  Tlus  Salt  (AgNOj)  is  now  prepared  on  the  large  scale  by  dissolving  silver 
ning  copper  in  nitnc  acid,  evaporating  the  solution  to  dryness,  and  igniting  the 
e  until  idl  the  nitrate  of  copper  is  decomposed.  The  residue  is  next  exhausted  with 
rater,  the  solution  filtered  and  left  to  crj^tallise.  For  medical  purposes  the  crystals 
ised,  and  while  liquid  poured  into  moiilds  to  form  small  round  sticks.  The  most 
Ivo  use  of  nitrate  of  silver  obtains  in  photography,  a  re-crystallised  neutral  and  pure 
fing  preferred.  Under  the  name  of  SU  Cientent,  there  is  now  in  use  in  photography 
;nre  of  fused  nitrates  of  silver,  sodium,  and  magnesium,  recommended  as  preferable 
ate  of  silver  alone.  It  is  stated  that  the  consumption  of  this  salt  for  photographic 
W8  amounted,  in  1870,  to  1400  cwts.  for  Germany,  France,  England,  and  the  United 
;  the  money  value  of  this  quantity  being  estimated  at  £630,000. 
sff  Ink.  A  larffe  quantity  of  nitrate  of  sUver  is  also  used  fur  the  purpose  of  making 
>le  ink  for  marking  linen.  This  ink  often  consists  of  two  different  fluids,  one  a  solu- 
f  pyrogallic  acid  in  a  mixture  of  water  and  alcohol,  being  intended  to  moisten  the 
previous  to  writing ;  the  other,  or  writing  fluid,  consisting  of  a  solution  of  ammo- 
nitrate  of  silver  tUckened  with  gum.  More  recently  aniline  block  has  been  applied 
marking  of  linen. 

Gold. 
(Au=  197  ;  Sp.  gr.  19-5  to  19*6.) 
VwtiiStoiu'  ^'  ^^^<^  ^^  found  only  in  the  native  metallic  state,  somotimes  in 
interspei"sed  in  rocks,  and  accompanied  by  quartz,  iron  pyrites,  and  iron  oro. 
frequently  gold  is  found  finely  divided  in  sand,  mixed  with  larger  or  smaller 
its,  and  imbedded  in  quartz,  with  various  other  minerals,  such  as  mica,  syenite, 
te  slato,  chrome-iroa  ore,  and  spinel.  Native  gold  commonly  contains  some 
and  other  metals,  among  which  are  palladium  and  platinum.  According  to 
;  analyses,  the  composition  of  samples  of  gold  obtained  from  several  countries 

I.  II. 

Hungary.     S.  America. 

6477  88-04 

35*23  1 1*96 

ind  other  metals        —  — 

d  is  found  native  with  tellurium  and  tolluride  of  silver,  and  among  antimony, 
irsenic,  and  other  ores.  It  is  also  found  in  galena  and  various  kinds  of  clay ; 
I,  gold  is,  next  to  iron,  the  most  widely  dispersed  metal.  The  chief  gold- 
ng  countries  are : — Africa,  Hungary,  the  Oural,  Australia,  and  America,  cspe- 
Mexico,  Peru,  the  Brazils,  California,  Columbia,  and  Victoria, 
total  value  of  the  gold  produced  in  the  year  1869  is  computed  at  £60,000,000, 
>urth  of  this  representing  the  value  of  the  production  of  California.  The 
of  the  joint  production  of  the  Australian  Colonies  is  a  little  above  another 
lurth. 

t  Extracting  Qoid,  The  modc  of  extracting  gold  is  determined  by  the  circum- 
s  of  its  occurrence.  By  far  the  largest  portion  of  the  gold  in  circulation  is 
ed  by  the  washing  process ;  that  is  to  say,  the  elimination  by  means  of  water 
lighter  minerals,  the  finely-divided  gold  being  left  behind.  This  process  may 
ried  on  in  remote  districts  in  a  very  primitive  maimer,  by  simply  putting  the 
nto  wooden  bowls,  and  washing  it  gradually  away  with  water.     The  gold 
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80  obtained  is  not  pure,  but  contains  titanic  iron  and  other  mineralB.  Wkerefier 
gold  washing  is  a  regularly  established  business,  as  in  some  parts  of  the  Ound, 
properly  constructed  contrivances  are  api)lied. 

Extrnctjon^tj^eani  of  ^j^q  application  of  mcrcury  to  the  extraction  of  gdld  is  based 
upon  the  fact  that  mercury  amalgamates  with  gold  readily  and  very  effcctivoly.  Tie 
operation  is  carried  on  with  the  gold-containing  sand  in  peculiarly  coustructed 
mills.  ^Ir.  Crookcs  has  shown  that  the  addition  of  sodium  to  the  mercmy 
facilitates  the  extraction  of  the  gold.  The  excess  of  mercury  having  been  remoTod 
from  the  amalgam  by  pressure  in  leathern  or  stout  linen  bags,  the  remainder 
in  amalgamation  with  the  gold  is  volatilised  by  ignition  in  suitably  constmctod 
furnaces. 

Bmeitinz  f»r  Gold  Bv  a  far  moro  perfect  procrss  than  washing,  gold  is  extracted  from 
the  gold  sand  by  smelting  with  a  suitable  flux  in  a  blast  furnace.  The  object  in 
view  is  to  produce  a  rough  or  crude  iron  from  which  the  gold  is  separated  by  mcniu 
of  sulphuric  acid.  This  process  yields  from  25  to  30  times  more  gold  thaA  merely 
washing  the  sand. 

Tn^unjr  nith  Alkali.  Mr.  Hardiugs  proposed  to  obtain  the  gold  by  treating  the  quarti 
or  sand  with  caustic  alkalies  under  a  high  pressure  of  st^am,  thereby  forming  a 
solubl*.^  silicate  and  leaving  the  gold. 

^tht'?>St'iIiu!"un5°'°  1^  &*»1<1  happens  to  be  interspersed  through  copper  or  lead  ores, 
they  are  roastc^d  and  then  washed.  When  the  quantity  of  gold  is  sufficient  such 
ores  uro  treated  with  mercury,  while  sometimes  they  are  treated  for  coarse  meUl; 
and  this,  contjiining  all  the  gold,  is  smelted  with  Litharge,  which  absorbs  the  gold, 
and  is  next  8Cj)aratod  from  it  on  a  refining  hearth. 

^**T»wr"  SnSiu'"*™  Some  minerals  and  metallurgical  refuse  containing  only  a  very 
small  quantity  of  gold  have  been  treated  at  Eeichenstoin,  in  Silesia,  by  means  of 
chlorine  wat4?r,  or  an  acidulated  solution  of  bleaching  powder.  The  gold  is  con- 
verted into  chloride  of  gold  (AuCl,),  and  is  i>reci]>itatc*d  from  the  solution  by  sul- 
phate of  iron  or  sulphurtjtted  hydrogen.  This  method  has  been  severely  tested  by 
MM.  riattner,  Th.  llichter,  Georgi,  and  Dr.  Duflos,  and  has  bot.'n  found  to  answer 
exceedingly  w<.'ll,  even  with  very  poor  ores.  This  j)lan  is  of  coui*se  generally 
applicable  to  gold  sand  and  gold  quartz.  According  to  M.  Allain,  ]>yritical  ores, 
having  been  roasted  and  treated  with  8uli)huric  acid  to  eliminate  the  iron,  zinc, 
oopper,  can  be  then  treated  with  chlorine  water  so  as  to  extract  the  gold  present, 
amount  only  of  i  part  of  gold  in  10.000  of  mineral. 

biff  Gold.       In  order  to  separate  any  foreign  metals  from  the  gold  obtained  by 
bovo  process,  the  folloAviug  methods  l^ave  been  employed,  but  onlj'  the  last  (5.) 
jW  in  general  use.     For  that  reason  the  other  methods  will  only  bo  briefly 
.•ibi-'d  : — 
I    llefining  by  means  of  sulphuret  of  antimony  (Sb^Sj). 

2.  By  means  of  sulphur  and  litharge. 

3.  By  cementution. 
A^  By  quartation. 

"Ry  moans  of  sulpliuric  acid. 

TliiM  pnicesH  i»  elfw^tcd  by  first  smelting  the  alloy,  which  ought  to 

oontuiu  at  le4i»t  60  pir  cent,  of  jfold,  in  a  graphite  orucihle.      Pulverinid 

'  of  ttutimuny  i.s  added  in  the  proportion  of  2  parts  to  i  of  alloy,  and  ihe 

•■S^a  poured  into  a:;  iron  mould,  wliich  is  ni]»l>ed  with  oil.     Tlu  mass  on 

ind  to  cou.*dst  of  two  wparate  laycrs—thc  upper,  tccliuically  termed 
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•,  roadBHitiiig'  of  the  iulplmrcts  of  silver,  copper,  and  antunouy ;  the  lower,  on  aDoj 
nUxtiony  And  gold,  wliich  ia  fie  para  ted  in  a  mutfle  or  a  wind  furnace*  Tlie  remaiuiu^ 
I  ix  fniKNl  with  bonix,  wiltpctrc,  and  some  powderr.Hi  glajtR. 

►  •Ml  ofi«w>*iijr.       This  procfw  dues  not  aim  at  the  entire  HrpnratifiTi  i>f  the  *rr»ld  fponi 
Ut«r  nM'tfUH,  but  nither  at  its  coin:entTfttion  in  a  smaller  (]!uintitY  of  «lvtT  thim  waa 

•'  *    in   the  alloj",  **<>   as   to   rtntler   it   suited   hw  qxiartHtion.     The  alloy^ 

red,  is  mixf'd  wiJh  \  part  of  powdi-nnl  Mdphvir»  put  into  a  re<l-hat 

iiid  covered  with  ehaivoal  powder,     llio  cruribh*  i?^  kept  at  a  hiw  red 

liouj^,  and  then  raitied  to  the  point  of  fusion.     If  the  alloy  wnta'ned  ^\d  in 

^rr^Mo  fjuMntity,  a  layer  of  silver  e*eparate«^,  which  will  lje  rich  in  ^^hl,  l>ut  if  the 

"    I    jKior  in  {fcTold,  litharge  is  added  to  the  molten  mri,'*'^.  thr  oxygen  of 

"    ct»mhuf*tion  of  the  milphur  of  u  portitjii  of  the  sulphuitt  of 

.,...,      ,,.'1  combininj/  with  nearly  all  the  gold.     The  rc-dut'od  lead  ia  taken 

'  Nulphurrt^  of  the  f 'th*  r  nut^UH  present, 

irmcjui.       The  alh>y  containing'  g^t^ld  hriving"  Wen  cither  >rnmul«tcd  or  rolled 

Ju^etji  mtit^ibly  cut  up»  i«  platted  in  a  crn<tibh%  in  this  in*«tance  twhnicaUy  tenned 

iLttnn  \h\%^  and  mixed  with  4  partM  tff  pulvenstMl  bricicM^  and   i   part  vtwh.  of 

'   ^  "    '  ras.     The  criieihh"  is  then  p'adually  nu«4Ml  to  a  eherry-red 

"  lii.H  operation  by  the  action  of  the  .nulphrvte  of  iron  uiKin  the 

;,.  .  ..niieutly  formed  rhlnride  of  .silver,  whttli  i»  absorbed  by  the 

1  brickn.  while  the  pfold  is  left  unnttAeked.     After  ctvolinjr,  the  mas!«  ia  boiled  in 

•rlcr  to  obtain  the  jsrold.     Here  must  be  mentioned  Mr.  F.  B.  Millerw  proiMjB*  of 

me  into  mt»lten  jtrold  in  order  to  eliminate  the  bane  met^ils  which  render 

1^  the  silver,  converted  into  chloride,  tioats  to  the  surface. 

frt'ei!***  haj»  obtained  it:*  name  frt jm  an  opinion  thsit,  to  entire  succesa, 
••  timeH  miin*  silvfr  in  tlie  alloy  than  ^^»ld,  i,**.,  the  ^^lAA  nhoiilri  amount 
"  entire  alloy.     But  l>r.  M.  von   Pettenkofer  has  proved  that  if  the 
lit  of  Sliver   l>e  dout^le   that  of   the  gold,  the   Aepanition  of  the   two  metak  will 

?tlete,  provided  suffieiently  strcmsT  nitrio  aeid  be  euiploj^ed,  and  the   bmiUn^  eon* 
or  n  Icn^h  of   time.     Praetically  this   method  \h  ns  f olio wh  : —There   is*   added 

>  gold  a  sufficient  quantity  of  «ilvr  r*  and  the  two  metal!*  are  smelted  tojjrether.     The 
'•'*■,  pLie<L»cl  in  a  pliitiJnim  vcMiitd,  and  bi  ile^l  with  nitrie  a<  id  of   iXZQ 

t)nit  the  acid  im  fret;  from  any  ehlorinc.     The  silver  l>eing"  di»- 
'  Liud,  and  furthi^r  relined  by  fusion  with  \xm\%  and  sialt]>f?tre  in  a 


--iSS «?Arjd  ***     This  method  of  rcfinin^»  which  hn«  l»eeii  hriofly  alluded  to 

pper,  ia  preferable  to  any  of  the  fore^ing  on  acc<juiit  of  its  perfection, 

,  and  simplicity'.     By  this  method  almost  any  alloy  containing  gold  in 

iioix  tt>  copper  and  silver  can  be  trcatedt  but  the  quantity  of  gold  Bbould  not 

20  l»er  ci^nt,  nor  that  of  the  copper  10  por  cent.,  while  the  b<.^t  proportions, 

niiag  to  I>r,  Petttnkofer's  researehcs  arc,  that  in  16  part-s  of  the  a' ley,  the  gold 

llil  not  e3tc3e4  4  or  be  much  lass  than  3  part^n^  and  the  rest  copper  and  silvor. 

lly  th»^  alloy  intended  for  this  mode  of  ofjorution  i.$  tirnt  ^»rauulated,  or  if  it 

I  to  l)^  in  the  shape  of  ailvor  c<>in.** — Mexican  dollars,  for  instance — they  are 

I  piecca.     Formerly,  platinum  vess'plfi  were  employed  in  the  boiling  of  the 

riritli  Ihorciuj^hly  concontTat<^»d  sulphuric  acid  (sp,  gr.  i'848),  but  cast-iron 

«,  or  ^me times  hard  porcelain  V(3s«els,  are  now  employed,  the  proportion 

f  2  molecules  of  acid  to  T  moleculo  of  the  alloy.     The  heating  13  continued 

Ive  hours,  until  the  cojipor  and  silver  ai*t»  completely  diBsnIve<l.     Tho  sul- 

acirl  evolved   is  einployetl  in  tho  manufactnru  of  sulphunc  ncid,  or  is 

Nil  by  a  noda  or  lime  solution  to  form  aulphite  or  bisulphite  of  soda  or  biaul- 

^lime.     The  Rohition  of  mixe<i  sulphates  of  silver  and  copper  is  pound  into 

ins,  and  becoming  solidified  on  cooling?,  the  pastj^  mn^^s  is  du{^  out  with 

ft,  nnd  put  into  leaden  tanks  filled  v^ith  boihnj>  waU^r,   in  88  part^  of 

Brt  of  snlpnate  of  silver  is  srjluble,     Tho  silver  L^  pruci|)itfited  from  thta 

fcy  fttj'ipfl  of  copper,  and  the  Kolution  of  pulphate  of  enppev  obtuintnl,  having 

y  of  it«  excess  of  free  acid  by  the  addition  of  oxide  of  copper,  is  further 
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of  lead,  antimony,  and  bismuth  impair  its  malleability  to  such  an  extent 
.er  it  unfit  for  use  either  as  coin  or  for  ornamental  purposes.  The  fol- 
tals  have  the  same  effect,  but  to  a  less  extent :  arsenic,  zinc,  nickel,  tin, 
copper,  and  silver ;  the  two  latter  being  the  only  metals  suitable  to  alloy 
to  make  it  sufficiently  hard  to  resist  wear  and  tear.  Gold,  of  all  the 
most  readily  affected  by  mercury,  even  to  such  an  extent  that  the  mer- 
nt  in  the  imperceptible  perspiration  of  such  individuals  as  have  been 
dicinally  with  calomel  for  some  length  of  time,  is  sufficient  to  act  very 
7  upon  their  jewellery,  while  gold  coins  kept  for  some  days  in  their 
come  blanched.  Gold-loaf  imparts  to  transmitted  light  a  blue-green  hue. 
1.  Pure  gold  is  used  only  for  certain  chemical  processes,  and  beaten 
or  gilding ;  the  Staffordshire  potteries  consuming  for  this  purpose  alone 
orth  annually.  All  other  gold,  be  it  used  for  jewellery  or  for  coinage,  is 
)yed  with  copper  or  silver  to  produce  the  degree  of  hardness  requisite  for 
g,  stamping,  &c.  Generally  such  alloys  are  considered  as  consisting  of  so 
ts  to  the  unit,  the  pound  or  half-pound  being  divided  into  24  carats,  each 
on  tains  I2  grains.  Wliat  is  termed  18  carat  gold  is  a  unit  of  24  carats  of 
aining  18  carats  gold  and  6  of  silver  or  copper.  If  the  latter,  the  alloy  is 
;  while  if  silver  is  used,  it  is  termed  white  ;  and  if  both  motals  are  alloyed 
old,  the  caratation  is  termed  mixed.  In  most  countries  there  are  legally 
in  standards  for  gold  jewellery.  In  this  country,  16, 18,  and  22  carat  gold 
,  or,  as  it  is  termed,  Hall  marktd :  in  France,  18,  20,  and  22  carat;  in 
8,  14,  and  18  carat,  and  also  under  the  term  of  Joujou  gold^  a  6  carat  gold, 
?wellery,  to  be  electro-gilt.  Among  the  coined  gold  of  European  States 
irat  is  almost  everywhere  replaced  by  the  expression  of  so  many  parts  fine 
Exceptionally  fine  gold  coins  are  the  Austrian  ducats,  23  carats  9  grains, 
d ;  the  Dutch,  or  more  correctly  Holland,  ducats,  ^  or  23  carats  6  to 
gold.  Neither  of  those  coins  are  at  present  a  legal  tender  in  Austria 
I,  but  they  are  continually  made  at  the  Utrecht  Mint,  having  been  for  many 
rirculatiug  medium  in  the  North  Baltic  and  White  Sea  ports,  as  well  as  in 
Sea,  Levant,  and  Egypt.  Originally  they  were  coins  of  the  Holy  Eoman 
ermany).  The  English  sovereigns  and  half-sovereigns  are  coined  from 
i-at  gold;  or  in  thousands  =  ^'^ ;  the  Prussian  Friedrich  d'0r=|%*3; 
'Or=:2i3  carat;  the  20-franc  pieces  of  France,  Belgium,  Switzerland, 
=  21  carat  7^  grain,  or  ^^,  According  to  the  Vienna  Treaty  of  1857,  *^g 
Id  coins  of  Germany  are  made  in  1000  parts  of  goo  of  gold  and  100  of 
i  relative  value  of  silver  to  gold  being  taken  as  i  :  15*3,  or  i  :  15*5. 
I.  As  all  gold  alloys,  commercially  or  industrially  used,  exhibit  colours 
om  that  of  pure  gold,  it  is  customary  to  produce  superficially  on  such 
deep  yellow  of  fine  metal  by  boiling  in  a  solution  of  common  salt,  salt- 
hydrochloric  acid ;  the  effect  is  the  evolution  of  some  chlorine,  which 
a  small  quantity  of  the  gold,  again  deposits  it  as  a  film  of  very  pure  gold. 
Iding  is,  however,  frequently  substituted  for  this  colouring  process. 
nnrn«.  Jewellcrs  and  goldsmiths  generally  use  touch-needles  made  from 
iild  alloys.  The  resistance  of  the  streak  made  upon  the  touchstone  to  the 
:lie  dilute  nitre-muriatic  acid  is  the  test  of  the  fineness  of  the  gold ;  but 
that  this  method  is  only  ai)proximative,  and  it  cannot  be  relied  on,  as 
IS  often  superficiaUy  coated  with  a  film  of  pure  gold.    The  most  roHablo 
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t**Ht  18  afTorded  hy  ctipyllntion,  for  which  purpose  the  gold  tdloy  to  he 
ttC«ordiu<jr  to  its  colour,  fused  with  t"vnce  or  tlii^t*  time8»  or  an  ei|UJil  woight«jf  eilwr, 
and  about  ton  tiinos  its  weight  of  Itmd.    This  compound  alloy  IB  subiuitt*Hl  t«  cuptil- 
latioxi  in  a  miiftlo.     The  button  which  remains  on  tht?  <:upul  ia  fiiiit  flattoned  ou  un 
anvil,  Dext  annealed,  and  rt>Utfd  into  a  tliin  Btrip,  and  tht^boilod  with 
acid  tt)  dissolve  the  silver,  tlio  renniining  gfiid   being' washed  with   U 
dried,  ro-ii^iitt^d  in  tko  mulflo,  and  iinally,  whan  cold,  weighed. 

Appiu»tion*of  oo<L  It  ia  not  nQcifssjirj'  t<i  spoak  of  the  woll-known  uaoeof  gold,  U» 
moiit  cxtcnsivo  being:  its  application  to  coinage,  and  next  that  to  gilding  diid 
jowellory.  Gold  in  sheeia  |  ineh  thick  has  been  u&ed  to  cover  the  large  dotoc  of 
Iflaai:"  8  Churoh,  at  8t.  Petersburg^  while  tlirinf,  at  h^ast,  of  the  countless  vx^y^tw  OB 
the  donit's  of  tlio  Moscow  churches  are  made  of  «olid  gobl ;  a  jKirtion  of  one  ol  tlia 
dotnes  of  a  church  in  the  Kremlin  is  likewiso  plated  with  gold. 

GiMing.  This  ii*  done  either  with  gokl-leuf,  or  by  means  of  th©  ooUl  pruoeai,  tbi 
wet  process,  fire-gihliug,  or  electro- gilding, 

oititinffwuhG  idoeaT.  Gold-leaf,  applied  in  gilding  on  wcx)d  and  stone,  is  prepared 
in  the  following  manner: — Fine  gold  is  molten  and  aist  into  ingots,  whi'ii  iif 
hammered  and  rolled  into  thin  sheets  about  an  inch  in  width,  techuieally  terffioi 
ribbon,  Tho  ribbon  \^  tnit  into  sniall  pieeeH  an  inch  in  length,  which  are  {iLic«d 
between  pieces  of  parchment,  and  beaten  out  to  a  moderate  thinness.  Golilb«Ht«W 
skin  — the  exterior  membrane  of  tho  inttstiwi  cra^m  of  oxen — is  then  i-^  *  r 

the  parchment,  and  the  hammering  continued  until  the  metal  is  of  ext;  y 

The  refuse  g<.»ld  of  this  operation  is  used  for  the  pr*^pa ration  of  bronze-golU  Uft 
painters.  The  articles  to  be  gilded  with  gold- leal'  ai^  fii-st  painted  over  with  • 
Biiitnble  varnish  or  size,  and  the  gold-leaves  pressed  on  gently  with  a  piece  «»f  wft 
ootton-wooh  Iron  and  steel,  as,  for  instance,  sworda,  gun-barrels,  &c.^  are  W 
bitten,  as  it  is  termed,  with  nitric  acid,  next  heated  to  about  joo'^j  and  then  tuvoji^ 
with  gi-kl-leaf, 

QiMiQs  tjj  tu-  caid       For  thi»  purpose  fine  gold  is  dissolved  in  aqua  regia ;  clean  lin«<n  r  ^. , 
i'ruvt>i*  soaked  in  tliii*  Holation,  and  then  burut  to  timier,  oouHi»(ting  of  carlK*u  i 

very  finely  divided  gold.  This  tinder  i»  rublxKl  on  the  article  tii  be  gilded  with  ji  <3»irk 
moiiitened  in  brine ;  the  metullic  nMrface  to  be  gilded  shouUi  Vte  well  polihbed, 

Olidinv  by  tJnr       Tliis  process  i«  carrit-d  out  by  placing  the  urticlc  to  Ihp  gUded  in  i 

\i[Li^Aar.  dilute  solution  of  chloride  of  gold  in  ether,  wliicli  rtipidly  evap<ir«t»s  ^ 
a  boiling  dilute  Jiqueouji  g<.ilution  of  the  srime  salt,  and  addinjr  to  it  caitHHinre  of  «ud 
pot^««i  solution,  IruD  or  uteel  should  l>e  ftmt  snperfieially  i-oated  wit>i  a  tiUuof  ct>^ 
b.v  immersion  in  a  dilate  sulphate  of  copper  wdution  ;  or  t'he*ie  mctnl*,  after  Win^  bid 
with  nitric  acid,  aif  painted  over  with  a  soluttou  of  ehloritle  uf  gtild  in  ether,  A  soluf 
of  chloride  of  g:old  in  solution  of  pyTophosphate  of  Boda  has  hit^lv  been  feugge-4cd  < 
snitahk'  bath. 

Fifi'-cUJ  njt      ArticleH  of  bronjse,  braHs,  copper,  silver,  ea]>ecjally  buttons  and  r.iTi.iirietiiai 
military  uniforms,  are  gilt  Tftith  an  anmlgam  of  gold  and  meixrui'y,  2  p;irt- 
and   1   of  the  latter  l>eing  applied  by  mcann  of  a  **olution  of  nitrate  of  i.i 
article.^  being  next  heated  in  a  mutfle,  the  volatile  metal  escajies,  leaving  an  afllia 
of  gold,  which  lauy  either  remain  dnll  or  be  polished,  the  colour  being  preacrvil 
former  cane  by  a  moiuentary  immersion  in  a  fitsed  mixture  of  nitre,  alum,  sndi 
salt,  and   inmvediately  after  in  ccdd  water.     If  it  Ise  dewiiTtl  to  leave  ordy  wnnei 

of  the  irildmjBT  dull,  the  portions  to  lie  afterwanis  polij»befl  arc*  covered  with  »' 

of  chalk,  augar,  jpim,  and  suflicient  water  to  form  a  paste.     The  ratiunuU  of  tli©  ( 
of  the  fn^^ing  mij^ture  \»  that  eldorine  ga^  ir*  evolved,  which,  as  the  term  nitifc,  hit**  j 
gold.     If  it  ih  deisired  to  impart   11  red-gold  t^olour,  a  pa*«te  of  wax,  1  '  •» 

of  eo[t]>»-r,  and  alufu  ih  sproJid   on  the   ^■ild^nfrt  imd  the  article  held  o,  tii«,^ 

t^e^ult  lieing  the  rtHluetion  of  the  copjiter,  whit*h  combiuc*  v-ith  the   ^    .  .      ...  the  1 
of  the  Ho-called  quick^iilver^water   (nitrate  of  merciu*y)   is  very  injuria ju.s  t«»  the  ., 
tiv«9,  M.  Masbelotte,  of  Parifi,  coats  the  articleii  wiui  mercury,  liifterwarda  with  \ 
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S&d  agmiji  with  mrrctiry,  by  m«taoj)  of  galvamnm.     Fiiiolly,  the  mercury  \a  volatiliaod  by 

ri  in  a  muffl"-'.  "o  urnwi^yed  that  the  vapour*  escape  only  in  the  flm\     According  to 

Strnve.  *o-cttUod  fire- gill  urtidew  are  Dot  rwmy  covered  w'ith  h  flimple  tihn  of  gt)lil| 

'  —        Id  and  13  3  to  i6'9  percent  of  mcTCury.     Electro -^rilding- will 

;  !*»n. 

:       J      ,1  ration  which  Tx'ars  thi«  name  was  di  worercd  by  Dr.  f 'ussiiusr,  afc 

»,  in  thp  ye«r  ioHj.     It  »si  ppcpareil  by  adding-  to  a  miutiou  of  chloride  of  j^ld  xl 

qttnnttfynf  woMijaicJilrtride  of  tin.     Dr.  Bollcy  preM;ribt»M  the  f  olio  win;?  process  .'^— 

of  tlio  double  chloride  of  tin   and  ammonium  are  digested  ^^ith  pure 

the  nif  tid   i^  quite  di'wrtlved,  tS   part-S  of  water  are  then  addc^l,  and  tlte 

'       -111*:^    "-'nously  diluted  Tiith  36  parts  of  water.     The  result 

MF   black -col  M»ireil    precipitate,  abi>ut  the  chemierd 

Illy  known.     Well-prcpan.'d  Ca'^Hiua' 9  purple  iihould 

't  39'oh  p«*r  rrat,  of  |rold* 

'  o-sid,     Tlie  double  m\\i  of  chloride  f>f  g*>ld  and  sodium  fAnOj^NaCl-J-iHO),  and 
TT  ^p.jfilm-  |H  tnutdum  salt  [2AuCl3,KCI  +  5HO),  are  employed  in  photogrtiphy  and 

Maxoattesti  and  its  Preparatioxs, 
<>f  ttU  tht?  urea  of  Tnangaiie4*e  met  with  in  various  dej^-ees  of  oxidation, 
'  l><^njxide,  mificrtilogicnlly  known  as  pyrohi.sitt»,  poHanito,  and  tochnlcally  ua 
nkorw*  wtap,  is  induistrially  of  much  importance.  ^NTion  poifet^tly  pure  this 
I  eonsi^ti*  of  63 '64  per  cent  of  mauganese,  and  36*56  per  cent,  of  oxygen,  tta 
\  hi(An^  MuOj  ;  but  the  otc»  as  met  with  in  commerce,  frf»i]^ueiitly  contnina 
d,  silica,  water,  and  sometimes  oxideei  of  iron,  nickel,  cobalt,  and  lower  oxides 
^^e,  viz.,  Braunite,  MnaOj ;  Mau^nit^,  MuiO^JljO;  Ilnu^maumte, 
L  varioiLH  other  minerals,  aa  potassa  compounds,  lime»  Ac.  In  Ger- 
[IV,  tio'  oi^e  is  purified  by  most  ingeuiously  contrived  maehineiy,  which  might  bo 
'  iMivttntag«N>u^ly  applied  to  a  great  many  other  metallic  oro^  and  pliosphatics 
Manganese  is  industrially  employed  in  making  oxygen,  the  prepanttion  of 
ae  and  iodine»  glasa-making»  colouring  enamels,  fur  prtwlut  ing  mottletl  ii^oaps,  in 
iron,  and  in  dyeing  juid  calico-printing,  for  preparing  peruiai^ganato  of 
\ ;  but  the  largest  consumers  are  the  mauufacturersi  uf  chlorine*  The  bulk  of 
)  nwnganose  of  commerco  is  derived  from  Gerumuy,  which  rtupplies  about  700,000 
,  t4»  Ktirop»t  annually.  It  is  found  also  yerj^  largtjly  and  of  excellent  quality  in 
tt,  ti»  well  as  in  Italy,  Greece,  Turkey,  Sweden,  and  British  India, 
5' if«l»"  liSJi?*'^  The  value  of  mangnncae  for  technical  jiurptwiii^  depends— i.  On 
I  r^uuntity  of  i»xygen  it  is  oipable  of  yielding,  or  the  quantity  of  chlorine  it  will 
rrolvo.  not  taking  into  account  tht?  O  of  the  MnO.  2.  On  tho  nature  antl  quantity 
^t  thi*  «mbst-ince^  sulublo  in  afuds,  such  as  the  carbonates  of  limu  nnil  baryta,  prot- 
oxide of  tri'o,  whiili,  not  yiolditig  chlorine,  saturate  a  e»'rtain  quaotity  of  hydro- 
t'U  if  tlie.^e  impurities  are  absent,  it  may  hapjien  that,  of  two 
<o,  one  requires  more  add  than  the  tdher  to  evolve  the  same 
Imik  of  chlonue  gas,  as,  for  instance,  when  one  of  the  samples  contain**  in  addition 
lu  pfToxide  of  manganese  (MnOx)  also  the  sesquioxido  (MujOj),  especially  if  the 
UtljT  b  present  aa  hydi-ate.  3,  On  the  quantity  of  water,  whi<Sh  may  amount  even 
■  rit, 
to  th^  experiments  of  Dr.  Freaeniua,  the  mont  suitable  temperature  for  drying 

'       '  "•     '^  -  fo  fjstimate  the  water  it  eontaiuK,  \^  120",  no 

at ;  but  for  conmn'mal  anHlysi^thpdrjTngcrf 
„  I   it  l)e  kept  at  that  heat  for  some  hours  con- 

vey.    iliHonjr  the  many  uu.-iii««LN  pn>fwtHe*l  ffir  testing  miiu^iiue«u4,  Unit  originally 
'  Bfl  by  Ore.  Thompson  and  Br^rthiert  iind  impPi^'efl  upcm  by  Di-s,  Will  and  FreHcuiux, 
'^,  00  the  fnet  that  a  mol*«nilM  f»f  pt-n^jti  te  of  manganeste  treated  with  sulphurio 
»P*blL*  of  converting,  by  tlie  U  given  otf,  1  molecule  tjf  oxolto  acid  into  2  moleculot 
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^^^^^pSntehycMetrine,  ttct^rdingto  thoforiniila:  — K2Mn04+Cl=rKClH-KMii04* 
^^^^^B^'tiug  purpuat'H  a  mixed  ptsiinaDgaiiato  of  potassa  and  £k>da,  or  even  the 
Kttfir  alone,  ia  usual;  the  well-kuuwn  Ooudy's  tliiid  m  a  6«jlution  of  tlib  t^alt  iu 
■TAtcr  con  tHiniu  **,  per-^tilpbuto,  nut  proto-sulpkate  of  iron.  Perumnganutcs  of  potossa 
Hi  tiAod  to  somo  cxktnt  in  djreing,  and  for  stuining  wo«>d. 

I  (Al = a/H  \  6p.  gr.  =:  a's). 

r  tti»w»»i«*«  of  Aitta»  iu».    Aluminium,  discovered  at  Gtittingen,  in  1837,  by  Dr»  Wohler, 
lQjoft;;rg  iu   the  shape  of  its  oxide  to  til©  most  widely  dispensed  as  well  as  tho  most 

■  fommonly  oooarriii;^  mnt*irials  on  our  glolju»  The  prop*3rtios  of  ihia  metaJ  were  mord  J 

■  Hirbeiiltfrly  studied  in  1853  by  l)i\  JJovilloj  who  found  that  alumimum  is  far  less  1 
Bftftddy  uLcUid  tipon  in  tho  molten  stiito  hy  oxygoni  in  tho  cold  by  dilute  acids  and 
pkylioihuj^  wator*  than  wa«  at  Urst  thought  to  bo  tho  case,  and  t!iis  eminent  author^a 

t*«waj^cho«  guYO  rii»e  to  th«  production  oi  thiij  metal  for  indii^tHal  puri>riaea,  two 

nunuiiActorios  oxiating  in  Franco,  viz.,  at  fcJalyndres  and  Amfreviile,  and  one  in 

EiigUud,  at  WtLdhingt«n,  county  Durhura. 
Alatritnitim  \a  obtdine<l  from  the  doublu  chloride  of  alumtniam  and  sodium  by  tlio  aid 

<*f  thr4ntU»T  aikfili-ni{^t4i],  which  is  prepared  for  thU  and  other  purpowes  by  the  ig-nitiou  of 
I    '  ~  '  iued  soda,  15  parts  of  chalk,  and  45  partes  of  $aimll  coal. 

I  ^irepored  from  bauxittf,  native  hydruto  of  itluiaiuu,  which, 

^^L^  -  J,  -  ..  ...  t:  'kvith  Gomiaon  salt  aud  eodl-tur,  U  next  hcutcd  in  an  iron 
^Hfei'  With  obiorine  giis,  the  result  bt>iiijf  the  formation  of  carbonic  oxide  and  the  doublo 
^■■Hc*  of  aJaminium  tind  siioclium.  whith  volatiLiiseH,  and  id  ooadcnsed  in  a  niscTvoir  lloed 
wjK  ^laicd  itli'ji.  Tho  Hjilt  Bo  obt;iinL"d  contains  iron*  and  uonaeqneutly  the  alaiaiinma 
J^rtTod  from  it  w  alli\ve<l  with  thut  inctaL  Tho  double  chloride  of  aluininium  iind  budium 
||&|Btt||Ml  into  motallic  aJumvuium  by  butng  heutetl  in  a  rcvL'rberutory  fiu^aoi:^  with 
^^^^^Hnllc  the  bUiiminiiiiu  in  hi!  frtx.,  a  ^bijur  is  formed  uoQ^nistin^  of  tho  double  *mXt  with 
^^^^^^Biitoride  of  S4)dium,  Prufestsor  H,  Kotje,  at  Bialiu,  first  u»c'd  cryolite  for  hiji 
^^^Bl«mU  t»u  alumiuiuio,  tho  mintiral  beariafr  that  aanu?  being  a  conipoiind  of  the  douhlo  ■ 
^^^»^  of  aluminium  und  Hodiijm  (Al^Fl,-|-  6NaFl).  Thia  mineral  bointf  troitU^d  at  a  high  \ 
^^^■l^titr«  with  b'xlium  yieldsi  aluminiuni  aud  fluoride  of  eodiiuaf  and  the  latter  treatod 
^^^01143 k-limA£  yi<?ldjt  oaudtio  soda  and  fluoride  of  calciuni. 

rT^^i-iwf  Aiuaittitffl.       Xh*3  colour  of  this  metal  is  jntermedinto  to  those  of  zinc  and 
'  ^'*  htirdness  exc€*edRi  that  of  tin,  b«t  is  less  than  that  of  zinc  aud  copper,  and 
I  -i'lnnj  as  Unit  of  fine  silver;  it  is  a  very  aonoroua  metali  rather  brittle, 

^^  tg  sjume  extent,  readily  rolled  into  thin  sheets,  and  may  bo  beaten  into 

■r"  ♦  on  th©  other  handy  it  is  not  ductile.  jUuminium  does  not  rust  by  exposuro  to 
■Kr.  Ana  It  may  ho  even  hcatod  to  redness  without  suffering  much  oxidation.  When 
j^_  _^''^*^''^^*'^it  molts  at  700^— it  oxidises  ao  much  as  to  necessitate  the  use  of  a 
HMlil  *^^^  <^^i*^ri«1e  of  potaasium— to  ubsorb  the  alumina  which  is  Ibnned.  It  is  voiy  i 
K^  ^^  r^I'idly  di«.srjlve(i  by  hyiirrHihloric  acid  and  solutions  of  c^instic  potasaik" 
E^  .  ^'  oylrDp^n  being  copiously  evolved  ;  but  the  met*il  i«  not  in  tho  lenst  actod 
K  ^'  Citric  acid.     It  does  not  amalgamate  ^-ith  mercury.    With  tin  it  yields  an 

Y^  'iwideniblo  hardness,  yet  to  some  extent  malleable;  with  copper  in  the 

bx.k  ''tirtf  00  ^<^  05  P'^'*  cent,  of  eopper  and  10  to  5  per  cent,  of  aluminium,  it 
fc/j  *  'iijj^iam-^*^^^®-  TliisaUoy,  in  colour  similar  to  gold,  is  used  for  artificial 
^  **>  -  /III#^  ornaments.  Aluminium  does  not  alloy  with  lead.  The  alumimum 
^  .      jlO^»^^  ^^^'^'^  P'"'^**  always  containing  silicium,  found  by  Dr.  Ram- 

^  S^  %.o'^fi  per  C4?nt,,  ajid  fr<-M|uently  present  to  07  to  3*7  por  cent.; 

^    K  /f    '^   ^  ^^  ^*^^^  ^^  J  -6  to  7'5  per  cent  -, 
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Application!.  Aluminium  is  now  not  so  much  in  use  :  when  firat  inizoduoed  aluiniiiiam 
jewellery  was  the  order  of  the  day.  The  metal  is  at  present  more  usefully  employed  for 
small  weights,  light  tubes  for  optical  iuKtruments,  and  to  some  extent-  for  surgical  iiutru- 
meuts.  The  price,  however,  of  this  metal,  £5  12s.  per  kilo.,  is  too  high  to  admit  of  its 
extended  use;  while  great  lightness  combined  with  comparative  strength  are  its  only 
prominent  qualities. 

Magnesium. 
(Mg  =  24;  Sp.gr.  1743). 
Magnesiam.  As  an  oxido,  and  in  combination  with  chlorino  and  bromine,  as  well  aa 
with  other  metalloids,  magnesium  is  found  in  very  large  quantities,  for  instance,  in 
sea- water  and  carnallitc,  as  sulphate  of  magnesium,  as  kieserite,  schoenite,  kainite, 
in  rocks  as  a  pure  carbonate,  and  as  magncsiun  limestone ;  further  as  a  silicate  in 
meerschaum.  Metallic  magnesium  has  but  limited  commercial  applications.  It  is 
silyery  white  in  colour,  somewhat  affected  by  the  oxygon  of  the  air,  but  not  more 
so  than  zinc ;  fuses  at  about  the  same  tomperature  as  that  metal,  and  when  heated 
a  little  above' this  point,  bums  with  an  m tensely  brilliant  white  light,  and  in  oxygen 
gas  the  combustion  is  attended  with  a  lignt  almost  eqmil  to  bright  sunlight.  Mag- 
nesium may  bo  readily  drawn  into  wire ;  it  is  at  the  ordinary  temperature  of  th« 
air  as  mt^Uoable  as  zinc,  and  boils  and  distils  over  at  about  the  same  temperature  as 
that  metal.  Magnesium  is  at  present  only  applied  to  yield  an  intense  light  in 
photography,  and  for  signals ;  for  this  latter  purpose  it  was  extensively  used  in  the 
Abyssinian  campaign  (1S68).  It  has  been  suggestiHl  to  alloy  magnesium  instead  of  \ 
zinc  with  copper. 

Magnesium  is  prepared  by  a  proc<^ss  rery  similar  ^  that  of  altmiinium  manufactore  :— 
Sodium  is  ignited  with  either  cldoride  of  majniosiiim — Bun.«jen,  Dex-illc,  and  Carron 
methods — or  the  tJouble  fluoride  of  magnesium  and  sodiimi — Tissier's  plan — or  the  douUe 
chloride  of  magnesium  and  sixiium — Sonstadt's  method.  Dr.  H.  Schwarz  employs  the 
double  chloride  of  calcium  and  inajrnesimn,  and  M.  Keichardt  camidlite,  double  chloride 
of  magnoHium  and  potassium.  S«.'veral  other  suggestions  have  been  made  as  to  the  mode 
of  prei^aring  this  metal,  but  it  does  not  ajjpear  that  they  are  available  in  practice.  Mag- 
nesium is  manufactured  on  the  large  w^alo  by  the  Magnesium  Metal  Company  at  Man- 
chester, and  the  ^\jnerican  Magnesium  Company  at  Boston,  the  English  firm  producing 
about  20  cwts.  annuiUly. 

Electro-Met.vllurgy. 

Application  of  GaiTanL.Tn.  It  is  ouo  of  the  most  prominent  properties  of  the  continaouB 
electric  current,  that  it  is  capable  of  docomi)08ing  compound  substances  in  such  a 
manner  as  to  causo  the  constituents  to  be  deposited  on  or  near  the  place  where  the  1 
current  leaves  the  body  to  bo  decompo.sed ;  this  pro{)Grty  is  termed  electrvl^tiif  the 
body  decomposed  being  termed  ehctroiyte,  and  the  places  whore  the  electric  current 
enters  and  leaves  electroaea ;  the  positive  pole  of  the  battery  being  named  anode,  and 
the  negative  cathode,  Tlio  constituents  of  the  bo<ly  decomposed  by  electricity  are 
termed  ions  (from  itopy  participle  of  ei/zi,  to  go) ;  that  deposited  or  separated  at  the 
anode  (-t-i)ole)  being  distinguished  as  the  anion y  and  that  making  its  appearance  at 
the  cathode  the  cation.  An  electric  current  strong  enough  to  decompose  a  molecule 
of  water  i.*^  also  capable  of  decomposing  a  molecule  of  a  binary  compound ;  accordingly 
the  quantities  by  weight  of  a  body  decomposed  by  the  electric  current  are  propor- 

Eicciroiytic  Law.  tional  to  tlio  c'A  mical  ocj[uivalents.  The  main  laws  of  electrolysiB 
wore  disc^jvered  by  Faraday,  who  was  the  first  to  show  that  the  constituents 
attracted  by  the  anode  (+  polo)  are  electro-negative,  and,  those  by  the  cathode 
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5-positive.  As  water  is  a  oommon  solveDt,  it  frequently  occnrs  that 
Ijsid  its  elements  are  aecondarily  doromposfld.  Fur  instaaee,  sulphate 
s,  at  tlie  anode  oxygen  gas,  and  at  the  cathodo  metallic  copper,  bcK'ause 
ide  of  copper  appcimng  at  this  pole  is  at  once  de-oxidised  by  tho  eimultaneons 
ogen :  the  oxygen  set  free  at  the  positive  plate  combines  with  the 
io,  convertod  by  the  acid  into  sulpha tt?  of  zinc ;  so  that  for  every 
(63"4)  of  copper  deposited,  one  equivalent  (65*2)  of  zinc  is  dissolved.  If, 
L  of  sulphnte  of  copper^  suitable  solutions  of  gold,  silvor,  &c.,  are  employed, 
€tro-depf:)sition  of  these  metals  can  be  oifected, 

TO"^  The  following  are  tho  chief  tochnicAl  applications  of  electrolysis : — 
>typiii^.  It  has  just  been  said  that  the  copper  separated  electrolytically  from 
Iphate  of  that  metal  is  deposited  in  a  coherent  state,  and  if  the  operation  is 
ued  for  some  time  the  layer  of  metal  may  become  sufficiently  thick  tn  admit  of 

Ebed  from  the  form  upon  which  it  was  deposited.  This  prindplo  of  electro- 
disooYered  in  1839,  simultaneously  at  St,  Petersburg  by  Dr.  Jacobi,  and 
I  by  Ml'.  Spencer ;  among  those  who  have  labourtnl  to  improve  this  art, 
.  liocciuerel,  Elaner,  Smee^  Ruolz,  Elkington,  and  many  others.  The 
ic  solution  applied  for  the  preparation  of  casts  to  be  electnstyped  is  alwaj's  a 
ll^olution  of  sulphate  of  copper,  and  the  fonn,  technically  termed  tho  pattern 
^R  upon  which  it  is  desired  to  deposit  the  copper,  should  not  consist  of  any 
^Hi  as  zinc^  tin,  or  iron,  acted  upon  by  a  solution  of  sulphate  of  copper, 
^^x  is  usually,  if  it  be  a  metal,  made  of  coppor ;  but  more  fretinently  it 
^  *^f  gypsum  or  gutta-percha.  In  order  to  nmdor  tho  electric  current  uni- 
the  zinc  plate  of  tho  battery  is  amalgamated  by  dipping  it  in  hydrochloric  or 
sulphuric  acid,  and  then  nibbing  mercurj''  oTor  tho  surface  with  a  brush  or 
if  soft  1-ag. 

MtiBB  af  0ftpt>*r'  The  engraved  cop^per-plate  to  be  reproduced  ia  placed  at  the 
i»  &»gftt«iafl*.  bottom  of  a  wooden  trough  lined  with  reain  or  ashphalte.  Above  the 
»  flxod  a  wooden  framo,  on  which  ia  HtraiiiBd  a  sheet  of  bladder  or  pfirchment,  to 
^duiphragTQ ;  and  on  the  top  of  tlie  frame  a  plate  of  zinc  is  plaoc<l,  find  con- 
Ae  topper >plft to  by  a  strip  of  lead.  A  aatorated  solution  of  Milphate  of 
HTpd  irit*>  t>tc  HnttAui  of  the  trouarh,  and  in  order  to  maintAin  the  saturation  a 
lie  pon:iu»  diftphragm  a  oonocntratod  stJution  (»f  *«ulpUate  of 
'  pursued,  in  electro  typing  woodcut  ^,  fiter*  ots^ir-phitt.**,  ^c, 
,-..  wi*  e  njcdaU  and  other  email  objwtj*  a  w<j"uk  curr'  •  '  ■  '  I'  '^ 
^loto  or  obji>ct  c»u  which  it  la  desired  to  cuuse  the  depoettion  to  t 
rtirally  from  the  cathode,  and  a  plate  of  the  metal  to  be  dep<>  • 

I  prt^portion  a-^^  the  metal  is  precipitated  at  tho  cathode,  it  is  disyoivcti  at  the 
rinir  the  mn^'ciitration  of    the   fluid    unchanged*      Such    substancea ,  as   an* 
iffiue,  and   pypBum,  are   first   supcrfieialh'  coated  with  ikane 
rapliite,  silver,  or  ^old-bnuize.     Gutta-ptrtlm  is  an  excellent 
:o  it?i  InxcniiU','^  plastic  in  boiling  water.     Accuuiiijjr  to  il«  voa 
bouffh  miiUiNiblo  fji  pp«  r  iH  i>ljt:iin«d  by  adding  to  the  eopj>er  8<^^>lution   some 
rtMidji  and  Midifbat**  of  lii^c.     UnieN*  a  rather  w^eak  current   is   Hpplied,  the 
ated  from  it^  f^olutiou  in  a  i^ongy  fitatct;  on  no  aocotmt  slioidd  the 
\  enough  to  decompose  water- 
In  order  to  apply  a  coating  of  gold  or  silver  to  copper,  brass, 
\  c^thc^r  metallic  alloy,  the  surface  should  bo  firet  very  thoroughly  cleaned 
|in  n  cuustic  stnla  solution.     Smec's  batterj' — a  platinised  silver  |date,  and 
il|ratn&t€<l  zinc — ^is  now  generally  used,  the  elements  being  placed  ia 
els  lined  with  asphalte.    The  solution  of  gold  or  silver  in  cyanide  of 
irm^doyed  as  the  decomposition  liquid,  in  which  tho  objects  to  bo  silvered 
)  euf'pendod  by  a  wire  connected  with  the  negative  pole  of  th*i  battery  i 
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f  bj  oairmataB.  This  process  is  based  upon  the  fact  that,  under  certain  conditions,  the 
Qces  separated  at,  combine  with  the  electrodes,  the  consequence  being  that  the 
de  is  gntdually  corroded  and  destroyed.  The  oopper-plato  intended  to  }^  etched  is 
mly  covered  with  a  mixture  of  4  parts  of  wax,  4  of  asphultc,  and  I  of  black  pitch ; 
ftign  is  then  drawn  or  rather  scratched  with  proper  tools  through  this  non-con- 
g  htyer,  and  the  plate  attached  to  the  anode  of  a  galvanic  battery,  and  placed  in 
tion  of  sulphate  of  copper,  containing  also  a  copper-plate  conncct<.Hl  to  the  negative 
de  of  the  battery.  On  this  plate  is  deposited  the  copper  of  the  solution,  while  the 
1  of  the  decomposed  water,  with  the  sulphuric  acid,  act  upon  the  portions  of  metal 
k-ered  with  the  protective  layer  and  produce  the  etching. 

jchr>in7.  Or  gulvanlc  painting,  consists  in  depositing  thin  films  of  oxide  of  lead  in 
rent  state  on  luetal  x)lates,  thus  producing  Nobili's  colours.  The  oxide  of  lead  is,  for 
irpose,  bet*t  dissolved  in  caustic  potassa  or  soda  solutions.  In  England,  this  method 
iiueuting  is  not  much  applied ;  but  at  Nuremburg,  where  toys  are  largely  manufac- 
this  proc-ess  is  very  simply  carried  out  by  placing  the  metallic  object,  previously 
t€<l  with  the  cathode  of  a  battery,  in  a  concentrated  solution  of  oxide  of  lead  in 
:  potassa,  while  to  the  anode  is  afi&xed  a  piece  of  platinum  foiL 

>-8tCTvot7pin{c.  For  the  purpose  of  reproducing  printing-types  by  galvanic  means, 
.  impression  of  the  type  is  placed  in  the  deposition-cell.  This  operation  is  alao 
red  for  the  reproduction  of  woodcuts,  gutta-percha  being  used  as  a  mould. 

«nph7.  By  this  name  is  understood  a  process  for  rcproducmg  woodcuts,  V^t  it  is 
[together  obsolete,  having  been  superseded  by  electro-typing.  A  further  disadvantage 
3At  the  glyphographic  plates  could  not  be  printed  from  the  same  matrix  as  type. 

tofcrmpiiy.  At  the  suggestion  of  Dr.  von  Kobell,  the  reproduction  of  some  kinds  of 
igs  and  pictures  has  been  tried,  in  order  t-o  enable  exact  copies  to  be  printed  from 
clM^trolytically  obtained  from  the  original  drawings;  but  this  method,  of  very  difficult 
fitly  execution,  is  superseded  by  photography. 
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Carbonate  of  Potassa. 

(KaC03=  138*2 ;  in  100  parts,  68*2  potassa  and  31*8  parts  carbonic  acid.) 

"*'^.dJS!^.^**"*^  The  substance  known  in  chemistry  as  carbonate  of  potassa  is 
generally  termed  potashy  because  it  was  formerly  obtained  from  wood-ash,  which, 
after  lixiviation  with  water,  was  evaporated  to  dryness  in  cast-iron  pots.  Potassa 
occurs  native  in  considerable  quantities,  but  never  free,  being  combined  with  silica  in 
many  minerals,  also  in  combination  as  chloride  of  potassium,  sulphate  of  potassa, 
and  in  various  plants  with  organic  acids.  The  following  are  the  sources  whence 
potassa  is  industrially  obtained  : — 

r       I.  The  salt  minerals  of  Stassfurt  and  Kalucz;  products- 
I  carnallite,  sylvin,  kaiuito,  and  schoenite. 

^*  ^of^^^r^^^  {       ^^'  ^^^^^P^^  ^^^  ^^^"^""^  minerals. 

I     III.  Sea- water  and  the  mother-liquor  of  salt-works. 

^     IV.  Native  saltpetre. 
/      V.  The  ashes  of  several  plants. 
Tt    'r\        •  I      VI.  The  residue  of  the  molasses  of  beet-root  sugar  after 

^Tpotossa!^'"''    1  distillation. 

I    YII.  Sea- weeds,  as  a  by-product  of  the  manufiicture  of  iodine. 
^  YIII.  The  suint  of  the  crude  wool  of  sheep. 

sS^lffrt^Iat'MfSe/Iiu.  I-  The  very  abundant  salt-rocks  near  Stassfurt,  in  Prussia,  and 
Kalucz,  in  Hungary,  chiefly  yield  carnallite,  sylvin  (CIK),  and  kainate,  a  compound 
of  sulphate  of  potassa  and  magnesia  with  chloride  of  magnesium.  Carnallite,  w 
named  in  honour  of  Camall,  a  Prussian  mining  engineer,  consists,  in  100  parta, 
leaving  the  bromine  out  of  the  question,  of^ 

Chloride  of  potassium     . .      . .     27 

Chloride  of  magnesium  . .     • .     34 

"Water 39 

100 
Pormula— ECL,  Mg  j  ^^  +  6K2O.  This  salt  is  applied  in  the  manufiBustxiTe  of— 
a.    Chloride  of  potassium. 
P,    Sulphate  of  potiissa. 
y.     Potash  (carbonate). 
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fttion  of  Chloride  of  Potaasium. — According  to  the  process  originally 

\^XiA  (1861)  by  Mr,  A.  Frank,  the  abraum  salts  are  igmted  in  a  itiverbeiatory 

fcCfj,  with  or  without  the  aid  of  a  current  of  eiteam,  aiid  next  lixiviated  witii 

tjr,  the  resiUliny  liquor  yielding  chloride  of  potassium.     The  raUonak  of  this 

I  ia : — I.  Thiit  the  camaUite  of  the  abraum  salta  ia  separatt'd  by  the  action  of 

ur  into  chloride  of  potassium  and  chloride  of  magiiesimu,     2.  The  latter  salt, 

•  oiiDeiug  ignit*jd  in  a  curreut  of  ateunj,  ia  ducompoaed  into  hyilrochloric  acid,  which 

ttcapcs,  and  magnesia,  which  m  practicaDy  insoluble  in  water,  and  which  oonso- 

qiiiiialy  remaiLia.     This  process  is  not  ibund  to  answer  well  on  the  large  dcale, 

*'AUd0  the  abnium  salts  contiiin  other  chlorides,  the  chlonde  of  aodiuin  and  tachy- 

tite,  by  th©  presence  of  which  the  decompositiou  of  the  caruallite  is  hindered. 

It.  Oriinebergrt  therefore,  8u^g^.'«ted  that  the  abraum  salts  should  be  first  mecliani- 

illy  purified,  tliat  u  to  say,  die  different  components  of  the  abraum  salts  should  be 

L  ibom  ooch  other  nccor(hng  to  their  varying  specific  gravity,  which  for— 

Caruallite  is  ^=1 '618 

Chloride  of  sodium  is  =^  2  300 

Kieserite  is  =1  2  •  5 1 7 

[  Tbe  abraum  salt  having  been  ground  to  a  coarse  powder  is  passed  through  eieves. 

fid  tJvftteil  as  minerals  are  in  metallurgical  processes,  with  the  difference  that,  instead 

ltdtt*r,  which  of  course  would  dL*5soIve  the  salts,  a  thoroughly  concentrated  solution 

f  dddfide  of  m^ignejiium  is  apphed»  this  solution  not  acting  upon  the  salt^,  and  being, 

luwoviir,  obtained  aa  a  by-product  in  enormously  large  quantities.     The  above- 

n»cnii<.med  salts  settle  in  layers  according  to  their  densities,  the  camallite  forming 

thy  upjMjr,  and  the  kie«erit*3  the  lowest  layer.     The  camallite  is  at  once  applied  to 

thtt  iiR«|»aration  of  chloride  of  potassium ;  the  middle  layer  of  common  SiUt  m  so  free 

fc^^ttt  othwr  foreign  salts  as  to  be  fit  for  domestic  use  ;  the  kicserite,  after  hiiving  been 

f  iruftlied  with  cold  water  to  remove  any  atlherlug  chloride  of  sodium,  is  applied  to  the 


Fio.  5;. 


Fm.  58. 


yjaanufectnre  of  sxilphate  of  potassa,  to  be  presently  described.  However,  the  greater 
aber  of  manufacttirers  at  Stasafurt  prefer  another  plan,  applying  the  five  following 
&tions  to  the  abi-aum  salt*?  as  delivered  from  the  salt  quarries ; — i.  Lixiviation 
be  camallite  with  a  limited  quantity  of  hot  water,  suMcient  to  dissolve  the 
rides  of  potassium  and  magnesium,  leaving  the  bulk  of  the  common  salt  and 
sulphate.     3.  Crystallising  the  chloride  of  potassium  by  artificially 
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freezing.     3,  Evciporating  and  cooling  th©  mother-liquor  to  produce  a  Boeoiid  \ 
of  crj'stJiUised  chloride  of  potassium.    4.  Again  evuporating  ami  cooling  th©  motU 
liquor,  wbicK  yields  the  doubly  suit  of  tho  chlorides  of  potasaium  and  ma^iosit] 
f»r  artificial  ctirnaUite,  which  is  next  treated  in  the  s*atno  manner  as  Ihu  tiativw  ( 
5.  Washing?,  dryini*,  and  packing  the  chloride  of  potassium. 

1.  The  cAmalUt/j  in  put  into  ca.'<t-iroii  lixi\-ialign  voHHeb*  and  mixfid  with  tliri'cs.ftwtrtliKj 
itA  wf^g-lit  uf  water,  proviou^ly  employed  for  the  wjinhiiij^^  of  enuL   ^  '       ' 
UTid,    thcrcfurts   rowluming   a    lary-e   ^unitity  of    unncuon    wiit 
|H)t[iMtduiii ;    Nte^im,  Jit    120%  and  at  a  pru^ure  of    3a  Ibi*.  t/i  tli* 
thiough  tho  perforated  ©irtiulttrly  bent  tube,  t  (Fij^r.  59)  uf  th#*  twatom 

Mr.  DuUg^lMi'tt  works  the  ILiiviiituni 
5S,  mill  5*j,  have  a  tml>i<ui.l  ctpfimty  of  ^u  Luu 
m\i  ciMt<:\i  M'ith  a  tiy-htly-fittiiiyr  \id,  fin  o|w>ji 
cut  for  tSc*  ceciipe  of  ?.u.r]4uH  Htc3ii».     Tht*  tttin 
kept  in  motion  by  Ktciim-iM^wer,     \Vlien  the  1 
of   ^t^atii    and   the  sturiitg-  hiiD  bc^'u  c«tititiued4 
tlu-tjf  himrts,  the  eonteut^  of  the  vi'ttf^els  ai'c  left  &t  1 
for  two  tiays*.  after  which  tho  sutiirnti^l  •cj^ittfin  h« 
fl  Tisiiy  of  32*  B.:;^  r2S6  sp.  pr.,  luid  i 
1'j.suLro  iiito  cryMt-iUi&itii^  vc»i*.cb«;  ' 
ILviviation  v.<h*^U    MiMMntMi...-- ♦..  ..U..  ,  ^^ 

weig-ht  of  ! 

2,  The  ij  , 

iffm,  120  luctrcii  iii.ijui  ?t»  f,  Uy  15  to  19  uic'ut^  1 
The  cMoride  of  p«itaAHiiira  enrstftlU*-**  in  <v)pmV 
with  fviinmoTi  ?iai+      ^        - 
Tery  mjIuUIo  uh  ^ 
iif^ium;    the  sul        ^     ,         ^ 
contftina  upwrtnl»  of  70  per  cent,  of  fldorirle  of  potiwrfiiaiiu  whi; 
hottain  <>jiitnifu*  only  55  per  cent.     If  shallow  vt5»t4ch*  are  ompl' 
ow*l»  nioR'  mpiiny,  jiji*1  a  finer  graine*!  suit  is  obtiuiii^d,  inixcHl,  howtv*  i,  vf  itL  j 
luid  rt:"|uiriji;f  m'lre  wiiHhiujBrs,  no  oix^nitioii  whitiL,  with  Uie  coai>c  jsult,  hji*  on^ 
perfonuf^d  once  to  jieltl  Ho  mT  cent*  ckloride  of    potji^iunu     Moat   of    tho  eKlntf_. 
Ii*»tij>winni  snld  by  the  mimnfiietiirere  contiilnA  So,  and  in  8*)me  caste  S5  and  90,  pure 
of  the  pore  salt. 

3.    llio  evaimmtion  of   the  first  motJier-Uquor  w  earried  on  in  ir«:»n  i»tiii»  of 
A»  by  tho  evai>onitiou  c^jnuuou  ^t  ia  hirgely  depwaitud,  wLich  hu^  a  ten " 

Fio.  60, 


Fio.  6 1, 


M,  and  check  the  condaction  of  bent,  the  puns  hk 
ni«'  only  on  Ui©  hides  (Fig^.  6 1  J,  and  the  liquid  kepi  cnn 
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i.     Wli«n  the  liquor  haa  been  rerluced  to  about  two-tburdA  of  it«  bulk,  witb  a  denjsity 

*  B»  =  1*298  sp.  gr*,  it  is  nin  into  tbe  cryHt4illiHm«v  voseels.     The  mass  remiiimng'  in 

kajHjnilirisr  pan,  consistiiia^  of  60  to  65  p<?r  cont.  common  salt,  6  ptT  cent,  chloride  of 

■*    '    r  Me  sulphntofi  of  magnesium  niid  p  *  -  ««c?r1  a.s  manure, 

'S  n-iiix'-HcnUHi  in  Fig.  60,  nn  hy  some  munu- 

-,  T,  ur*'  phiofxl  parall^'i  tu  the  si*!-  ^^tA,  m\A  <jpt'n  in 

>"Uig-  carried  oflf  by  the  tiibo  t'.     Aj*  mi^''ht  be  expoetod,  the  eonoen- 

r  is  nifire  mptdly  performed  by  rneau^  i>f  e^U'iimt  but  the*  orystulliiiation 

it  f  !-Mlt  i-.  ]  !'<-ri  r,  Welding  only  50  to  60  |>er  c^tmt  chloride  of  pita»idum« 

l&il  Jill.    V,      i  ii  LTs  to  iKTumulate  So  per  cent,  pure  pfitaj^Hium  nalt. 

'1        1  i-lniiior  is  A^iu  concentrated   by  cvajt'^^   *^  -    *     35°  B. 

ir  ini!>i''  ^imiloj  to  the  resklue  of  the  first  n,  and 

;  a^  n  manure.     On  being'  submittal  to  crv  jj,  this 

1    vitltLi  artiiit  iiil  *  .JTij;i]]ih%  tti  ate<I  aa  the  salt  obtaixitxl  frtun  the  nativti  deposit, 

►T«-«vMr.  with  Ws  lidMiTir  S'  tr>  ->j  per  cent,  chloride  of  potajtsinm.     The  tMoride 

01  |otji>>  '  r  fill  pum  water,  ijs  dried  either  in  rooms  heated  by  steamy  or 

innBtx!  leratory  furnace.     The  dry  salt  is  then  packx-d  in  caaka, 

9idieofit.j. ^  ...,.*.  ^v^^>  i.**w»» 

il.  The  pi-epfi ration  of  flulpbato  of  potassa  may  be  effected : — 
a.  From  chloride  of  potassium  and  sulphuric  acid. 

^1  By  Ikmgmaid^s  (»e©  Soda  ManuluetuxG)  rotisting  process,  ti^m  tho  calcina* 
tian  of  chlorido  of  potassium  ar^d  fiulphurot  of  ii'on^  and  in  mot>illuTgical 
pirocesises  wboro  chloride  of  potassium  is  u&ed  instead  of  I'liloride  of  sodium. 
I c    Prom  cbloride  of  potajssium  and  kie^rito. 
[  d*    Frtim  kainite* 

I  rsion  of  chloride  of  potassiuin  into  tho  Ettilphate  of  potas^a  by  double 
\rith  sulphate  of  soda  is  not  practicable  on  tbe  large  scale,  &»  the  two  !»uJt8 
.  y  to  form  double  salts;  therefore,  the  methods  ^f  and  h  are  prrif^Hcnlly 
r  under  OTtaiu  pK-uliar  conditions.  A  «mall  quantity  of  chloride  o^  i  '  '  i  j, 
'  Llitnd  as  a  by-prixliiot  of  tlie  preparation  of  kelp,  is  eouvertcd  it 
Ftbe  mcHnsi  in  n^  for  th«'  m3ninfa4'tunr  of  soda  {qttmt  ind*^.  ' 
ili^/niiUjiifHrliLrc  <>f  ^^ulphrili'  <jf  yK*tu*^'It  by  the  aid  of  the  i»nli>hurie  a(  i  1 

_  »  ar?^  the  f  olio  win',''  —First  j^filKKiiite  and  camullit«  are  pivpared  b^ 
c»|  x^tAatduin  and  kie^rite  in  buiiiug  wat«r,  and  ctystalU^ng  the  BoIiiUau  thua 

4  mol«.  Kieserito  *i   \  2  moI&  8c^hocnite» 

3  inol*.  Chloride  of  potas^iium  )  I  i  moL  Giuiitillita. 

dtc  and  nrtifieuil  camaUite  aro  separated  by  crystallisation,  and  tlie  former 
Bpooiid  bv  c}di>ride  of  potassium : — 

,  .0}.  ^wnit.       \^[\Ti  1,  lai"'  ^*^ 

3  tnoU.  Cyorule  of  potji«ium  (         \  ^  ^^^  ^^  Camallit^. 

^mtr^  of  potawn  crrstrdlisefl  first,  and  is  simply  purified  by  waahinp:  with  water. 

J  i«  fotind  in  vpry  Inr^ro  quantities  among"  the  naline  deposits  near  Staaafurt,  it  is 

rf  nptjmtJoTt  of  sulphate  of  potaHsi]^ ;  by  a  simple  wa.Hhinp*  with  water, 

netuum  rcrtitained  in  the  kainite  ia  removed,  and  the  fcalt  tlma  cunvLi-tcd 

-CT^taridc  of  magnedttm }  =  Sctoemto. 
'^  i«  then  fjriployed  in  the  manufacture  of  inilphate  of  potaaaa  by  beinjBf 
loride  of  potiu*?dum;  the  euiphate  of  potassa  thua  obtained  is  UMrd  cither 
L  or  p^it^us*a  manufuctuxe,  or  as  a  potasaa  manure. 

.,  Pppparation  of  Carbonate  of  Potassa  or  Mneral  Potash. — Very  many  eug- 

ona  liave  boon  made  for  convei'ting  by  simple  means  chloride  of  potassium  and 

ati>  of  potassa  into  carbonate  of  potassa,  iudustrially  known  as  potash  ;  but 

\  c4  tl^e  pbtn«  proposed  are  unfit  for  use  on  tbe  largo  scale,  and  even  tbo  method 

ic  for  soda  manul^icture  has  not  been  in  every  caso  suceessfiil 

[i0  pit)duction  of  chloride  of  potasaiuni.    *At  Kiilk,  on  the  opposite 
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bonk  of  tlie  Bhine  to  Cologtie,  a  process,  eaid  to  be  bosod  upon  Leblaxus't 
ia  sncoessftilly  in  operation,  but  the  real  amuigemente  are  carefully  kept  6>x3«t,ao 
one  being  allowod  to  vidit  the  works ;  however,  it  i8  stiitod  that  sulpha  to  of  fMitisai 
containing  schoenit©  is  mixed  with  chalk  and  small  coab,  and  calcined^  the  ctl^ 
cined  mass  being  lixiriated  when  cool,  and  yielding  carbonate  of  pot&^ft  m 
solution,  and  a  residue  of  sulphide  of  calcium. 

''"^IhS^KSSLr'^"'**"  ^^  Potassa>salts  from  feldspar.  It  has  been  fiund  by  Oie 
an&lyEis  of  minerals  entering  largely  into  the  consrtitution  of  rocks,  thut  |HjUi*834ii 
preaont  in  oonsidorablo  quantities.  The  following  may  be  taken  as  instant 
Orthoclaae,  or  potash  feldspar,  contains  from  lo  to  16  per  cent,;  potash  mica, 
10  per  cent. ;  trachyte,  glaukonite,  phonohthe,  7  to  8  per  cent. ;  porphyry, 
Hte,  and  nuca  schist,  6  to  7  per  cent ;  granite,  syenite,  gneiss,  5  to  6  per 
doled te,  basalt,  kaolin,  and  clay,  i  to  2  per  cent. 

Before  the  discovery  of  the  potaesa-salt  depoeitd  at  Stassfurt,  Kalucz,  r n  ' 
there  wore  many  siisrpic«tionii  made  as  to  the  obtaminfr  of  the  pota^isa  on  ti 
but  at  present  thi-  ^  ---    >   -f  induiitry  lie»  dormant,  uot withstanding  fV*-  * ' 
of  Mr.  Ward's  (1  tion  that  feldspar  flhould  be  miied  with  fli 

pulverised— the  fl  ^  \ug  t^iml  in  quantity  to  the  potassa  contain* 

— a  inixtme  of  ch^lk  tiud  hydrate  of  lime  added,  the  mass  ignited  in  kUns  ui  ^'i«»-ti 
and  finally  treated  with  water  to  j-ield  caustic  potaasa  and  a  raaidue,  which,  after 
oaleinntion,  yields  excellent  hydraidio  lime 

'**8S^w»iJr'"   ^^I'  ^*^-  Usiglio  found  that  the  water  of  the  Mediterranean 
in  10,000  parts  by  weight  5*05  parts  of  pot4i,ssa ;  and  after  the  removM 
readily  crystalHsalile  salts  left  by  the  spontaneous  evaporation  of  the 
sun's  heat,  thia  natural  mother- liquor  is  applied  to  the  preparation  oi 
salts,  according  to  the  following  method  : — 

The  proces*  now  in  use  near  Aignes  Morte<»,  and  other  localities  in  proximity  tai 
Ueditorraaeaii,  was  invented  by  Professor  Balartl,  t}ie  discoverer  of  bromines  m  '  ^ 
from  I  cub.  met.  of  mother-liquor,  equal  to  about  75  cub.  mets.  of  B€?a-wat<  r, 
^  1*226  sp.  gr.  40  Idloa.  of  flulphate  of  soda,  120  kilos,  of   rt!fined  f^Tmnt'tTi 
10  kilo©.  01  chloride  of  pot^issium-     It  haa  becTi  found,  however,  that  tl  l 

costly,  and  the  mother-liquor  is  generally  left  to  ^ontaneoua  evap* 
three   following   kindfl   of   salt: — a.  The   fij^t   salt   separated  from  w  mi"  "^    '^ 
^  1-266  sp.  gr.,  only  impure  common  salt.     A.  Tlie  sf^iond  fait  separated  f rum  Ji 
32'  to  Jj'B.  =:  t.266  to  I  -299  8p.  gr.,  coufiisting  of  equal  parts  of  common  ^Ui 
Sttlt,  and  termed  mixed  salt,     e.  The  third  salt,  35"*  and  yj"  B.  =:^  I 
termed  summer«alt.     The  second  salt  baring'  W-n  dissolved  in  fr 
solatiou  is  placed  in  Carry's  ice^making  madhine,  and  y'hA' 
exchange  of  its  constituents.    The  third  salt  is  diH^idved 
cooling  half  its  pota.^isa  as  kainite.     The  njothr"*^     ••  >»- 
salt,  ind  bitt«r»  or  Epw^m-salt,  yields  sulphate  «  ■ 
of  majETCtesium,  all  its  |K>tai48a  as  camallite,  whi> 

chloride  of  potassium-     In  this  way  it  has  beoomt^  poaeiLie  tw  nbuiiu  45  jior  ^unii,  i>ij 
potaasa  of  the  mother-liquor  &»  chloride  of  potassium,  and  55  per  oent.  of  »uhoc3xit<i 
IS  conTerted  into  sulphate  of  (totas^^a. 

Jjgj>^jj^|*^      lY.  The  residue  left  from  the  ignition  of  theorennic  maH^vi',  m 
iia  it  is  usually  termed,  of  plants,  contains  those  m 
hfts  taken  from  the  soil,  chiefly  potassa,  soda,  lime,  i 
protoxides  of  iron  and  manganese,  combined  with  pho&phonc,  sulphuric 
carbonic  acids,  ami  also  with  the  haloids.  Those  combinations  arunot,  hoi 
same  as  those  existing  in  the  living  plant,  because  the  high  temperatum 
ignition  haa  the  effect  of  changing  the  affinities.  Plants  grov  '     -.«♦ 

rally  contain  large  quantities  of  soda,  while  those  inland  ^llr 

pofasMa.     The  quantity  of  ash  varies  not  only  for  different  1  t\ 

various  parts  of  the  same  plant,  verj^  succulent  plants  and  tii    1 ;      1 
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ily  yield  tbo  largest  quantity  of  aeb ;  herbs  yield  more  aaH  than  abniba, 
[  more  tbun  trees,  and  the  leaTGe  and  bark  of  these  more  than  the  wood-  It 
&nt  that  tho  inor^^aDic  matter,  chiefly  alkalmo  salts,  hoing  contained  in  the 
plants  in  a  soluble  state,  the  quantity  must  of  nect^ssity  be  greatest  in  the 
eorctilent  parts,    , 

'  found  the  aah  of  beech-wood  to  cxmtain — 

21*27  P^  >^i^t*  of  soluble  salts, 
7S73    n     n     ol  insoluble  salts. 
EioltibU  asllt  WC'^^  t.  ,.^  \  *^  y^ — 

of  potassa     ••     ..   15-40  percent, 
y                f  potassa       ..     ..     227    „     „ 
Carwuttie  of  so<ia  . .      » »      , ,      3-40    „      „ 
Cldorido  of  sodium 0-20    „      „ 


21*27  percent, 
an  a^h  for  the  manufacture  of  potash  is  chiefly  dependent,  in  the  first 
Ipon  the  qtiftutity  of  potasdc  carl>ouiite  it  will  yields  upon  tlie  abundance  of  the 
other  vegt? table  product,  and  the  cost  of  labour.     The  undermentioned  woods 
la  ftTeragG,  for  1000  parts,  the  following-  qi^autities  of  potash  : — 

,     , .      . .     0-45  Beech-bark  . .     . ,      , .     , .     . .      . .     6'00 

, ,     - ,      . .     075  Bried  ferns . .     6*26 

,♦     *.     ..     i'45         Sterns  of  maize  (Indian  com) . ,     .,   >7"5<> 

,     .*      1*53  Bean^straw ..      ..   ao'OO 

ftod   • ♦♦     ..     ♦*     2'26         Sunilowcr-8t4?ms ,     ..     ..  20'0C 

Nettles IS'OJ 

Wtr)i-3traw . .     , ,  27-50 

Tliisties        ,.     .,      ,  35-37 

Drifxi     whest-plant     prerioas     to 

bloomitigr . .      . .      • .      . .      .  t      « .  47^00 

Wormwood  .  *      . .      , , .   7300 

Fumitory ,      , ,   79-00 


ak-kuMt^.. 


[ii^  to  M*  HOes,  1000  ports  of  the  following  kinds  of  wood  yidd — 

A«h.         Puta^L                               -             Ash,  Potash. 

.,     340            045         Willow     2S'0  2*85 

.,     5'8o             I'27          Vine 340  5*50 

i2'20            0*74         Dried  ferns      .»     ,.     36*4  425 

^3*5^            **S<^         Wormwood      ..     ..     97*4  7300 

. .  25*50           3-90         Fumitory  . .     , .     ♦ ,  219-0  79-90  . 
afaHoti  of  pot-itiJi  fmm  Ti^gfetablo  matter  is  efii&ctod  in  three  operations,  viz. : — 

rude  liquor. 

...   ,\. .    .\:Ae  potash- 
the  vcpr*t«blo  matter   should  be  bo  conducted  as  to  prevent  Its 
Hind  priving- rise  to  the  ccmbustion  of  some  of  the  reduced  potassa^ 
L  too  iitrong  a  cttrrent  of  air  be  admitted  for  fear  of  the  a^h  l>eiiif?  mechanic 
^0&     A  diH+inc'tJon  U  made  abroad — no  potash  from  wood  or  other  Vf.»|tp:ttable 
m1  ue  United  kingdom,  nor  wond  used  as  fuel  in  sufficient  quantities 

III  lion  of  potaMQ  — bttwtcn  the  abh  obtained  l>y  the  combustion  of 

and  the  8Ji*h  fr^jni  wo^ihI  u*:'<1  as  fuel,  the  ftinuer  being  k-rraed 
h.     As  ash  from  other  fuel  tli.in  wood  raay  be  mixed  with  fiiel- 
Jily  te^tod  by  liiiviation^  and  the  deiiiiity  of  the  liquor  taken  by 
\m  htirhi  r  Uxe  ajjecitiL'  j^javity  the  larger  the  quantity  of  soluble  salts.    For- 
b^A»h  wa*  ^mr\»t*r\j  prepared,  and  sold  to  potaali-boilera.     There  is  still 
i  Pnn^n  :j        '       '    1  ci  material  termed  oXr*/*  or  ochra*^  holding  a  position 
udp  a*li  i« 
g^»  .f  t  >. ..  iiie  Beimration  of  the  eoluble  from  the  insoluble  saliue 

rhnut  25  to  30  per  cent,  of  the  entire  weight  of  the  ash. 
niden  veaBel»  shaped  like  an  inverted  truncutei.1  cone,  and 
I  iX**!  bottom,  which  is  coverod  with  straw ;  in  the  real  bottom 
6a    .  i^'  tha  liquor.    If  the  liii^nation  is  Bystematically  carried  on, 
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eeToral  of  theee  rc-KBels  are  plac<?d  togretlier,  forming  what  le  termed  ft  "battery,  Mid  i 

ench  a  tank  to  ii?coive  the  liquor.  The  aah  to  bo  lixivintod  is  first  fiopar&t^d  ittsm.  the  < 

partiG]e«  of  charcoaj.  next  put  into  a  small  square  water-tight  wooden  box,dii*l  Lhnroilj 

8tttTirat£*<l  vd\h  water  for  at  knst  twt'nty-four  houjin.     By  this  prfH^ct^lir      *^      '     i  ^lAtf 

gnruitly  a-tHiKted,  and  the  silicato  of  pot^Hsui  to  8om©  extent  dec^mpo 

tilt?  riirbjuie  iirid  of  the  atmo9phert\     The  next  fttep  is  to  txaiiJsfeT  \  -Ji  i 

lixirintion  veai't'l,  cure  bcang  t4iken  to  press  it  tig^htly  dowu  on  to  the  taif»e  butltim:  < 

water  is  then  poiirc^l  in,  until  the  liquor  hepiiw!  to  run  off  at  the*  ijif*  left  n^^r^  frrr  ttisl  ' 

purpo«^.     The  liquor  whieh  runs  olf,  after  the  water  has  reiii  i 

contact  with  the  ai^h,  in  found  to  contain  about  30  per  cent,  of 

dcerejmn«-  to  about  10  per  eent.^  when  htjt  water  is  employed  to 

The  in.wluble  residue  left  in  the  lixi^-iation-tub  ia  of  value  ns  u  tj 

phosphate  of  lime  it  eontaina,  and  i&  also  used  in  making  gr- 

luiildiu^  up  saltijetre^beds 

h.  Boilijjg"  dowTi  the  liquor.     Tlie  liquof  obtained  by  lixiiriation  l»  of  a  hmwn  * 
owiujL'"  to  orfiraiiic  matter,  hujnin  or  uliiiine,  wtiich  the  caThonate  of  pota»<-i 
from  the  Humll  eliipa  of  imperfectly  burnt  thurcoal.    Tlie  evaporation  is  ear 
fthftllow  iron  punfi,  fresh  liquor  beings  from  time  to  time  added,  and  the  ■  "^' 
until  a  sample  of  the  hot  eoncentrated  liquor  exhibits  on  cooling  a  cr* 
When  thw  jKJint  is  rtiachwl  the  tiro  la  gradually  extinguished,  and  ay 
of  the  pan  are  sufliciontly  cold  to  handle,  the  solid  salt  mai«  is  broken  np.  il»  iiultjurit  I 
"brown.  This  crude  prcnluct,  containing  about  6  per  cent,  of  water,  in  known  in  tlie  1 
onide,  or  lump-pot fush.     It  is  evitlent  that  this  roethud  of  bcdling  down  may  cau 
able  dnmaR-e  to  the  iron  jtans.  thfrefore  in  mnny  iiistJuioefl  the  <.iperatitjn  is  cund 
Bomevrhnt  different  manner.  The  liquid  is  kept  stirred  with  iron  ntkes    ^s,!  t}u 
of  fonninj/  a  hfird  sr.did  duikh,  is  obtained  tu*  a  granular  powder,  oontaii 
per  cent,  water.     iSomo  nuinufnetureri?  first  separate  the  .sidph ate  of  ]' 
les«  soluble,  ery (it a lli-se.«*  before  the  carbonate,  u  deliquestcent  salt,  is  w-p;kr.it4.d  j 
liquor;  in  most  eases,  however^  this  operation  it)  only  carried  on  where  tho 
potash  is  required  for  alum-makinjr.     The  ]H*ftrl-a^h  or  potaah  of  commerce  1 ' 
ably  contains  a  large  quantity  of  sulphate  of  potash. 

f .  In  oixler  to  expel  all  the  water  and  to  destroy  the  organic  matter,  the  _ . 
calcined,  and  as  this  operation  waa  formerly  performed  in  cast-ircm  pots, 
obtained  the  name  of  potanlK     A  calcining  furnace,  Fig^  62,  i»  now  u,v^,  1"      _^ 
from  ordinjary  reTerbcratory  f uiuacea  hy  b^g  provide  with  a  double  fire-piaotv^ 


Fio.  62. 


ii' :  '•■'  '■  ot   wrtii-h  i--  '  ■  '   li'    seetion  at  A,  Fir..  <o,  rir«'  ]'i.i' 

V  iTid  theilameJii  ftmiT  in  the  centre  of  tlie  fh 

11.1.    V .l.ole,  into  the  »'hiii...   Wotxl  is  used  as  fuel,  aivl     - 

fiLmnees  require©  a  very  htrge  quantity,  they  are  only  in  use  m  ' 
crude  potash  ia  reitdy  for  lieing  ojjerated  upon.     Tlie  furnace  ia  tl 
five  to  '4ix  hours,  care  bein^'-  t^iken  to  fire  graduaDy,  and  to  brinff  thi^  n 
to  nearly  red  heat,  so  that  tile  vapour  due  t-o  the  combustion  of  the  wr - 
iitmde  tJKc  furnace,  but  be  carried  ofi'  by  the  flue,     Tlie  crxitb  '    ' 

lumps,  13  next  placed  in  such  quantitiea  at  a  time  a-s  may 
Koarth  -,  for  inatance,  if  the  hearth  is  roomed  to  contain  '3  '         , 
into  throe  portions  and  put  in  at  intervala  of  a  few  nunutes.     The  ti 
is  to  expel  tho  water  frum  the  potash,  the  eacape  of  the  steam  being  j' 
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about  an  hour  all  tlio  waber  is  driven  oif|  and  the  maas 
p  uj  k  e  of  the  burning  of  tho  orgiinic  matter,  the  salt  at  Jirst  beinjj' 

a,  biL  \y  btvjoniiii;^  white  a^  the  oiirhoti  btimn  off.     Aa  Boon  as  tliia  ata^ 

|dj  IsLt'  |KiUi«ili  is  removed  to  the  ccKjliii^'^-hcarth,  und  when  cold^  packed  in  well* 
inden^cssks,  which,  as  tiiia  salt  id  very  h)  gruscDpic,  are  rendered  an  nir-tight  aa 
J  Tlie  heat  of  tho  fumae*  haa  to  be  well  Te^laUti  to  iprevf:fat  the  jiota^ 
r  9eau-fu>4ed,  in  which  case  it  would  attack  the  sUicefjus  matter  of  tho  fire- 
file  workmen  from  time  to  time  take  a  aroaU  aomplo  to  teat  how  far  the  calcination 

I  Kuropo,  obtain  a  eonsidGrablo  qtmntity  of  potash  from  tho  XJnitod  States  and 

Pkaowu  OA  Americttn  potatdi,  of   which  there  are  thn?*?  diiferc-nt  kind^  vlx. : — 

b  pwpared  Its  dc^H?rrbod.     2.  Pearl-aah,  or  pot«i*h,  pnrificd  by  lixiviation,  deoan- 

r  '  Ixiiliu^r  down,  and  the  calcination  of    the  salt  thus   Qbtainc^d. 

0  of   uiieakmed  pota*h  (potaasic  carl>ouate),  and  caustic  potnAh 

crude  potash  liquor  with  canatio  lime,  and  boiling?:  down  the  mtis^ 

hns  the  appearance  of  the  crude  cauiftic  soda  of  thi*  country,  but 

^  iiV  oxide  of  iron;  the  lumps,  stone-hanl,  are  fri3ra  6  to  lo  centima. 

liDa*i^  and  cuiitjiii  upwards  of  50  per  cent,  caustic  pota»«h.     The  under-mentioned 

exhibit   tlie    varying^   composition  of  tho  potash   of   commerce: — Sample   i   iai 

:    -     ^'    -,iai  ;    annlyHt,  M.   Hermann.     2.  Tuwany.     3  and  4^the  latter  of  a 

m  Narth  Amcriea,     5*  Ru*isjft.     6,  VtM»firejj  (France) ;  analytft  of  2,  3,  4, 


,  BlUitcl}! 


7.  lleimatedt,  in  Bruiis^^ek ;  analyst,  M.  Liinpricht.     S.  Kuaaia ; 


]. 

2, 

3. 

miate  of  potanh    . 

.   7S0 

74-1 

71-4 

nnate  of  sfwla 

• — 

30 

23 

Kate  of  f>f  itash 

170 

13-5 

14-4 

^de  of  potai^iutn . , 

.    3"o 

0-9 

3-^ 

iQhto  n»idue  . .     . . 

0'2 

72 
01 

45 
27 

2-3 


s» 

6, 

7- 

8. 

69-9 

38-6 

49-0 

50'^ 

31 

i'l 

— 

1214 

141 

38-8 

405 

i7'U 

21 

91 

100 

5^80 

8-8 

u 

— 

1018 

2-3 

— 

3'6o 

llcined  potash  rariea  in  colour,  being  either  white,  pearl- prey,  or  tin^^  with 

M,  '  r  Mil-      TTir  rrrl  rrsbmr  in  due  to  oxide  of  iron,  the  hhie  to  tlte  mani^rtinQtoei  of 

vyatalline  mivs«,  never  eniin'ly  ifw-ilublo  in  wJittr.    For- 

waa  obtained  from  the  rer»idue5i  ot   ftine-miikit*g',  and 

ia»-^  .^  _  ^i       Ipohol  has  been  distilled  fn>m  the  vrine,  and 

fe  IV  I  crude  bit^rtmte  ot  pot^Lsh :  it  was  boiled 

n  i\i  rj  ^od  potash  for  ever)-  hectolitre  of  vinajsae. 

rly  produced  muy  bo  jndytxl  from  the  fact  that  19 

r  i  ranee,  thr>se  only  where  hirge  quantities  of  wine 

[\\  termed  trrti*  ifix  and  rif*^  htot,  yield  annuidly  about 

I  ".at  the  present  time  employed  for  the  propuration  on 

fi^ut  ifi  I  M^aiii  I'i  L<ini,ii,  jtflycerine,  and  tartaric  acid. 

hvniitm-t  V.  Of  Iftte  vetira,  the  nianiifucture  of  potash  salts  from  the 
*  tho  distillation  of  fonnonted  beet^root  molasses  ha^  b«*eii  added 

_.         1  uf  induatry  by  M.  Dubmnfaut,  and  introduced  into  Gomiany  by 
^agmiy  in  the  year  1840,  at  Mucrena,  Prussjan  Saxonj'. 

K*U  *^fn  t^iag  sabjected  to  ignition,  yielrls  an  a«h  oontainin^r  a  large  percentage  oi 
^fact  first  obsen-ed  in  the  early  part  of  this  century  by  M.  Sfathieu  de  Domboale, 
teri  French  apTicultoji8t,  who  discovered  tJiat  100  kil'o«»<  of  dried  beet-i-oot  leaves 
C  ki]o«).  ♦♦f  ajOi,  caiitainintr  51  Idlosi  of  potaeili ;  but  tins  author'w  idea  that  the 

t    '  *   * *      '^      '  ^     '  *hered  for  the  piirx>ONe  of  pita.«h  manufacture,  lu-oved 

h  of  the  roots  wa^  jcrently  imp«^fl<vL     After  the  publiea- 

-on  this  subject,  in   i8j;H,  the  vinasae  of  the  Ix^et-root 

11  w*a*  cvaporaUxi  to  drynea^,  next  ctUcined,  and  tlie  calcined  mass  refined 

t  »f  pr»t'»«b  f\*^d  other  ealtw  of  that  base,  an  induHtry  which  has  obtained 

'Iti^d  fn>m  the  fact  that  the  quantity  of  these  material^  ^ 

it  in  1S65  ainoimttd  to  240,000  ewt^, 

i»,x*  I    «  ,.  .  ,1.    ,.,^  .1.  1  Ml .  on  this  j»ubject  is  referred  to  the  work,  **  On  tho  Manu- 

|Beot-Eout  Sugar  in  England  and  Ireland,"  by  Wm.  Crookea,  F.R,8,,  &c.,  p.  250 
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The  molasses  from  beet-root  sugar  consists,  preyious  to  the  fermentation  and 
distillation,  of  the  undermentioned  substances,  as  recorded  by  the  several  analyst! 
whose  names  are  subjoined : — 

Bninner.   Fricke.    Lunge.        Heidenpriem. 

"Water  15*2  i8*o  i8'5  lyo  197 

Sugar  49*o  48*0  507  46*9  49*8 

Salts  and  organic  substances     35'8  34*0  30*8  34*1  30*5 

The  following  analyses  by  M.  Heidenpriem  exhibit  the  average  composition  of  the 
ashes  of  molasses : — 

I.  2.  3. 

Potassa       5172  47*67  50*38 

Soda 8-00  11*43  8*29 

Lime •      5*04  3*60  3*12 

Magnesia     .. o*i8  o*io  018 

Carbonic  acid 28*90  27*94  28*70 

The  romainder  of  the  100  parts  consists  of  phosphoric  and  silicic  acids,  chlorine, 
oxide  of  iron,  &c.   The  quantity  of  ash- amounts  to  10  or  12  per  cent.    According  to    : 
Dubrunfaut  the  alkali  metrical  degree  of  the  ash  of  beet-root  sugar  molasses  is  »    j 
constant,  as  the  ash  obtained  from  100  grms.  of  molasses  neutralises  on  an  average    | 
7  grms.  of  sulphuric  acid  (H2SO4).  1 

The  molasses  is  goncmlly  ti-eated  in  the  following  manner : — It  is  first  diluted  with  '• 
either  water  or  vinasse  to  8*^  or  11**  B=  1*056  or  1*078  sp.  gr.,  and  mixed  with  0*5  to 
1*5  per  cent,  of  a  pure  mineral  acid,  the  object  of  this  addition  being  not  simply  the 
neutralisation  of  the  alkali,  but  also  the  conversion  of  dextrine  and  such  unfennent- 
able  sugar  into  fermentable  sugar.  Formerly,  sulphuric  acid  was  used,  but  upon  the 
recommendation  of  M.  Wurtz,  hydrochloric  acid  is  now  generally  employed,  the 
advantufro  being  the  f<jrmation  of  readily  soluble  chlorides,  instead  of  comparatlTe 
insoluble  alkaline  suli)hui-ets,  the  action  of  the  organic  matter  present  in  the  molasses. 
The  diluted  molasses  is  next  mixed  with  yeast,  left  to  ferment,  and  the  alcohol 
distilled  off;  the  residue  is  a  liquid  of  about  4°  B.  density  [=  i  -027  sp.  gr.]  containing 
undecomposed  yeast,  ammoniacal  salts,  various  organic  substances,  and  all  the 
inorganic  salts  of  the  beet-root  juice.  The  potassa  is  present  in  this  liquid  as  nitrate 
chiefly,  although  by  the  addition  of  hydrochloric  acid  a  portion  of  this  salt  is  dec«)m- 
posed,  red  nitrous  fumes  sometimes  being  seen  in  the  fermentation  room.  Evrard 
suggests  that  the  saltpetre  should  be  separated  from  the  beet-root  molasses  by  evapo- 
ration, and  further  inirified  by  the  aid  of  the  centrifugal  machine.  The  acidity'  of  the 
vinasse  is  neutralised  by  chalk,  and  afterwards  it  is  evajwrated  to  drjTiess  in  an  iron 
vessel,  the  total  len.y:th  of  which  is  20*3  metres,  by  an  average  width  of  i*6  metre, 
extended  at  the  top  to  2  metres,  the  depth  being  0*34  metre.  The  vessel  is  made  of 
stout  boiler  plate,  strengthened  by  stays  and  angle  irons,  and  is  divided  into  two 
divisic>ns,  the  larger  of  which  has  a  length  of  14*3  metres,  and  is  the  real  evaporating 
pan,  whilf-  the  other  is  used  as  a  calcining  furnaces  and  covered  with  am  arch  of  fire- 
bricks 06  metre  liigh.  The  fire-place  is  i -3  metre  wide,  and  the  fire-box  has  ft 
8urfa<'e  of  y}^  sfjuare  metres.  The  evaporation  is  efToctoel  by  surface  heating,  that 
IS  to  say,  the  flame  and  hot  gases  from  the  burning  fuel,  after  passing  across  the  fire- 
bridge are  conducted  over  the  surface  of  the  vinasse,  the  calcining  pan  being  nearest 
to  the  fire,  while  the  evaporating  pan  is  at  its  other  extremity  in  contact  with  the 
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cJiimney.  The  yinaase,  Laving  been  v\m  off  from  tho  still,  is  kept  in  cisterns^ 
'bieh  it  is  forced  by  means  of  a  pump  into  a  reservoir  80  placed  as  to  admit  of 
id  running  in  a  constant  stream  into  the  ovapomting  pan.  At  a  ftrst  operation 
hu  evaporating  and  tlie  calcining  pan  are  filled  with  vina^sct  hut  afterwards 
:er  is  dllcxl  regularly  with  concentrated  thick  liquor,  which  ia  simply  carbon-* 
lie  organic  matter  being  only  destroyed* 

diiily  average  of  carbonised  vinaeso  is  about  5  to  5^^  cwts.    The  compositioa 
mce  may  bo  gleaned  from  the  following  approadmato  analyai^j : — 
Ibsoluble  matter  =  23      per  cent 

Sulphate  of  potassa  ^11*07       ,, 

Chloride  of  potassium  =1  ii*6i       ,, 

Carbonate  of  potas.-^a  ^51-40       „ 

Carbonate  of  soda  =:  23*26       „ 

Silicic  acid  and  hyposulphite  of  potassa   ^  traces      ,, 

99-34      M 

3ermauy,  the  calcined  vinasse  is  generally  sold  to  saltpetre  manufactui-er*,  but 
|:tum  and  France  this  matenal  is  calcinedf  lixiviated,  and  the  salts  it  contains 
licly  obtained.  For  this  puqjose  the  Wnasse  is  first  evaj>onittrd  to  38°  or  40°  B, 
^  Ih  ^'  ^*)t  ^^^  next  carbonised  and  calcined  in  a  furnace  constructed 
tibitCHl  in  Fig.  63.  V  is  a  rcsoiToir  containing  the  concentmted  vinasao,  which 
of  a  tubc»  is  gradually  run  into  the  furnace,  of  wliich  o  is  the  fire-placei  M 
40I1  space,  destined  to  contain  the  concentrated  or  carbonised  yiaasBe, 

Fid.  63. 


~^:=l 


1  is  ifvaporated  to  dryiiei!is  and  calcined  in  m/;  a  door  is  fitted  to  each  com- 

[it .  and  at  P,  the  end  of  the  furnace  opposite  to  the  lire -pi  ace.   The  air  required 

rjilcinatioo  is  admitted  partly  through  the  ash-pit,  partly  through  the 

».  B,  in  the  brickwork.     The  thicki^h  liquid  vinaase  admitti'd  into  m'  ia 

:  gtirred,  and,  as  soon  as  it  is  quite  dry,  it  is  shovelled  across  tho  brickwork 

ito  the  calcining  space,  m,  core  being  taken  to  again  till  m'  with  eoncen^ 

The  organic  matter  of  the  saline  mass  soon  takes  fire,  omitting 

\  fumes.     The  calcination  is  greatly  aided  by  the  access  of  air  at  B,  and  also 

^  extent  by  the  nitrate  of  potassa  present.  The  temperature  bus  to  be  regulated 

fimt  the  soltd  becoming  fused  and  furming  a  hard  compact  mass,  in  which  case 

phate  of  potassa  would  bo  reduced  to  sulphuret  of  potassium,  a  salt  which 
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could  not  bo  i-omovcd.     The  calcined  vinasso,  technically  termed  «a7tn,  contains, 
when  romo>-ed  from  the  furnace,  lo  to  25  per  cent,  of  insoluble  substances,  viz., 
carbonate  and  i»hos])hate  of  lime,  more  or  less  charcoal,  and  in  addition  3  to  4  per 
cent,  moisture;  the  r«»maindor  consists  of  carbonates  of  potash  and  soda,  sulphate  of 
potttssa,  chloriJo  of  potassium,  and  sometimes  cyanide  of  potassium  in  considerable 
quantity.     Th».'  nlative  (juantities  of  potassa  and  soda  are,  of  course,  not  at  all 
constant,  but  yavy  acoordinfr  to  the  soil  on  which  the  beets  have  grown ;  it  has  been 
observed  in  France  that  t)io  molasses  obtained  from  beets  grown  in  the  Departement 
du  Nord  are  les8  lich  in  p(>tassa  than  those  grown  in  the  D^partements  de  rOisoet 
de  la  iSumme.     The  average  composition  of  the  salin  is : — 
7  to  12  per  cent,  of  sulphate  of  potassa. 
18  to  20         ,,         of  carbonate  of  soda. 
17  to  22         ,,         of  chloride  of  potassium. 
30  to  35         „         of  carbonate  of  i)otas8a. 
The  complete  comi)osition  of  the  salin  may  bo  gathered  from   the  following 
tabulated  results : — 

a,  h,  c.  d. 

Water  ami  insoluble  matter..      ,.   26*22         19*82         I7*47         13*36 

Sulphate  of  potassa       12*95  9*^8  2*55  3*22 

Chloride  of  potassium 15*87         20*59         18*45         16*62 

Chloride  of  rubidium 0*13  0*15  ciS  021 

Carbonate  of  soda 25*52         19*66         19*22         16*54 

Carbonate  of  potassa 23*40        29*90        42*13         50*05 

lOO'OO    lOOOO    100*00    lOO'OO 

The  method  of  separating  the  soluble  salts  from  each  other,  invented  by  M.  Kuhl- 
mann,  is  generally  executed  as  follows : — The  saline  mass  is  first  broken  up  and 
granulated  by  th«'  aid  of  grooved  iron  rollers,  after  which  it  is  placed  in  lixiviation- 
tanks,  eacli  containing  26*4  cwts.,  and  arranged  precisely  in  the  same  manner  as 
those  in  us*.'  in  sjmLi  works.  The  liquor  tapped  from  the  tanks  has  a  sp.  gr.  of  12:9 
(=  27°  B.) ;  the  ii.soluble  residue  is  used  as  manure.  The  liquor  having  Injen  col- 
lected in  a  larp.'  res«-iToir,  capable  of  containing  some  210  hectolitres,  is  conceutrated 
by  waste  heat  {<ihfjiimjiijer  wiirme)  to  a  density  of  126  (=  30°  B.) ;  on  cooling,  the 
greater  part  of  th<^  >ulphato  of  potassa  crystallises,  and  is  removed,  care  being  taken 
to  wash  off  the  adhering  mother-liquor.  The  sulphate  thus  obtained  contains  80  per 
cent,  pure  j)otassic  sxilphate,  the  rest  being  carbonate  of  potassa  and  organic  matter: 
this  material  is  oonverttMl  into  potash  by  Leblanc^s  process.  The  liquor  at  30^  B.  ia 
next  poured  into  evaporating-pans,  each  capable  of  containing  90  hectolitres,  and 
concentrated  by  means  of  heat  and  a  steam  pressure  of  3  atmospheres  (=45  lbs.ti> 
the  squai-e  inch)  t(»  a  density'  of  42°  B.  (=  1*408).  By  this  operation  a  mixture  of 
cai'bonato  of  so<la  and  sulphate  of  potassa  is  separated,  which  frequently  exhilntt 
30  alkalimetrical  degrees  ,*  the  liquor  is  transferred  from  the  evaporating-pans  to 
crystallising  vessels,  in  which  it  is  cooled  down  to  not  less  than  30°.  K,  by  carelea* 
ness,  the  tempTaturo  should  fall  below  30^,  the  chloride  of  potassium  cr^'dtak 
become  mixed  with  a  layer  of  carbonate  of  soda.  The  liquor  at  a  temperature  d 
30^,  and  having  a  density  of  42*^  B.,  is  again  transferred  to  evaporating-pans,  each 
capable  of  containing  20  hectolitres,  and  evaporated 

In  winter  to  a  sp.  gr.  of  1*494  (—48'  B.),  and 

In  summer  to  a  sp.  gr.  of  1*51  (^  49*  B.) 
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:his  operation  sodic  carbonate  separates,  the  first  and  jmrer  portions  of  which 
82  alkalimetrical  degrees,  and  the  last  of  50''  only.  After  the  separation  of 
It,  the  remaining  liquor  is  poured  into  small  crystallising  vossctls,  each  capable 
Iding  2 1  hectolitres,  and  haying  been  left  standing  for  some  time,  yields  in 
reasel  about  130  kilos,  of  a  crystalline  salt,  mainly  composed  according  to  the 
la  (KaC03+Na,C03+  1211,0).  The  remaining  mother- liquor,  when  evapo- 
to  drjmess  and  calcined,  pelds  a  semi-refined  potash,  tinged  with  red  by  oxide 
1.  This  product  is  again  lixiviated  with  water,  and  the  liquor  haying  been 
itrated  to  1*51  to  i'525  sp.  gr.  (=  49*  to  50'  B.),  deposits  a  large  quantity  of 
ite  of  potassa  and  carbonate  of  soda.  The  mother-liquor  haying  been  again 
rated  and  calcined,  yields  a  potash  consisting  in  100  parts  of — 

Carbonate  of  }>ota8sa       91*5 

Carbonate  of  soda 5*5 

Chloride  of  potassium  and  sulphate  of  potassa  . .      . .       3*0 

lOO'O 

?  carl>onate  of  soda  possessing  a  strength  of  80  to  85  alkalimetrical  degrees  is 
d  by  being  washfd  with  a  XQvy  concentrated  aqueous  solution  of  sodic  carbonate, 
hu?  bi-ought  to  a  strength  of  fully  90  alkalimetrical  degrees.  . 
3  sulphate  of  potassa,  chloride  of  potassium,  and  the  double  salt  of  the  two 
nates,  are  purified  and  re-crj'stallised.  The  following  analyses  exhibit  the 
obition  of  refined  i>otash  obtained  from  beet-root  sugar  molasses : — 

a.  h,  c. 

Carbonate  of  potassa      8873  94'39  89-3 

Carbonate  of  soda 6*44  traces  5*6 

Sulphate  of  potassa 2*27  0*28  2*2 

Chloride  of  potassium I'oo  2*40  1*5 

Iodide  of  potassium        0*02  o'li  — 

Water        i'39  176  — 

Insoluble  substances       o'i2  —  — 

nd  h  are  from  Waghausel  in  Baden  ;  c  is  doubly  refined  French  potash:  The 
potash  from  beet-root  sugar  works,  a  product  not  to  be  confused  with  salin^ 
QlK)sed  as  follows : — 

a.  6.  c.  d,  e, 

'arbonate  of  jwtassa   . .     53-9  79*0  76*0  43-0  32*9 

'arbonate  of  soda        . .     23*1  I4'3  16*3  17*0  18*5 

'ulphate  of  potassa     ..       2*9  3*9  1*19  47  14*0 

'hloride  of  potassium . .     19-6  2*8  4-16  180  i6-o 

5  French  product ;  6,  from  Valenciennes ;  c,  from  Paris ;  d,  Belgian ;  e,  from 
.eburg,  Prussia. 

J.SSSi!'"  VI.  Potassa  salts  are  obtained  in  large  quantities  from  yarious 
eeds,  as  a  by-product  of  the  manufacture  of  bn)mino  and  icxline.  The  three 
-ing  methods  are  employed  for  this  purpose  : — 

rhe  old  calcination  method,  consisting  in  a  complete  reduction  of  the  weeds  to 
nd  the  methodical  lixiyiation  of  that  product,  so  as  to  obtain  yarious  salts  by 
dlisation. 

LTie  carbonisation,  or  Stanford's  method,  consisting  in  the  dry  distillation  of 
eods  to  convert  them  into  a  carbonaceous  mass,  afterwards  lixiviated,  while 

10 
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products  arc  simultaneously  obtained,  the  sale  of  which  considerably  leBsens  the  ccst 
of  the  preparation  of  the  potussa  salts. 

c.  A  third  mode  of  treatment,  that  of  Kemp  and  Wallace,  consisting  in  boiling  the 
weeds  with  water,  evaporating  the  solution,  and  carefully  incinerating  the  residue. 

The  oldest  method  is  still  the  most  generally  employed  in  France,  on  the  coasts 
of  Brittany  and  Lower  Normandy,  especially  in  the  neighbourhood  of  Brest  and    , 
Cherbourg,  and  in  Scotland  and  Ireland.  I 

The  i)rocess  is  mainly  conducted  as  follows : — ^After  drying  in  the  air,  the  plants  an  i 
incinerated,  the  result  of  which  is  the  formation  of  a  black  semi-fused  mass,  which  ■ 
in  France  is  termed  Varech  or  FVaie,  and  in  England  and  Scotland  is  known  as  hip,  * 
A  distinction  is  made  between  the  kelp  obtained  by  the  incineration  of  the  weeds,  i 
Fucus  serraius  and  Fuais  nodosus,  found  on  rocks  near  the  sea  coast,  and  the  kelp 
obtained  from  the  i)lant  botanically  known  as  Laminaria  digitatay  thrown  upon  the  j 
coast  (hiring  the  storms.  The  latter  is  richer  in  potassa  salts,  but  contains  much  ; 
less  iodine ;  it  is  found  plentifully  on  the  western  coast  of  Scotland  and  IreLind,  i 
while  on  the  eastern  coast  of  the  British  Isles  the  other  weed  is  the  chief  souroe  of  j 
kelp,  having  an  average  composition  of: — 

Insoluble  matters 57*000 

Sulphate  of  soda 10*203 

Chloride  of  potassium 13*476 

Chloride  of  sodium        i6*oi8 

Iodine       0600 

Other  salts      2703  j 

lOO'OOO 

The  best  kelp  met  with  in  commerce  is  that  from  the  island  of  Rathlin,  the  value 
at  Glasgow  amounting  to  £7  los.  to  £10  ids.  per  ton  of  22^  e^ls. ;  while  Galwaykelp 
is  valued  at  only  £2  or  £3  per  ton,  owing  to  the  large  quantity  of  salt  it  contain* 
22  tons  of  moist  sea-weed  yield : — 

!N[('dium  k<4p i  ton. 

Chloride  of  potassium 5  to  6  cwts. 

Siili)hato  of  i)otassa 3  cwts. 

The   Scotch  mode  of  treating  kelp  is  briefly  the  following : — The  material  i« 
first  broken  into  small  lumps,  and  put  in  large  iron  cauldrons,  hot  water  being 
added  to  exhaust  all  the  soluble  matter.     This  oi)eration  follows  the  method  d 
the  manufacture  of  soda  from  common  salt,  to  be  presently  considered.   The  water  is 
first  made  to  act  ui)()n  nearly  exhausted  kelp,  and  at  last  with  quite  fresh  kelp, 
until  a  licjiiid  is  ])roduced  marking  36"  to  40"*  Twaddle  =  i -18  to  i '20  sp.  gr.    The 
insoluble  residue   contains   chiefly  silica,  sand,   carbonate  of  lime,  carbonate  d 
magnesia,  its  Huli)hatos  and  phosphates,  and  particles  of  charcoal,  and  is  used  fcff 
bottlti-glass  manufacture.    The  liquor  from  the  kelp  is  evaporated  in  large  cast-inm 
senii-«^lol)ular  cauldrons  by  the  direct  action  of  a  coal  fire,  and  contains  chiefly 
chloride  of  potassium,  a  comj)aratively  small  quantity  of  chloride  of  sodium,  sulphate 
and  carbonate  of  potassa,  carbonate  of  soda,  some  iodide  of  potassium,  sulphuretot 
potassium,  and  dithionite  of  potassium  and  sodium.     The  mode  of  separating  these 
salts  from  each  other  is  based  upon  their  varying  solubility  in  water,  and  is  therefon 
conducted  by  }\lternate  evaporation  and  cooling;    As  thp  sulphate  of  potassa  is 
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ilbl«»,  it  falU  to  tho  bottom  of  the  cjiuldron  during  the  Ei-st  evttponition, 
lad  by  the  workmen  by  means  of  porforatod  ladles,  and  brought  into  tha 
i  plai^i   Buiph*iU.     ASi<s\v  tkis   salt    baa    boon   collected   the    liquid   id  run 
ers,  ID  wljick  the  ^tjator  bulk  of  tho  chloride  of  potassium  crytitallii^es  ;  the 
li«luor  from  tho.'^o  crj'stabj  is  again  transferred  to  tho  evaporator,  and  by 
mnmi  application  of  heat,  and  conaequ«at  ooncantratiou  of  the  lupiid,  the 
siilt  \A  a^parated.     It  should  be  borne  in  mind  that  common  salt  ia  sooroely 
labia  in  hot  than  in  C4>ld  wator,  whilo  tho  solubility  of  modt  oth^r  salts 
ly  incr^jaswl  by  a  higher  temperatiira ;    it  is  therefore  f>oa«ible  to  push 
^oTAlion  and  ooncentration  to  th^j  point  of  iucipi<^nt  precipitation  of  tho 
liuro,  the  ooinmon  salt  being  then  iidh^il  out  of  the  tiAiiUlrou, 
lid  again  run  into  tho  coolei^  in  ord«>r  to  obtain  anothor  de}xisit  gf 
N>tiaijium,  always  moro  or  lusa  uontaminutud  with  common  salt.     This 
^Tepoated  four  timea ;  the  first  crop  of  chloride  of  potassium  contains 
lo  90  per  cent,  of  thi.i  salt,  tho  remainder  is  chiefly  sulphate  of  |>otasaa  ;  the 
md  third  crop   yield  a  very  pure  suit,  96   to  98  p^r  wnt,  of  chlorido  of 
II ;  the  fourth  crop  contains  some  sulphate  of  scwla  mixed  w^ith  the  cMoridd 
ium.  The  Liquor  left  after  the  fourth  cry stalliJ^titm  having  a  sp,  gr.  =  i  33  to 
^  7^^*  Twad*»  and  containing  among  other  coinp<3unda  sulphate  of  soda^ 
Dd  hyposulphites  of  the  alkaliot^,  alkaline  carbonat^^  and  iodide  of 
t  not  submitted  to  furthei*  eTajwration,  but  having  been  poured  into 
tis  phlo(^d  in  the  open  air  is  mixed  with  dilute  sniphuric  acid,  sulphu- 
en  and  c;irbonic  acid  gases  being  lai-g^^ly  evolved,  while  in  conjiequBnce 
ipodtion  of  the  polysulphureta  and  hyi)ueulpkites,  a  thick  foam  of  pure 
i]i|>o«n  on  the  surface  of  the  liquid.     Thie  sulphur  is  ladled  olT,  and  after 
wm  washed  on  filters  and  dried,  is  sold*     .Almost  as  &oon  as  the  evolution  of 
^Bbere  is  added  to  the  liquid  more  sulphuric  acid  and  some  mangimeset 
BKure  treated  for  the  preparation  of  iodine  {qtiodride),  lu  order  to  guard 
I  of  raluable  substjuices  by  volatili^iation  din-in g  the  ci'ude  and  imperfect 
deration f  it  has  been  tiied  to  siuiply  carbon iso  the  weeds  (Stiuiford*s 
k  weeds  aro  lirat  dritnl  and  strongly  pressed  into  the  shape  of  peat 
iiitted  t<i  dry  tlii»tilhition  in  retorts  arranged  aimilurly  to  thoi*o 
products  of  the  dry  distillatioa  ooEtJcted  in  the  usual  manner 
►  parts  of  fresh  weed : — 

6S'5  to  jz's  parts  of  Ammoniacal  liquor, 
4*0     ,*  Tar, 

7'o  to  7*5     „  Carbonised  weed,  or  coke-weed, 

TO  to  2*5     ,,  Illuminating  gas. 

h^  contains  33  p*'r  cent,  carbon,  the  rer^ainder  consisting  of  alkaline  and 

I\z    tho  volatile  products  of   tho  distdlation   are  treated   for  paratHn, 
oetic  acid,  and  ainmoniacal   6*ilts,    ihe   gas    being  used  for  lighting 
pthough  Mr,  Stanford's  mode  of  treatment  is  undoubtedly  rational, 
pculties  in  its  practical  execution  which  have  prevented  its  adoption  in 
veil  as  in  France,    The  quantity  t>f  p<.»ti4i!ih  salta  obtained  from  sea- 
tho  year  1S65  Hmoanted»  at^coi'ding  to  M.  Joulin,  to  u  totsil  of  2,700,000 
which  the  United  Kingdom  produced  1,200,000  kilos.,  the  remainder 
>daced  by  France. 
jio  pToductioa  of  chloride  of  potassium  at  Staaafnrt  and  Kalucs  has 
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laUy  from  Australia  and  tho  Cape,  is  of  great  importance.  In  1868  thei^ 
ip<:>H*Ml  itito  the  United  Kingdom  from  those  countries  63  million  kilos,  of 
niii;sr  one -third  of  its  weight  of  suint,  from  which  hetwoen  7  and  iS  kiloa. 
could  have  h^m  obtained,  representing  a  mon<?y  value  of  abuut  £260,000, 
titjn  of  Purified  Potash- — -The  potash  formerly  obtained  by  tho  lixiviation 
-ash  wag  mainly  a  mixture  of  carbonate,  sulphate  of  potausa,  and  chloride 
Hsfiium,  the  ralue  of  each  of  these  salts  buitig"  of  course  very  different.  At  the 
Kt  time,  in  consequence  of  the  production  of  pure  carbonato  of  potassa  from 
1^,  it  ha»  b*^«njme  necessary  to  treat  the  crude  liquor  obtoini^d  by  tho 
liion  of  wood>aah  methodically^  ao  aa  to  obtain  tho  salts  separately  In  as  pure 
MS  possible. 

carbonate  of  iiotassa  used  in  chemical  an4  pharmacoulical  laboratories  was 
•ly  obtained  by  thf?  iguitioa  of  cream  of  tiular  or  a  mixture  of  that  salt  with 
w©ll  as  by  the  ignition  of  acetate  of  pota^isa ;  at  the  present  time  it  is  pr«- 
l>y  the  curoful  ig^nition  of  nitrate  of  potassa  with  an  excess  of  chmx'oalj  or  by 
Bition  of  bi-carbonate  of  pottussa.  In  England  carliouate  of  potassa  is  manu- 
fed  on  tho  large  scale,  the  i»ure  salt  txsing  used  in  the  manuhictuiHi  of  flint- 
iJiis  glass  owing  \U  great  superiority^  and  perfect  want  of  colour  to  the 
Bfcion  of  verj'  pure  materials  in  its  munufucture.  The  preparation  is  pure 
llisol  carlM>nnte  of  potiiasa,  containing  from  iG  to  iS  per  cent,  wat'^r,  i+rjual  to 
fhat  less  than  2  molecules,  the  second  molecule  being  partly  expelled  by  tho 
^plied  in  the  manufacture.  This  salt  is  myt  ^nth  in  the  trade  in  small 
CTystnls ;  tho  raw  material  used  in  it^  preparation  is  American  pearl-ash, 
,  ai\er  having  been  mixed  with  sawdust  for  the  purpose  of  converting  the 
!  alkali  and  sulphuret  of  potassium  into  carbonate  of  potassa,  is  ignited  and 
H  a  rt^verberatory  furnace,  conatnicted  like  those  used  in  the  manulaeture  of 
When  cold  the  fused  ma^  is  treated  with  water,  and  the  clear  H*juor  having 
ecanted  from  the  sediment,  is  evaporated  to  dryness  in  a  re vorberatoi-y  furnace; 
OyiaU'biack  mass  thus  obtained  is  again  lixiviated  with  water,  and  the  opera- 
Ipeated.  The  white  saline  mass  from  the  third  ignition  is  again  dissolved  ia 
and  gently  evaporated  until  the  sulphiite  of  jxjtassa  cryetalliees  out ;  the 
r-liquor  left  is  next  evaporated  until  a  eamplo  yields  on  cooling  a  salt  of  tho 
isition  mentioned  al>ove.  If  this  salt  is  further  ignited  all  the  water  ia 
Dd,  nJid  a  dr}'  white  granular  mass  loft.  The  speciHc  gravity  of  carbonate  of 
•oliitions  at  150  isi  according  to  Dr.  Gerkcb^ 

Percentage.  Sp.  gr. 

30"ooo  1*3010 

35*000  1*5580 

40'ooo  1-4180 

45000  1*4800 

50*000  I  "5440 

51*000  I '5570 

5rooo  1*5704 

52*024  i'57^ 

Pr«rparatian  of  Caustic  Potaasa.— Caustio  potossa,  hydroxide  of 
bm,  KHO.  consist*^  in  100  parts  of  83*97  ofpotassa  or  dry  oxide  of  potassium, 
^03  of  water.     Caustic  potassa  is  prepared  on  the  large  scale  in  England. 
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Tho  raw  material  for  this  preparation  is  always  a  crude  carbonate  of  potm 
obtained  from  chloride  of  potassium,  camallite  from  Stassftirt,  Tinasse,  or  m 
other  source.  Tho  crude  carbonate  is  lixiviated  with  water,  and  tho  liquor  rendered 
caustic  with  qui(;k-lime.  A  more  adyantageous  method  of  preparing  caustic 
potassa  is  to  mix  sulphate  of  potassa  with  limestone  and  small  coul,  in  sufficiently 
large  quantities,  and  to  ignite  this  mixture  in  a  furnace.  Tho  crude  material  is, 
after  cooling,  lixiviated  with  water  at  500,  yielding  at  once  raw  caustic  potassa 
liquor,  which  does  not  require  any  further  addition  of  lime.  The  liquor  is  put  into 
a  steam-boiler  and  evaporated  to  a  sp.  gr.  =  1*25 ;  it  is  next  evaporated  to  dryness 
in  open  pans,  the  foreign  salts  which  separate  being  removed.  Caustic  potassa  is 
employed  for  the  conversion  of  soda-saltpetre  into  potassa-saltpetre,  and  with 
caustic  soda  for  the  manuiiicture  of  oxalic  acid  from  sawdust.  The  following 
reactions,  yielding  caustic  potassa,  deserve  a  brief  notice : — i.  Decomposition  of  bqI- 
phate  of  potassa  by  means  of  caustic  baryta.  2.  Conversion  of  chloride  d 
potassium  into  silico-fluondo  of  potassium,  and  decomposition  of  that  salt  by  means 
of  caustic  lime.  3.  Ignition  of  potassic  nitrate  with  thin  sheet-copper.  The  fol- 
lowing table  exhibits  the  quantity  of  jwtassa  contained  in  solutions  of  that 
substance  of  varying  specific  gra^-ity  : — 


Sp.  gr. 

Degrees  Baum§. 

Percentage  of  potassa. 

106 

9 

47 

I'll 

15 

95 

I-I5 

19 

13-0 

rig 

24 

i6-2 

1*23 

28 

19-5 

1-28 

32 

23-4 

1*39 

41 

32-4 

1*52 

50 

42-9 

I -60 

53 

467 

1-68 

57 

51-3 

Salttetre,  Nitrate  of  Potassa. 
(KXO3  =  101*2.     In  IOC)  parts,  46*5  parts  jwtassa,  and  53*5  parts  nitric  fidVj 

Saltpetre.  Tliis  Salt  is  to  8omo  oxtcut  a  native  iis  well  as  a  chemical  prcKluct.  The 
well-known  flocciilent  substance  often  oWTviiblo  on  walls,  especially  those  rf 
stablijs,  is  comi)ost'd  in  a  great  measure  of  nitnitos ;  a  similar  phenomenon  is  seen 
in  subti-nanoan  excavations,  and  even  in  many  localities  the  surface  of  thi^  soil  is 
covered  with  an  eflflorescont  saline  deposit,  consisting  largely  of  nitrate  of  potaa». 
These  deposits  are.  most  common  in  Spain,  Hungary,  Eg}^>t,  Iliudostan,  ou  tbiS 
banks  of  the  Oiinges,  in  Ceylon,  and  in  some  parts  of  South  America,  as  atTacung* 
in  the  State  of  Ecuador ;  while  in  Chili  and  Peru  nitntte  of  soda,  so-called  (liili 
saltiK'tre,  is  found  in  vory  large  quantities  undtT  a  layer  of  clay,  the  deposit 
extending  over  a  tmct  of  land  souu^  150  miles  in  li^ngth. 

Occumriw ..f  Nntivr     Althoujrh  native  siiltjH'trr  is  inrt  with  under  a  ^Turicty  of  conditiunSi 
saitpttre.         ^\^^.y   ^\\   „JJrr^^^    jn  thi^  ]mrliriilar.  that  the  salt  is   formed   imdvr  the   ; 
influence  of  orfrunii'  matter.     As   alr«ady   stntcd,   the  salt    covers   the   soil,  fanaiiifr  W  . 
effloresoi'iue,  which  iiicrou^ie^  in  al)und:iiire.  and  which  if  romove<l  has  its  place  Hupplied  | 
in  a  short  time.     In  this  manner  siiltpetre,  or  iiitre  as  it  is  Hometime^  called,  is  oUaincd 
tvtmx  the  shmy  mud  deported  hy  tin-  inundations  of  the  Oangt's,  and  in  Spain  from  tl« 
lixix-iation  of  the  soil,  which  can  be  afterwards  devoted  to  the  raising  of  com,  or  amug4i 
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t*^tT-.^  ^«  J4  for  the  rc'piilar  prodnrtion  of  the  salt.     The  chief  and  main  oondition 
|(  of    sultfjc'trc,  whiclj  aui-ot^ds  oqnall j  in  open  fields  expjiftied  to  stning 
tJie  dhadc  ut   Uvet*  in  forests,  or  in  caverns,  Li  tho  preneiice  of  orgunlo 
I  \^A.,  ilumns,  inducing  the  nitre  formation  by  its  slow  combustion  ;    tho  uolhitemlj 
\nm  MjiP  drv  uir,  littlo  (ir  tio  rain»  and  the  prc.^nce   in  the   aoll   of  a  weathered  I 
'  '        .  the  potaaaA  of  which  favoura  the  formutiou  of  th^l 
localitiea  where  the  fonaution  of  nttre  tiikei^  filace  ( 
i.itMinga^  formwi  by  the  -wnwitheHnpf  of  trsehj-te  and 
par.     The  nitrio  acid  is  due  to  the  «low  combni^tion  of 
lit  in  the  humu^i,  it  haWng  becoi  provmi  that  the  nitric 
iti."jLtiitlj    lormud   m   tUe   air  in  eaonuou^ily  Itirg^  quiiutities    by    the  iw;tioa  of 
\tj  and  ozone,  ns  ovidt'iiood  by  tho  jftvostiirations  of  MM.  B*DU«singrault,  Millon, 
|hS«!       '           ^      'V    T'          p^   aiid  Mt  i             '  x  nothi^js'  whatever  to  do  with 
^P>|                                                jot  abo  >i  y  Dr.  UoppeUroder's  diacovury  ' 

Pfct'i.  -  ,.   ^  ,  _„. ,     I  nitrous  ul"i;1  .„  „. u  sidtpetrea, 

j^j*»n*f  Tho  tno<lo  of  obtiiiniug  saltpetre  i ix  tho  couii trios  whero  it  is  cattirally 
i  iA  yQvy  simpltv  ci^nskting  in  a  pru::e8s  of  lixi^'iation  with  water,  to  which 
itly  801110  p!>taNh  is  added  for  tho  purjjose  of  docoin posing  the  niti-ate  of  limo 
iwg  among  the  salts  of  the  soil,  tho  solution  beinju:  evMjKjrated  to  crj'stidlisation. 
lolduig  sultpotie  are  termed  Gay  earth  or  Gay  saltpetre.  The  process  by 
nitrate   of  potasi^a  is  naturally  formed  is  imitated   in  tbo  artificial  heaps 

•£altp43ti-^  pluntatioiis,  formerly  far  more  general  than  at  the  present 
living  been  found  that  the  importation  of  Indian  saltpetre,  and  the 
■e  of  nitrate  of  potasaa  by  conversion  from  nitrate  of  soda,  are  cheaper 
L  Thus,  saltpetre  bods  are  to  be  met  with  only  under  peculiar  conditions^  as, 
;ance,  in  Sweiien,  where  aU  landed  proprietors  are  required  to  pay  a  portioa 
riajL*^  in  ^:tlt7  etrc, 

> of  til  ■  pldntationjn  may  be  briefly  described  a^  follows: — Materials 

'    of  lime — for  instimcc,  murl,  old  budding  rubbish ,  aiihes,  road 
,  ui  raud  from  canals— Is  mixed  with  tiitrog«noaii  amnial  matter, 
t  fn?q»entiy  with  such  vcgretable  substances  as  naturally  contain 
-)!•  fi  ii^  the  leaTej*  and  stoniri  of  the  pijtato,  the  leaves  of   the  beet, 
nettles,  Jic.     These  iniiteriak  are   aiTaug-tHl  in  hejip-H  of  a  pyramided 
^f  J  T  .   >'   iii.'tn  s.  I  are  Ix'Uig  tiikt-n  to  make  the  tntttom  impervious  t-o 
\\  the  heap  being  in  all  directioua  expwjed  t«>  the 
diua  of  which  is  promotcid  through  the  heap  by 
ihu  Lx;Ap  i:5  prutvtted  from  rain  by  a  ro«>f,  and  at  lea^t  ouoe  a  Areet 
with  lant  { utale  urine).    Tlie  formation  <;if  sidtpctre  of  course  requires  a  eonaiderable 

'  *' ■•      '     '    .-1    -    » -»  -   1  ..     -...>.^ »i.  .  Tvorkmen  wuppr  i      -^  ripe^  the 

re  w>on  after  «  over  the 

Hi;   thi?)  layer  if*         ^  i,  and  the 

a   rejiealvd   irrrai    time    to  time  until  the  heap  beeome.s  defraynl  and  ha*  to  be 

iwrn^^^f^L     lo  Switzerland  isaltpetrc  is  artificially  made  by  many  of  the  farmers, 

"  urine  of  tlie  cattk*,   wliile   in   stable   in  the  wiiit*r  time,  to  bo 

ttfc^soil  purpoaely  pla^x^  under  the  Iooshj  tlm>riu«'  ot  tlie  stjiblo^ 

^^    .i.iilt  on  the  fJope   of  t}ie  mountains,  so  that  oTilv  ♦'       '  ■  *   •-  level 

Bde,  the  rf?»t  of  the  buLldiii^r  iKinirinff  *>ver  the  slopo,  ted 

kjKiles,    thuN  a  t<p?ice  is  obriiiuetl,  whit-h,  freely  adm  i tiled 

FotJicT  suitable  luatpriaJ,    After  two  or  three  years  this  mattiiuJ   ^  i»rJuovcd, 

mmU'T,  iitix«xi  \**tl(  mtnstic  lime  and  wood  ash,  and  boiled  dfnvn.    The  liquor 

I  d,  i»  decanted  from  the  sediment  and  It  ft  for  crystaUl- 

v;irytnjf  from  50  to  200  Ibfl.  for  cueh  »t.'»ble. 

ijir  *  moo  salt  from  the  heaps  is  converted  into  pota.ssIc  nitrate 

Bg  processes  :— a.  Tho  earth  is  lixiviated  with  water,  this  operation 

as  the  prex'arution  of  raw  lye.     h.  The  raw  lye  is  broken,  tljat  la  to 

iwl  with  a  solution  of  a  potash  salt  in  order  to  convi-rt  the  nitrates  of 

.  lime  preeeut  into  nitiute  of  potassa.     f<    Evaporation  of  this  liquor 

L  crystallised  saltpetre,     c/,  Eehniug  the  crude  saltpetre* 


IT   plant-S 
►  a  fi«"ig^ht  - 
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operation  having  progre»*sed  so  for,  and  the  liquid  being  rendered  quite  clear  J 
kept  at  a  temperaturo  of  88*  for  about  twelve  hours,  and  then  carefully  liidlcd  into 
copper  crj'staliiHing  vossels,  consrtj-ueted  ^-ith  the  bottom  a  little  higher  at  one  end 
than  at  the  other.     The  solution  woiild  yield  on  caolin^  large  crrstals  of  wilr|*Mlm 
but  this  is  purposely  prevented  by  keeping  tho  liquid  in  motion  by  means  <  ' 
an  as  to  produce  the  so-called  flonr  of  salt}wtr*3,  wbicb  is  really  the  salt  iti 
divided  state.    This  is  next  transferred  to  ^'ooden  boxes  t**i*mod  wii5h-v«iSK» 
long  by  4  feet  wide,  provided  with  a  double  bottom,  the  inner  one  being  p* 
between  the  two  bottoms  holes  are  bored  through  the  sides  of  the  vessel  and  \ 
not  required  pluggi^l  with  wooden  pegs*     Over  the  tlour  of  saltiietrts  contninai 
theao  wooden  troughs,  6o  lbs.  of  a  vorj'-  concentrattxl  s<dutic»n  of  pure  nit] 
potassa  are  i>oni"ud,  and  jilluwed  to  renmin  for  two  te  thi-ee  honrs.  the  plug$  1 
left  in  the  holes.     The  plugs  are  then  removed,  the  hquor  run  utf,  the  hoU'H  i 
plugged,  and  the  rtpf^iation  twice  repeated,  first  with  a  fresh  6<i  Ib^,,  and  ni^xtl 
24 lbs.  of  tlio  iwjlution  of  nitinte  of  potassa,  followed  in  each  cjlso  by  an  equnl « 
tity  of  cdid  water.     Thu  liqimrs  which  are  run  off  in  these  operations  are  uf  \ 
collected,  the  tirst  being  added  to  the  crude  saltpetre  solution »  while  the  Litt»?r,  \ 
solutions  of  nearly  pui-e  nitre,  are  again  employed.     The  saltpetre  is  niati « 
a  gen  til  >  heat  in  a  shallow  vessel,  sitleil,  and  paeked  in  easks. 
pnparaiionof  Nume       During  the  last  twenty  vc^iirs  the  preparation  of  nib 
caui  saapeirt',       potassa  from  thih-saltpotre  has  become  an  important  bn 
jnanufacturuig  industry.   The  product  obtained  by  any  of  the  following  ] 
called  **converted-salt]ioti'e/'  to  distingxiish  it  from  the  preceding  preparatioii<  J 
method  of  procedure  may  be  one  of  the  following  : — 

I.  The  nitrate  of  soda  is  decomposed  by  means  of  chloride  of  potassium— 

100  kilos,  of  sodie  nitrate  \   vield  i  ^^9*^  kflos.  ]>ofasi3a  nitrate. 

87'g  kilos,  of  p«JtJW3sinm  chloride  . I   ^         \   68*8  kilos,  com mun  salt. 

MM.  Longeliamp,  Anthon,  and  Kuhlmann  first  suggested  this  mride  of  pn 
tion,  which  is  now  generally  used  on  the  large  scale,  as  the  decomposition  of^ 
salts  is  verj*  complete,  and  as  the  common  salt  as  well  as  the  saltpetti^  can  be*  atj 
The  chloride  of  potiLBsinm  is  obtained  by  the  decomposition  of  carnallitOi  or  bya 
already  metitinned. 

E<|uivalent  r[uantities  of  nitrate  of  soda  and  of  chloride  of  pot^^ssinm  are  ilis 
in  water  contained  in  a  cauldron  of  some  4CMX)  litres  cubic  ciipaeit:\*.     As  the  i 
of  soda  of  commerce  (Chili -saltpetre)  does  not,  as  regards  purity,  vary  vcfji 
from  96  per  cent.,  some  7  cwts.  are  usuallj^  taken,  while  of  the  ciiloridoofi 
which  varies  in  purity  from  60  to  90  per  cent, ,  a  quantity  is  taken  corr 
regards  the  amount  of  pure  chloride,  to  th(*  (luanlity  of  nitrate  of  soda. 
ii{  jiotassiiun  is  fii'st  dissolvtHl ,  the  hot  solution  being  brought  to  a  sp.  gr,  ^  i  "x  to  I 
next  the  nitrate  of  stnla  is  aildtjd,  und  the  liquid  bitmght,  while  con- 
to  a  sp.  gr.:=i'5.     The  chluride  nf  :iodiuni  continuously  deposited  i-  11 

perforut»id  ladles,  and  placed  oiia  shaping  plank  so  that  the  moth^T-bquor  mayfl 
back  into  the  cauldron,  care  being  tuiken  to  wash  this  salt  nttcrwiotlft,  so  M  \ 
remove  all  nitrate  of  potasea*  the  washings  being  poured  back  into  tbft  mnlclpMU  | 
When  the  liquid  in  the  cauldron  has  been  brought  to  1'5  sp.  gr.— nn 
tion  of  nitrate  of  i>ntaissa  at  1 5',  with  a  sp.  gr.  =  1144.  contains  3 1  074  ^ 
feult  -the  fire  is  extinguished,  the  liquid  letlt  to  clear,  the  cnmtri' 
cjarrying  down  all  unpurities,  and  when  ck'nr  it  is  ladled  into  ci  \ 
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vkich  boing  T©Ty  shuUow,  tlio  crystallisation  ia  finished  in  twenty-faur  hours.  The 
tiiiOtber' liquor  hnving  l>e<^u  run  ofl',  tho  cryBtals  are  thoroughly  drained  and  covered 
Witii  wiiter,  which  id  left  in  contact  with  the  salt  for  some  seven  t<«  Might  hnut^,  and 
tlivfi  run  *>H':  this  oi)«ration  is  repeated  duiing  tho  nejtt  day:  the  in  other- liquor  and 
"  '   pouretl  ba<.'k  into  the  cauldron  at  a  subsf*quGnt  oj>**ration. 

*tf  soda  ia  hret  converted  into  chloride  of  sodium  by  rneiins  of  chloride 
cd  baiium,  uiti'atM  of  baryta  being  formod,  and  in  iU  turn  converted  into  nitrate  of 
(joUs&ii  hy  the  aid  of  sulphate  of  potas^ia : — 

tt,    85  kilos,  of  nitrate  of  i»oda          j  :  1  j    /  150*5  kilos,  nitrate  of  baryta, 

122  kiJos,  of  ehloridu  of  buHum  |  ^  '       *    58*3,  kilo8.  of  common  salt, 

ff.  150*5  kilos  of  nitrate  of  baryta  j  87*' 2  kilos,  of  potaeaic  sulphate, 

re«pnre  for  conversion  into  5  or 

nitrate  of  pota^sa                   )  6g*2  kilos,  of  potasaic  carbonate. 

Whrn  8ulphat€<  of  potoAsa  is  used»  ]>ermanent-white»  baryta-white,  or  sulphate  of 

■  1  •  » •  in  obt»iined  as  a  by-product,  while  if  carbonate  of  pota^sa  is  tised,  carbonate 

?4  remains,  and  of  oourse  may  be  readily  i^-con  verted  iuto  chloride  of  barium. 

i^i    !  I.r  to  estimate  the  advantage's  of  cither  process,  tho  following  points  mu^t  be 

Lr^   Ti  TT»w  : — a.  Taking  into  consideration  thnt  it  is  ])rofitabk»  to  convert  native 

•:  liaiytA  into  rhh>ride  of  barium— for  instance,  by  oxposinj?  witherite  to 

loric  arid  fumes  produced  in  alkali  works  by  the  dc-com position  of  salt — 

tad  to  precipitate  an  a<pieo\i8  solution  with  dilute  sulphuric  acid  to  obtain  pei-manent- 

r'  *     it  may  be  inferred  that  it  will  als-o  pay  to  obtain  it  as  a  by-product.     L  Not- 

iding  tlie  eonij>lication  of  this  process,  it  ia  advantageous  as  producing  a  far 

(111 ft  lutmto  of  iKita^a. 

I.  Xitmte  of  soda  is  converted  by  means  of  potash  into  the  nitrate  of  that  base, 
|>w^  aoiia  being  obtained  as  a  by-product : — 

85  kilo*i  Chili-saltpeti'e  )    vield    f  i<^**2  kilos,  of  potassic  nitrate. 

69*2  kiloa.  carbonate  of  potassa  j    ^  (  53  kUos.  of  soda  (ealcintHl), 

'   <  (f  manufacturing  saltpotre was  first  introdiided  into  Oennany  durin g  tho 

r  •'i'*54-55)  by  M.  Wolhier,  of  Cologne,  who  e«tablishcd  lui-^e  works  to 

in  this  wuy,  and  very  soon  after,  during  the  t'ontiuuanee  of  tho  war, 

rictorie^  of  potash'!»alt|H>tre  had  been  establi*?h»xl  on  this  method* 

i  1862  the  production  amounted  to  7,5oo.oooUis.  of  potash 'Siiltpet re,  the  carbonate 

|pota««tfi  rt'qiuix^  being  obtained  from  beot-root  molasses,  the  soda  resulting  aa  a 

(^^tfiwUirt  being  even  supctrior  to  that  produced  by  Loblanc's  proe<?s8. 

*'  of  Boda  being  decomposed  by  caustic  potassa  yields^potassic  nitrate  and 

J  to  M*  Lunge* 8  description,  this  process,  first  suggested  by  ^fM.  Land- 

r  tin  tele,  atterwards  modified  by  if*  8chnitzer,  and  practically  apj*liod  by 

rN'^tlner,  is  ^^arried  on  in  Lancasliire  in  the  following  manner:— Hiore  is  adfl«Hl  to 

|«Dis»ti^  pf»laii*h  lye  of  1  '5  ep.  gr.,  containing  alx>ut  50  per  cent,  of  di-y  caustic  potassa, 

I  nfjttivalent  quantity  of  nitrate  of  soda^  and  the  wholo»  after  a  short  time,  crystal- 

'    .to  of  potassa  having  been  separateil  from  the  mothei'-liqttor^  that 

.  t  of  which  has  been  greatly  decn^asf^d  by  the  reaction,  is  by  evapo- 

r  to  its  former  density,  and  yields  on  cooling  another  crop  of 

I  petre.    Usually  there  then  only  n^mains  a  solution  containing 

til*  «odH  with  saline  imi)itritie.'4 ;  sometimes,  however,  a  third  crop  of  ciyst^ds  is 

^t^}      Ttir  lb  p-iK^t  .luring  the  evaporation  ia  chiefly  carbonate  of  soda  derived 
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tram  tko  chloride  o£  sodium  contained  io  the  potaasium  ckloHdo  from  whhK  tfao 
caustic  potaBsa  h  umd",  this  chloride  beiDg  also  converted  into  carUoiiatf*^    Hia 
Bmall  quantities  of  undecomposed  chlorides  of  potassium  and  sodium  and  sulphate  of 
lime  are  retained  in  the  mother- liquor,  which  ia  eraporuted  to  dryness  nnd  iVmterf. 
yielding  a  dry  caustic  suda  of  a  bhitsh-colour.     The  crystallised  Ditrate  > 
is  now  carefully  refineil  U^  remove  all  impurities  to  about  o"i  per  cent,  of  *  i 
fiodium.  convertml  into  *^[^ltpetrc-flour,  and  treated  as  already  described.     Notwitii- 
Btanding  that  the  various  operations  have  been  carried  on  in  iron  Tessels,  the  adt 
does  not  contain  any  of  this  metal,  nor  is  the  colour  in  ojiy  waj'  affected.   Tlie  floor 
is  dried  in  a  room  2  metres  wide  by  5  metres  in  length,  built  of  brick- work,  siiniLdf 
to  the  tJiloride  of  lime  rooms,  and  having  a  i>ointed  arched  rotif  2  metree  in  hmitht 
The  saltfietre-fiour  is  spread  on  a  wooden  floor,  under  whicJi  extends  a  s<?ri 
air  pipes,  keeping  the  temperature  at  70*,  and  very  rapidly  effecting  the  < 

T«ttiQstho^it|ictra»        If.  when  perfectly  pure,  saltpetre  is  cai^fidly  fused,  and  diioTcd 
to  cool,  it  becomes  a  white  mass,  exhibiting  a  coarsely  radiated  fracture  ;  ^rtsn  0  ^ 
eanall  a  quantity  as  gljth  of  chloride  of  sodium  C4iuses  the  fracture  to  appear  somewltfll 
granular ;  with  ,'^th  the  centre  is  not  at  ail  radiated,  and  is  less  tmiiBpariutit;  isl 
with  ^th  the  radiation  19  only  slightly  perceptible  at  the  edges  of  the  frHctoi^ 
Nitrate  of  soda  has  the  same  effect.     This  method  of  testing  the  jfurity  of  nitro,' 
to  M,  Schwartz,  is  employed  in  Sweden,  where  everj^  landowner  pays  a  jm 
hiA  tELKQB  in  saltpetr©  of  a  speciiied  degrcje  of  purit3%    A  great  number  of  methods  of' 
tesiiBg  ^tpetr©  have  been  suggested  by  various  authors  for  the  pur|K>6€^  of  liit 
manufaetui'o  of  gunpowder,  not,  however,  in  sufficiently  general  use  to  inv^nt^  t^ 
reader.    Werther's  test  for  chlorine  and  sulphuric  acid  is  by  soludons  of  thi*  nitmtia 
of  btryta  and  silver ;  the  silver  eolution  is  such  that  each  division  of  the  Imittti 
corresponds  to  0*004  gT^'  o^  chlorine,  and  with  the  baryta  solution  f  > 
Bulphuric  at-id.    According  to  Beich's  plan,  0*5  grm,  of  diaed  and  puJ^ 
is  ignited  to  a  diill  red  heat,  with  from  4  to  6  times  its  weight  of  pul^ 
the  nitric  acid  is  expelled,  the  loss  of  weight  consequently  indicating 
the  sulphates  and  chlorides  not  being  decomposed  at  a  dull  red  heat.     If  th«  ImQ 
1=  <f,  we  have  1*874  «/  nitrate  of  potossa,  or  1^574  d  nitrate  of  soda, 

QuratitMiivo  GMittiattca     This  method,  due  to  Dr*  A.  Wagner,  is  bused  unon  th«  hd 

or  il>»N line  Avid  lu      ,  .  r^      ^  ^i  ^.      .       •     -  -  - 

Siiipeit*,         that  when  saltpetre,  or  any  other  nitrate,  is  1-  if, 

being  excludttd,  with  an  excess  of  oxide  of  chromium  and  curboL;i : 
acidoxi<iiscs  the  rhromic  oxide  according  to  the  formula  CraOj-f"^*-'!  — -2'  ^.^^^•^^►^ 
y6'4  parts,  by  weight,  of  oxide  of  chromium  are  oxidised  to  chromic  acid  by  54  lutftt 
of  nitric  acid,  or  of  i  of  chromic  oxide  by  07068  of  nitric  acid.  The  operutiua  li 
performed  by  taking  from  o'j  tb  0*4  grm.  of  the  nitrate,  mixing  it  intimattdy  wi4 
3  grms.  of  chromic  oxide  and  1  grm.  of  carbonate  of  soda,  introducing  this  nuilQll] 
into  a  hard  German  glass  combustion- tube,  one  end  of  which  is  drawn  oiit^  aad 
vulcanist4  india-rubber  tulie  attached  to  it,  which  is  made  to  dip  for  about  a  qi 
of  an  inch  into  water,  while  to  the  other  open  end,  by  means  of  a  cork  and  gl 
bent  at  right  angles,  an  upparatus  is  fitted  for  the  evolution  of  carbonic  acid 
which  is  made  to  pass  through  the  tube  before  igniting  it,  and  kept  pae^ng  throi 
all  the  time  until  the  tube  is  quite  cool  again  atV^r  ignition.  The  contents  of 
tube  are  placed  in  wanu  water,  and  after  filtration  the  chromic  acid  is  estiuuited 
Bose*8  method.  This  process  of  estimating  nitric  add  has  been  found  to  ^leld 
accurate  results. 
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Tliis  salt  is  omployed  for  many  purposes,  tho  most  iraportaiit 
i — I.  Tho  inanufitctur©  t>f  g^ufipowdon  a  Thoinanufin.'tiir»*of  Bulphuricund 
kctils*  5.  01as»-Tiiakmg^«  to  refine  the  metal  as  it  is  tcrmod.  4,  As  fixidimt 
IX  in  many  m».'talliirjLriciil  opomtions.  By  the  igmtion  of  i  port  of  nitro  aud 
pcil,  io  fiomo  casPH  refined  nrgol  (cream  of  tartar),  black  flttx  i.s  J'ornKKi  cousist- 
mi  intimato  mixtiu'e  of  carUjnMte  of  potassa  and  linoly  divided  charcoal,  The 
li  uf  eqiml  parts  t»f  saltpetrti  and  cftetLm  of  turtar  gives  white  Jtux,  consisting 
liisrturo  of  otirbonato  of  potasaa  and  undocomposod  saltpetre;  both  these 
l*«  are  often  used.  Black  fiujc  may  also  be  made  by  intimately  mixing 
Uilo  of  potassa  with  lamp-black  and  white  flux*  5.  When  mixtxi  Trith 
)n  ^«lt  and  «ome  su^r  in  the  sattinf^  and  curing  of  meat  6.  For  preparing 
J  and  detonating  powdeiT^.  Baum^'s  fluxing  powder  is  a  mixture  of  3  jiarta 
^L%  I  of  pulve-ris^'d  sulphur,  and  i  of  sawdu^st  from  resinous  wo<m1  ;  if  some 
I  fnixturo  Im?  pluc«^l  wifh  a  fanaW  €opj»er  or  silver  coin  in  a  nutshell  and 
[  the  rein  is  melteil  in  conavquence  of  the  formation  of  a  readily  fusible 
r  «uJphuret,  while  the  nutshtdl  is  not  injured.  Detonating:  powder  is  a  mix- 
3  piirta  siilti>etro,  2  t'arbonate  ^lotttAsa,  and  i  pulverised  su I  jjhur;  this  powder 
[»Ii**^tl  on  a  pie<?e  of  pheel-iron,  and  heated  over  a  lamp,  will  explode  with  a 
|»nrt.  jneMiuf^  a  Urge  volume  of  gus : — 
&altpt4i>?,  6KNO3,  J  ( Kitrogen,  6N. 

potassic  carbonate,  aK^COj,      J    ^^    '  Carbonic  acid,  2VO2* 
klphur.  58.  )  V  Sulphate  of  potassa,  5^^804* 

^  manure  in  agriculture,     8,  In  many  pharmaeeutical  preparations,    9,  Per 
t>aitition  of  neaton  steel. 

ir^i^      Tills  salt,  also  known  00  cubical  Baltpetro,  Chili-saltpetre,  m#toto 

^  'SaSOy  containing  in  100  parts  36*47  soda,  and  63 '53  partd  nitric  Hcid, 

I  native  in  tbe  district  of  Atacama  and  Tarapaca,  near  the  port  of  U<|uique, 

1^  in  layers  termed  caUcJie  or  terra  mlHrum,  o'j  to  i"o  metre  in  thickness,  and 

ag  over  more  than  15a  miles,  nearly  to  Copiapo,  in  the  north  of  Chili.     The 

chiefly  consists  of  the  pure,  dry,  hard  salt,  and  ia  cloae  to  the  suiface  of  the 

it  19  also  found  in  other  parts  of  Peru  mixed  with  sand,  in  some  places  close 

nrfiM^e  of  the  »oil,  in  othei"s  at  a  depth  of  2*6  metres,     Valparaiso  buing  tlie 

h  '  't  for  Peru,  Bolivia,  and  Chili,  both  guHHoe  and  deep  soil  salts 

^x  rado  of  that  importfint  iK>rt»     The  uiir«'lin«Hl  Ohili*saUpetre  is 

fcino,  brown  or  yollow,  and  w>mewhat  moist ;  but  the  salt  aont  to  the  Euro- 

■ll^ts  ifl  commonly  semi-refined  by  being  dissolved  in  water  and  evajKJrated 

^^p   The  cempo^tion  of  a  sample  iu  100  parts  is : — 

^^  Nitrate  of  sodtt 94^3 

Nitjnte  of  soda        0.31 

Chloride  of  Bixlium  , .  1,53 

Chloride  of  potassium  'J" 54 

Sulphate  of  Eoda      , o*gz 

Iodide  of  8oda .,      .,       o'ig 

Chloride  of  magnesium ,      , .       0*96 

Boric  acid ..      .,     ••     ,.    traces 

Water       •     , .     . .     « *     , ,       i  "96 
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Boiag  deliquescent  the  salt  is  not  employed  in  the  manufacture  of  gunpowdi 
but  may  be  used  for  blasting  powder.  It  is  largely  used  fur  tho  pn»|»artUioo  { 
sulphiiinc  and  nitric  acitis  ;  for  pui'ifyiag  cauBtic  soda  ;  fur  nmklng  cbJohtii*  in  1 
mauulacture  of  bleacliiiig  powders ;  for  the  preparation  of  arsoniate  of  erjdu ;  iat 
curing  of  moat;  glass-making  ;  in  the  propai-ation  of  red- lead  ;  in  Iwxpy  <inaiititi 
in  the  conversion  of  crude  pig-iron  into  eteol,  by  Hargroaves'**  and  l»y  Ileatt 
procesaea  ;  for  prepan ng  nitrate  of  potiisaa ;  and  for  the  preparation  of  orUfid 
manures  and  com|H»sts»  it  being  used  unmixod  as  a  manure  for  gniin  crops. 

It  may  bo  MiMii  irom  tho  analysis  of   nitrate  of  soda  quoted  alxjv*'  that  i 
salt  contains  a  small  viuantity  of  iodine,  which  at  Tarapaca  is  extracted  from  t 
mother-liquor  remaining  from  the  re-crystallisation     AcGordiug  to  M.  L*  j 
the  iiKline  amounts  to  0*59  grm.  in  i  kilo,  of  crude  nitrate ;  40  kUos.  of  ioiline  1 
prepared  per  day.     M.  Xolbier  thinks  that  the  formation  of  tho  nitre  dejxwiu  i 
Chili  and  other  parts  uf  So  nth  America  ,ha3  taken  place  under  the  inilucnci?  < 
maiino  plants  containing  iodine.     In   order  to  give  some  idea  of  the  large  1 
incrofwing  exportation  of  Chili-saltpetre,   wo  quote  from  the  publishe«l  sti 
that  in  1830,  18,700  cwts.^  and  in  1869,  2»965»ooo  cwts.,  were  shipped. 


ItoOiptf •  at  ManttCfecituiiiff 
Klulc  Add, 


NiTBic  Acid. 
This  acid  (XHO3)  is  generally  manufiictured  by  de<vimposia 
nitmie  of  soda  by  sulphuric  acid,  and  condenKing  tho  vaj)oru-s  set  free.  It  I 
obtiunod  on  the  largo  scale  by  placing  in  a  cast-iron  vl-ssi  I,  a.  Fig.  65,  the  nitxatoj 
be  opor.ited  npon»  to  which  is  added  by  me^us  of  a  funnel  stn>ng  stilpbtmct  sd 
The  lid  is  replaced,  and  tho  vessel  connected  by  meiLns  of  the  clay-Uned  tult«  | 
witt^the  glAB6  tabe>  0,  dipping  into  the  lar^  stoneware  flask,  P,  which  senes  t 

Fro.  65, 


>  of  a  rL!c*;ivor.     Thiis  tluhk  i^  c«niacft4jd  by  mtvaiii  uf  u  tub<%  u,  to  n  ^n 
^wsd,  i/t  and  that  to  a  third  ve^^l,  v'\  and  so  on,  in  onler  to  dtrnplftc^y 
™» Tapoma  which  might  have  eecaped  through  the  first,  second,  and  Utird 
*bo  iron  vessel »  x,  is  heated  by  meims  of  the  En;  placed  in  the  heart h,  F,  th«  i 

•ad  hot  gttsea  b«iug  carri^Hi  otf  by  o  H.    At  tho  outset  of  the  operation  the  < ^ 

^  »  so  regtiUt«?d  as  to  shut  off  tho  lower  channel,  and  cause  the  smoke  and 
•MM  t*>  pass  tlirough  B,  heating  th^  Teasels  D*  l/,  luad  D**,  this  preoaution  being 
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ired  to  prertent  their  cracktug  by  tiie  hot  a<nd  Tapoiire  entering  from  A,  Kb 
however,  aa  the  (listillation  hus  fairly  cominonced,  Uie  tlamptir  \%  nlU^red  to 
off  E,  and  pass  tho  hot  air  and  gases  through  o.  The  nitric;  acid  condensed  in 
it  Toceiver  i«  snllicientlT  strong  for  immediate  U3€»  hut  to  facihtate  the  con- 
ition  some  watyr  haa  Ini'ea  poured  through  tho  openings  6'  ft",  int6  tho  other 
f*iii*,  th<3  acitl  £rom  which  ia  weaker  and  known  in  the  trade  ii«  aqindbrtis, 
jry  firoquently  the  disUlhition  of  nitric  acid  in  4X>udii('t«d  in  a  series  of  glass 
jU  placetl  on  a  sand-bath  ;  there  are  generally  two  rows  of  retort^t  the  htjating 
itu8  Ijeing  a  gJ*lley  oven.  If  tlie  acid  is  to  bo  pun>,  the  first  eondent*ation« 
Bll«ct«d  in  si'pAnite  roceiverd,  as  the  acid  fir^t  condensed  contains  hydiuehlorie 
)uo  to  the  cliloridtis  contained  iu  the  nitrates  under  operation* 
t  proportion  of  materials  employed  is : — 

50  kilos,  of  Nitrate  of  potaasa  to  29  kiloa.  of  strong  sulphuric  acid ;  or, 
17       »,         Nitrate  of  8<.Kla       to  14*5     „         ,,  ,,  „ 

ehisulphato  rtf  tK^da  which  yemaius  may  either  be  used  for  the  preparation  of 
ig  Biilj»bnric  acid»  or  may  be  mixed  with  common  salt,  and  ignited,  to  pro- 
i»yiJnichlc»ric  acid  and  neutral  sulphate  of  soda,  available  in  the  prepamtion 
die  ear  bona  te. 

id  (NHO3)  rosiilting  from  the  above  operation  is  a  colourless,  trans- 
iving  a  sp.  gr.  of  1*55,  and  boiling  at  80**.  Wht^n  diluted  with  water 
diiig-pomt  is  higher.  An  acid  containing  100  part-s  (NHO3)  and  50  parta  of 
boils  at  i2g*'»  but  if  the  dilution  with  water  is  carried  further  the  boiling- point 
n  lowen^d :  consetjuently,  when  such  an  acid  ia  heat^^^d  above  u>o°  the  result 
at  first  water  with  only  a  trace  of  acid  distils  over,  and  if  the  pi*oc€^8s  bo  con- 
the  Ijoding- point  gradually  incitwijses  until  it  reaches  i  jo^,  when  there  diitila 
bat  is  termed  double  aquafortis,  sp.  gr.  ^1*35  to  i'45,  ordinary  or  single 
rtia  having  a  sp.  gr.  =z  I'lg  to  1*25.  Nitric  acid,  when  in  contact  with  air, 
fumes,  owing  to  the  abaorptiou  of  water  from  the  atmosphere. 

The  stronger  acid  manufactured  as  descrilied  is  tisually  of  a  yellow 

dne  to  the  preaeneo  of  hyponitric  acid.     If  a  colourless  acid  is  deaii'ed,  the 

arid  tnu*t  be  submitted  to  a  bleaching  oporatiou,  consisting  of  the  follow- 

'The  coloured  acid  is  poured  into  large  ghi^e  Tessels  placed  (Fig.  66)  tn  a  water* 

to  S0°  to  gcP^  and  left  in  those  vessels  as  long  as  any  coloured  vapours 


Fio.  66. 


l_i 


6ff.     The  ♦vscapiug  hyponitric  acid  is  carried  by  mejins  of  glass  or  glased 
i  tnlxd<M  citlier  into  a  sulphuric  acid  chamber  and  there  utilised,  or  into 
•  fif  u  cliimney.  and  thus  into  tho  air.     Any  hydroebloric  acid  present  in  the 
i  is  also  earned  oH  as  chlorine.     In  order  to  remove  any  sulphuric  actd  it 
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diasolyed  in  the  nitrio  acid,  any  exoess  of  that  gas  escaping.  From  the  experiments  on  fhis 
process  by  I)r.  Kulilmann,  who  used  clay  retorts,  it  appears  that  loo  ]>art8  of  nitnte  of 
soda  yield  from  125  to  126  jmrts  of  nitric  acid  at  35"  B.;  this  result  almost  agrees  wiA 
that  obtained  by  the  ordinary  process.  Dr.  Kuhlmann  also  instituted  experiments  with 
other  chloridos,  viz.,  those  of  calcium,  magnesium,  and  zinc,  the  result  being  the  fomuitiini 
of  nitric  acid  and  chloride  of  sodium  with  lime,  magnesia,  and  oxide  of  zinc. 

2.  Action  of  certain  Hulphates  ujKjn  alkaline  nitrates.  Dr.  Kuhlmann  has  proved  by  t 
series  of  experiments  that  the  sulphates,  including  only  those  hav-ing  no  add  propertKs, 
decompose  the  alkaline  nitrates.  Sulphate  of  manganese  decomposes  nitrate  of  soda,  the 
result  being  the  formation  of  products  similar  to  those  when  chloride  of  mangane«e  if 
employed ;  nimilar  reactions  take  place  when  sulphate  of  zinc,  sulphate  of  magneAa,  ud 
gypsum  are  uned  for  this  purpose. 

3.  From  nitrate  of  soda  and  carbon,  yielding  soda  and  nitrio  acid. 

4.  From  nitrate  of  soda  and  silica  or  alununa,  yielding  nitric  acid,  silicate  of  soda  and 
soda. 

5.  From  nitrate  of  baryta  and  sulphuric  acid,  without  distillation ;  the  nitric  add 
(=:  loP  to  11°  B.)  decanted  from  the  sulphate  of  baryta  (permanent  white)  can  be  oonoen- 
trated  by  boiling  to  25"  B. 

D«ndt7  of  Nitric  Acid.     According  to  Kolb,  the  specific  gravity  of  nitric  acid  bears  to  the 

quantity  of  concentrated  acid  contained  the  following  relation:-^ 


100  parts  contain 


Density. 


NH03. 

NA. 

at  00. 

at  150C. 

loo-oo 

8571 

I  "559 

1-530 

97-00 

83-14 

1-548 

1-520 

94-00 

80-57 

1-537 

1-509 

92*00 

78-85 

1-529 

1*503 

91-00 

78-00 

1*526 

1-499 

90*00 

77'i5 

1-522 

1-495 

85-00 

72-86 

1-503 

1-478 

80-00 

68-57 

1-484 

1-460 

75-0O 

64-28 

1-465 

1-442 

69*96 

6000 

1-444 

1-423 

65-07 

5577 

1-420 

1-400 

60-00 

5 1 '43 

1*393 

T-374 

100  parts  contain 


NHO3. 
55-00 

50-99 
45-00 
40-00 
33-86 
30-00 

2571 
23-00 

20-00 

1500 

11-41 

4-00 

2-00 


47-14 
43-70 

38-57 
34-28 
29-02 

2571 
22-04 
19-71 
17-14 
1285 

9-77 
3-42 
1-71 


Density. 

at  00    ati5*€. 
1-365        1-346 


1-341 
1-300 
1-267 
1-226 
1-200 
1-171 

1-153 
1-132 
1099 

1-075 
1-026 
I -013 


1-323 
1-284 
1-251 

I-2II 
I-185 
I-I57 
1-138 
I -120 
1-089 
1-067 
I*0S2 
I -010 


'  The  following  table  exhibits  comparatiTe  data  of  density  and  degrees  accoiding 
to  Baume : — 

100  parts  contain  at 
oo 


^'T^^Zf^^  i>-«*y 


100  parts  contain  tt 
15°  C. 


6 

7 

9 

10 

15 

20 

25 
30 

35 
40 

45 
46 

47 


NHO3. 

Na05. 

1*044 

6-7 

57 

1-052 

8-0 

6-9 

1*067 

10-2 

8-7 

1*075 

1 1-4 

9*8 

I-II6 

17-6 

15-1 

I-I6I 

24-a 

20-7 

I-2IO 

31-4 

26-9 

1*261 

39-1 

33-5 

1-321 

48*0 

4I-I 

1-384 

58-4 

500 

1-454 

72-a 

6i*9 

1-470 

76-1 

65-a 

1-485 

80-2 

68*7 

NH03. 
7-6 

9-0 
11-4 
12-7 
19-4 
26-3 
33-8 
41-5 
507 
61-7 
78-4 

87-1 


6-5 
77 
9-8 
10-9 
16-6 
22-5 
28-9 
35-6 
43-5 
52-9 
72'a 
7x1 
7V1 


NITRIC  ACID. 

47°  B. 

correspond  to  96°  Twaddle. 

46^,. 

,, 

920 

,» 

45°,, 

,, 

880 

•> 

43°,, 

,, 

840 

* 

42°,, 

„ 

8(y> 

,» 

38°,, 

„ 

70P 

» 

34°,, 

,, 

600 

>» 

ag°.. 

,, 

50^ 

»» 

25°,, 

„ 

40^ 

>* 

30°., 

,, 

30P 

»> 

14°,, 

,, 

200 

,* 

7°., 

„ 

I0» 

„ 

Nitric  acid  of  1*52  ep. 

,  gr.  boilfl  at  8G^ 

,, 

1-50 

ggp 

,, 

1*45 

II5» 

,, 

1-42 

123' 

», 

1-40 

iigp- 

„ 

1-35 

1 170 

„ 

1-30 

ii3» 

„ 

I -20 

io8» 

„ 

1*15 

I04» 

«3ritrte  Add.  When  in  the  preparation  of  nitric  acid  there  is  taken  for  i  mole- 
•  nitrate  of  potassa  i  molecule  of  sulphuric  acid,  there  is  obtained  by  distilla- 
reddish-yellow  fluid,  consisting  of  a  mixture  of  nitric  and  hyponitric  acids, 
L  as  red  fuming  nitric  acid.  "When  equal  molecules  of  nitrate  of  potassa  and 
iric  acid  are  taken,  only  one-half  of  the  quantity  of  nitric  acid  is  expelled, 
the  other  half  is  decomposed  into  hyponitric  acid  and  oxygen,  the  former 
ling  with  the  nitric  acid,  and  forming  the  fuming  nitric  acid.  When  in  the 
ation  of  nitric  acid  by  the  decomj)osition  of  the  potassium  or  sodium  nitrate, 
docules  of  sulphuric  acid  are  employed,  all  the  nitric  acid  in  these  salts  is 
ed,  and  there  remains  in  the  retort  bisulphate  of  either  base.  When  nitrate 
L  is  employed,  it  is,  owing  to  the  easier  decomposition  of  this  salt  by  sulphuric 
ot  necessary  to  use  exactly  2  molecules  of  sulphuric  acid ;  1*25  to  1*50  mole- 
>f  that  acid  have  been  found  to  bo  practically  sufficient.  100  parts  of  Chili- 
Te  yield  120  to  130  parts  of  nitric  acid  at  36*  B. 

red  faming  nitric  acid  is  now  generally  prepared  by  adding  to  the  ordinary 
itrated  nitric  acid  a  substance  which  effects  its  decomposition.  Sulphur 
en  employed  for  this  purpose,  but  starch  is  generally  used,  and,  according  to 

Brunner*s  recipe,  in  the  following  manner: — To  100  parts  of  saltpetre, 
ts  of  starch  are  added,  and  placed  in  a  capacious  retort,  into  which  is  poured 
rts  of  strong  sulphuric  acid,  sp.  gr.n:  i  '85.  The  distillation  usually  sets  in  with- 
e  aid  of  heat,  but  towards  the  end  of  the  operation  the  application  of  a  gentle 
I  required.  100  parts  of  nitrate  of  potassa  yield  by  this  method  about  60  parts 
ing  nitric  acid.  The  retort  in  this  operation  should  not  be  filled  to  more  than 
ird  of  its  capacity,  owing  to  the  very  strong  evolution  of  gas  which  takes  place. 
Nitric  Add.  The  technical  application  of  nitric  acid  is  based  on  its  property  of 
ion  when  in  contact  with  certain  substances,  the  acid  splitting  up  into  deut* 
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oxide  of  nitrogen,  hyponitric  acid,  and  ozone,  the  latter  forming  with  the  body 
which  caused  the  decomposition  of  the  acid  either  an  oxide  or  a  peculiar  comi)ound, 
while  the  hyponitric  acid,  when  organic  substances  are  present  capable  of  combiniog 
with  it,  forms  the  nitro-compounds,  nitrobenzole,  nitronapthalino,  nitroglycerine, 
nitromannite,  nitrocellulose,  or  gun-cotton,  &c.  A  large  number  of  metals  are 
soluble  in  moderately  concentrated  nitric  acid,  but  the  strongest  acid  fails  to 
a':t  upon  iron  and  lead.  Proteiue  compounds,  albumen,  the  skin  of  the  hands,  eilk, 
horn,  feathers,  &c.,  are  stained  yellow  by  nitric  acid,  hence  the  use  of  this  acid 
in  dyeing  silk.  If  the  acid  is  in  contact  with  these  substances  for  any  length  of  time, 
they  are  completely  decomposed,  and  i>artly  converted  into  picric  acid.  Starch, 
cellulose,  and  sugar  are  converted  by  the  action  of  nitric  acid  into  oxalic  acid; 
but  very  dilute  nitiic  acid  converts  starch  into  dextrine,  and  concentrated  add 
into  xyloidine.  Owing  to  the  property  nitric  acid  possesses  of  destrojnng  certain 
pigments — for  instance,  indigo — it  is  sometimes  employed  in  calico  printing  to  produce 
a  yellow  pattern  on  an  indigo  ground.  This  acid  is  also  used  in  dyeing  woollen 
materials;  in  hat-making,  to  prepare  a  mercurial  solution  used  in  dressing  felt  hatu; 
in  the  manufacture  of  sulphuric  acid;  in  the  preparation  of  lacquers;  in  the  prepa- 
ration of  nitrate  of  iron,  a  mordant  used  in  dyeing  silk  black;  for  preparing  picric 
acid  from  carbolic  acid,  and  naphthaline-yellow  from  naphthaline ;  in  the  manufacture 
of  nitrobenzol,  nitrotoluol,  and  phthalic  acid  ;  and  for  the  preparation  of  nitrate  of 
silver,  arsenic  acid,  fulminate  of  mercury,  nitroglycerine,  dynamite,  &c. 

Technology  of  the  Explosive  Compotjitds. 
a.  Giinpowdery  and  the  Chemistry  of  Fireworks,  or  PyroUchny, 

On  Gunpowder  in  General.  The  substanco  kuowu  as  gunpowdcr,  or  simply  as  powder,  a 
a  more  or  less  finely  gi*anulated  mechanical  mixture  of  saltpetre,  sulphur,  and  char- 
coal, the  quantities  of  these  materials  Ix'ing  properly  defined.  It  ignites  at  300', 
also  when  touched  with  a  red-hot  or  burning  body,  or  under  certain  conditions  by 
friction  or  a  sudden  blow.  Powder  under  these  conditions  bums  off  rapidly  but  not 
instantaneously,  yielding  as  the  products  of  its  combustion  nitrogen,  carbonic  add, 
or  carbonic  oxide,  while  there  remains  a  solid  substanco  consisting  of  a  mixture  of 
sulphate  and  carbonate  of  potassa.  When  the  powder  is  ignited  in  a  closed  vessel, 
the  sudden  evolution  of  the  largo  volume  of  gases  causes  a  pressure  impossible  to  be 
withstood;  and  even  in  guns  and  large  ordnance,  in  which  one  side  of  the  vessel  ia 
foi'm<Ml  by  the  yielding  shot,  the  metal  forming  the  other  sides  must  possess  great 
elasticity.  In  guns  and  artillery  the  ]>ressure  only  lasts  as  long  as  the  ball  is  inside 
the  gun,  therefore  the  slower  the  combustion  of  the  powder  through  its  entire  ma8?i 
the  lower  is  the  velocity-  of  the  projectile. 

Manufacture  of  Gunpowder.  It  is  cssoutial  that  the  materials  employed  in  the  manufacture 
of  pow<ler  should  be  very  pure;  the  saltpetre  should  not  contain  any  chlorides;  the 
sulphur  should  bo  free  from  sulj)hurous  acid,  hence  not  flowers  of  sulphur  but 
refined  roll  sul])hur  is  used  ;  and  lastly  the  charcoal  requires  very  great  attention. 
The  wood  from  which  it  is  intended  to  iu-eparc  a  charcoal  for  gunpowder  should  be 
such  as  jnelds  the  least  possible  quantity  of  ash,  while  the  charcoal  should  be  soft 
like  that  used  in  pharmacy.  The  stems  of  the  hemp  and  flax  plants,  especially  the 
former,  yield  excellent  charcoal,  but  in  consequence  of  the  limited  supply,  the  wood 
of  the  wild  plum  tree  {Prunus  padua)  is  largely  used  in  Germany,  Franco,  and 


E^tFLOSIVE  eOMFOUIfBS, 


m 


U^hrni ;  and  in  Eugland  the  lime,  billow,  poplar,  Lorso-cbestnut,  vine,  hassel, 
ptrry,  aider,  aiui  other  light  whit©  woods  aro  employed  for  this  purpose.  All  these 
An e tied  yield  on  being  carbonised — effected  in  various  ways,  in  retorta  similar  to 
mtmi  used  in  g;iJs-work&,  in  pits  dug  iii  the  earth,  by  the  aid  of  superheated  steam, 
ma  wood  being  placed  in  boilers,  dc^from  35  to  40  per  cent,  charcoal.  The  teni- 
■BtflU^  during  the  progress  of  carbonisation  being  kept  as  low  as  possible,  there  is 
PBb^  a  very  soft  reddish -broT^Ti  charcoal,  known  as  charhon  roiix.  The  charcoal 
bep«irod  in  cylindrically^shaped  retorts  is  very  inappropriately  designated  distilled  ■ 
IbiircoaL  '  ^ 

rf?£S?42KS!SJ.         The«6  operations  include  :— 
I    I.  The  pulverising  of  the  ingredients.     2-  The  intimate  mixing  of  these  sub* 
ptaaties.    3,  The  moistening  of  the  mixture,     4.  The  caking  or  pressing.     5,  The 

gntnalntiou  and  sorting  of  the  grain,  as  it  is  termed.     6.  SurfSusing  the  powder, 

7.  Drying.     8,  Sifting  from  the  dust. 

f^mitiBf  tteUifTMitt'ntt,    This  operation  can  be  performed  in  three  different  ways : — 
1  a.  By  means  of  revolving  drums, 

I  5»  By  mill-stones ;  or 

I  c  In  btumping-miils. 

V  #1  Thi&  polrt^rifiAtion  bv  means  of  revolving  dnims  is  an  invention  due  to  the  French 
I  rproJution,  and  han  the  mfvimtages  of  bomg  verj'  etFectiTe,  rapid  in  execution*  and  of  pre- 
I  i»Tatiii:r  tin-  flrirjir  rtl»oTit  of  the  inja^^ient^  in  a  fine  dust.  Ini^  dnnui»  ar«  iimde  of  wood, 
I  li«^^  iiul  providtxl  with  a  series  of  projccfionsv     Tlie  Hub^tanctf!  to  l>o 

I  fwlt'  !  ruTii  with  u  number  of  bronzL*  balls  of  abiiut  [  inch  diiiTiwter, 

'  Uiffir  ,  f  tin'  |>n  j'^ctions,  wh<?n  the  drum  ia  turned  on  it-*  horixoutal 

wi*fr  11   I  r  it.    -]-.!.     I.  J I     ri  rting  a  rcductiifn  to  a  tine  powder.     The  charcoal 

UiJ  »Tii;,i   ir    »:<    rvi  ]i,*Ti»t' ly  i viiiv.  usimI;  the  saltpetre  bt«ing  obt^iiucd  us  n  ^out,     (See 

i  <  r  _  I  V  the  aid  of  niill-stones.    Two  beavv  vertioal  stones,  similar  to  those  in 

I  Biv  f  linseed,  revolve  on  a  :ftxed  horisontal  stone.    This  eontrivanoe  is  the  most 

[  f.  >  T  loycd  only  in  small  powder-milk,    I'Vequc'Titly  10  to  12  stamps 

pud  *A  in  a  row,  each  stamp  being  fitted  with  a  bronie  bhoe,  tho 

ff^i^rr,         J  tjt^r  Hfrtjut  1  ewt*    Tlie  stamps  are  moved  by  macliincry,  and  make  from 

[4  ^  ;  ,T  I  ininntc*  The  materials  to  be  pidvvrised  art'  plut'«l  in  mortar-shaped 
I  tivitiL?  m  u  b-'lid  block  of  oak  wood,  pach  carity  containing  16  to  20  lbs.  In  Switzerland 
I  kunxDcrs  instcttd  of  the  stampers  are  employed. 

I  iiicuifft)»«  if^niieniM.  The  mixing  is  performed  by  the  aid  of  dmms  similar  in  size 
hud  Jihupe  to  those  used  in  the  pulveri&iktion,  but  made  of  stout  leather  instead  of 
K<i<Hi.  The  mixing  of  100  kilos,  of  the  ingredients,  aided  by  the  action  of  150  bronze 
IklU,  taken  fully  three  hours,  the  drum  making  ten  revolutions  a  minute.  It  is 
BttidJ  tu  moisten  the  materials  with  i  to  2  per  cent  of  water,  mipplied  by  Ene  jets 
bfulated  by  taps. 

I  lITion  stampers  and  null-work  are  employed,  the  sulphur  and  charcoal  are  first 
'•  [lulveriaed  by  1000  blows,  and  saltpetre  having  been  mixed  with  these 

|i^^  >-  in  the  proper  proportion,  tho  machinery  is  again  sot  in  motion,  and  at 

H|^ttt<(3r  every  2000  blows,  and  then  after  every  4000  blows,  the  contents  of  the 
HHp^holes  aro  removed  from  the  one  to  tho  other,  this  operation  being  repeated 
poie  liz  Off  eight  times.  Where  drums  are  used  for  tho  mixing  operation,  the 
■oifltittiiiir  takes  place  after  the  mixture  has  been  removed  to  a  wooden  tmngh, 
Bero  d  to  10  per  cent,  of  its  weight  of  water  is  added,  care  being  taken  to  stii<  with 
Munideii  spatula*  ■ 
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""^rfiSST*^  Thia  operation,  whicli  in  stamping-mills  is  the  last  of  a  continiiadQ 
series,  i^  separately  pertbrmed  where  other  machinery  is  employed.  In  the  Fr^ndl 
and  German  powdor-milla»  the  compression  is  effected  in  a  rolling-mill,  the  rollfldi 
having  a  diameter  of  o'6  metre.  The  lower  roller  is  made  of  wood,  the  upper  S 
bronze ;  between  the  two  an  endle«s  pleoo  of  stout  linen  is  an-ang^d,  and  upon  UaB 
the  moist  powder  is  placed.  The  cakes  are  i  to  2  oentims.  in  thicknees,  with  tjfl 
hardness  and  very  much  the  appearance  of  clay-glate.  V 

The  operotion  of  pt««Bin|r  i*  o^  groat  importance  ;  the  BtrcmgeT  thd  picawtrfr  the  giMli^^ 

the  quantity  of  active  material  prfM^nt  in  a  j^vcn  bulk,  and  hence  thf  krgx-f  the  volttMf 

af  («us  given  off  by  the  ignition  of    the  powder.     In  many  English  powder-milla  tja   j 

prestrtng-  Is  effected  bv  very  pc»werfnl  hydrnulic  mathines,  becaUM',  within  certain  Umiafl 

the  more  the  materials  are  pn^^stHl,  the  more  slowly  the  powder  barnd,  when  finiaba^^ 

while  the  temperature  of  ignition  being  lower,  the  expansion  of  the  gasea  ia  less.     If  tMH 

powder  were  finiahed  either  withont  having  undergone  any  prreasure  at  all,  or  mith  odr  |fl 

aU^ht  pn>aaure,  it  would  act  aa  a  detonating-powder,  the  deoompoaition  being  instttfl 

taneoiLB  throughout  itH  entire  majBB.  ^H 

owinifltian  of  ih>  ztAm.     'jjJjq  GonTerBion  of  the  cake  into  grannlea  is  effected —  S 

I*  By  means  of  sieves.  ^| 

2*  By  means  of  peculiarly- constructed  rollers,  Congrere's  method;  or      H 

3,  According  to  Champy's  method,  ^| 

The  granulation  of  gunpowder  by  the  aid  of  aieves  is  carried  on  in  the  foUovin|^| 
iaaoner  :— The  deves  conai^  of  a  circnlar  wooden  frame,  acroaf}  which  a  pie<:e  of  part^H 

ment  is  stretrhed  perforated  with  holes  ;  the  ftieveft  are  distin:"^  ^     ^    -*-      toJ||^B 

uflee,  and  by  the  size  of  tbesfi  holes ;  that  em  ployed  for  breakii  ^  ^^^H 

holes,  and  t)earing  a  name  dilfert^nt  from  the  iievea  nsecl  to  i  ^^^^1 

meve  again  being  diAtingiuHiud  from  that  employidd  for  acrrting  the  powder  int/i  4^1 
vanonaly  idzed  grain  a»  c^mmereialiy  known.  The  sieves  are  provided  with  a  tCNrAOi^| 
mtiuner,  a  lens-shaped  di«c  made  of  hard  wotkI,  gTUiiae,  box,  or  oak-wood,  motion  bciaJH 
imparted  to  the  sieves  by  hand  if  they  are  smiill,  or  by  suitably  arranged  machin^iyll 
th^  axe  large,  in  wMch  ca-so  Lefebvre's  granulating-machine  fitted  with  eight  sieves  ia  Mt^ 
aetagpnal  wooden  frame  is  generally  employed. 

Congrevo^s  granulating-machine  consiijtH  of  three  pairs  of  braai  rolleia,  0*6^  melrf  ia 
diameter,  pro^-ided  with  oiamond-ahancd  projeetionB  2  millimetres  high,  Uie  projtselkai 
of  the  upiKT  roUer^  being  ooaracr  tnan  those  of  the  otliors.  The  hroken^up  c^lcs  il  _ 
wmri »yefl  to  the  upp*  r  rollfrs  by  meana  of  iin  endle**  canvas  sheet.  The  mode  of  i^taM 
thiA  iBiheet  is  iK)mewbat  pr<:uliijir  and  ingenioas :  the  loose  bottom  of  a  square  bd^^^^l 
with  connsely-pounded  eako  is  made  to  rise  slowly  upwards,  and  di^hargo  the  e^^^^^l 
formly  upjn  the  sheet  thn>ugh  an  opening  in  the  «idc  of  the  box.  The  cake  whila^^^^H 
through  the  rentiers  12^  grii-niilnted,  and  then  showered  upon  two  seU  of  wire-gauze  i^^^^| 
wliich  a  to-aod-fro  motion  \^  impartetl.  Below  the^  sieves  again  l»  a  frame  oa^^^^^| 
win^-gau/e,  the  me.'die^  cd  whieh  are  too  »mall  to  adndt  of  the  patfjqig^  of  ordnancv^^^^H 
while  the*  dui«t  and  eartridge-powiler  rtatlily  fall  thrcmgh  npim  another  i^ire-gaiS^^^H 
meshe**  of  whieh  retain  the  ritle-powdor  but  let  the  dust  pass.  The  qtinntity  ^^^^| 
*  made  hy  the  Congreve  machine  is  very  small,  o  win  or  to  the  fact  that  the  rollcra^^^^| 
crush  but  break  the  cake.  Cliampy  ^  method,  by  which  a  very  round -grained  PQ^^^^I 
obtained,  15  performed  in  the  following  manner  : — Thn>u>ifh  the  hollow  axi^  of  u  w^^^| 
drum  u  ceipper  tube,  perforated  wrth  very  ^mall  hole:\  is  cArriod,  and  from  the>«' fSH^f 
writrr  spouts  in  a  fine  sprav  npon  the  broken-up  powder-eake  placed  in  the  druni^|^| 
whieh  a  comparativrly  rapid  motiou  iw  im|mrted.     Each  drop  of  \\.'      '  '      411^1 

of  a  gTTiin  of  powder,  whifih  In  ci»n?*tmitly  inerea>»ing  in  ^ixe  by  bt  i  ^^^^H 

miilHit  r>f  a  raiaas  of  damp  p4>wder-<^ke :  the  rr>tation  of  the  drum  i-  ^^^^^^l 

as  the  grain  has  attained  a  sufficient  idze.     The  powder  ihiL^i  obtained  i^  '■'^^^^t 

globuhir,  but  not  of  the  same  size;  the  sorting  is  effi'ete<I  by  means  at  i[««^^^| 

»ijti*d  praiioi  iM^inu;  returned  to  the  drum,  as  well  as  the  underniijed  jcrraiiiK,  whu.Ot  TieM^I 
the  nuclei  of  prop«jr-Mized  grain.  Actjordiug  to  the  Bemo  methfwl,  round-RrainvHl  pow^H 
b  preparefl  by  eaii!»ijij^'-  the  ani{iitar*shape<l  jHJwdtir  to  be  rotated  in  etout  linen -bag»;  m^ 
by  this  plan  mueh  dust  h  fonbcd» 

cif»nSii*iirfwd*r  "1'^"  t^i"i  *>f  this  operation  is  to  impart  symmetry  to  the  groin,  aoi 
to  separuto  all  the  dust.  It  is  performed  in  rlnims  similar  to  those  doi?cribed  above i 
5  owta.  of  the  powder  is  poliabed  at  a  time,  the  drums  rotating  slowly  for  a  few  bouifl 


BXFLOSIVE  COMFOUXDS. 


»S« 


ome  coxmtnM  tbe  polisihlni^  19  eifectM  by  pUcing  tho  powder  in  Aaftka  internally 
ed  with  qu&iinL&^lttr  n>da.  In  HoUimd,  Dr,  WagTifr  states  that  some  b]at:k*Ioud 
jd  to  the  powder  dtiriti^  thia  operation  to  pit? vent  ij^niition,  but  tliis  In  not  frenerally 

HighlT-poUnhed  powder  does  not  reodilj  nt tract  moisture,  and  u  to  be  preferred  in 

damp  oliinate, 

r«h>  rtimMit,  It  ia  clear  that  this  operation  requires  very  great  caro  in  more 
one  respect.  In  stnall  powder* works  tii«  powder  is  somo times  dried  by 
or©  to  tho  heat  of  the  mm,  beinj?  spread  out  on  canvas  sheets  etretchod  in 
n  frames  ;  or  th«>  drying-room  ia  heated  by  a  stove.  In  large  powder-mills 
methctda  of  drying  tho  powder  are  general, 

quali^  of  the  powder  vt^ry  much  depends  on  the  care  bestowed  upon  the  dnringr* 
npid  diying  entaili»the  foIlDwing-  disftdvantages  : — «-  The  powder  may  be  very  wet 
ot  poliidiod  ;  coarse  ordnance  and  ordbiary  rnilitarr  powder  is  never  pQli*hed,  and 
blaclce&a  the  bandit ;  while,  although  the  wati^r  i»  driven  off,  the  nitre  ia  cjirried  to 
rface  of  the  jE^rain,  whit'h  thereby  cakoe  toprethor.  A,  By  the  too  rapid  eraporationof 
iter,  channul.H  and  craeks  are  made  in  the  frraln,  impairing:  itj»  denwty,,  increasing 
Ik,  and  rendering  it  more  hygToaoopio.  e.  Lastly,,  rapid  dryiup  entails  a  large 
It  of  dust.  Ft)r  thei*e  reasons  gunpowder,  Ix^fore  bnnw  placed  in  the  drying-roomn, 
osed  for  mm*^  tunc  to  a  gentle  heat  in  a  well- ventilated  rfiom,  the  heat  from  a  waflte 
-pipe  being  sufficient, 

'        Haviogr  been  dried,  the  powder  is  sometimes  glanced,  as  it  is 

d;  thflt  i«  tft  Bay,  again  polished  in  the  manner  above  described ;  but  generally 

K'ond  polishing  is  dispensed  with,  and  the  dry  powder  cleansed  frnm  tho  dust 

I  adheres  to  it,  by  being  placed  in  bag*,  made  of  n  peculiar  kind  of  woollen 

t,  and  arrangi-'d  in  frame-work  to  which  a   to-and-fro  motion  is   given   by 

inery.  the  fimt  dust  passing  between  the  threads  of  the  fabric  iiit^o  a  l>ox.     The 

bus  ocea«[ionod  amounts  on  an  aversgo  to  0*143  P®*"  c^jut.,  the  dust  coaaiuting 

f  c«f  charcoal* 

%im ut onmptwAer.      Oood  powder  10  Fecognised  by  the  following  properties: — 

colour  should  be  slate-black ;  when  blue-black  it  indicat^^s  that  the  powder 

ins  too  much  charcoal,  while  a  deep  black  colour  shows  the  powder  to  be  damp. 

?  charcoal  employed  wiui^  the  io-callcd  churlton  nmr^  the  colour  of  the  powder 

Kbrti^Ti -black,     2.  It  should  not  be  too  much  poli>ihed  so  as  to  shine  like 
[  bhick-leod.   Small  shining  specks  indicate  that  the  saltpetre  has  cr^^stiil- 
ie  surface.     3.  The  grains  *ihould  be  uniform  in  size,  unless,  of  course* 
[flBTontly-siay^d  powilen*  have  been  mixed.  4,  *rhe  grain  should  crack  uniformly 
ly  promised,  should  withstand  pressure  between  the  fingers,  and  should 
y  crushed  U>  powder  when  pressed  Ijetweoa  the  hands,     5.  When  pul- 
mass  should  feel  »oO;  hard  sharp  specks  show  that  the  sulphur  has  not 
pulverised.     6,  Powder  should  not  blacken  the  back  of  tho  hands  or  a 
ita  paper  when  geutlj^  rubbcKl,    If  it  dfios  *o,  there  is  either  poTJcder-dust 
moisture.     7*  When  a  small  heap  of  j>o wrier  is  ignited  on  paper  th© 
should  Vie  rapid^  completely  oousurning  the  powder,  and  not  i<ettin^  firo 
r.  If  blat  k  speaks  renmin,  tho  powder  either  contains  too  much  charcoal, 
iiciition  that  that  substance  has  been  badly  incorj>oratod  with  tho  rest 
rials.     Yellow  streaks  left  after  the  ignition  shrjw  the  s^iine  defects  fot 
If  no  grains  of  powder  remain,  it  is  a  proof  that  the  powder  was  not 
;  when  any  remaining'  grains  of  powder  cannot  bo  separately  ignited,  tho 
1  was  impure.    If  the  powder  on  being  ignited  sets  fire  to  tho  paper,  it 
it  is  oitiier  damp  or  of  very  inferior  quality. 


IS2  CBSMICAL  TECSKOLOGT. 

The  fact  that  different  kiuds  of  powder,  although  of  the  same  weight  to  the  cuHe 
foot,  do  not  have  the  same  specific  gravity,  is  shown  by  the  following  table  :— 

I  cubic  foot 
in  pounds  weight.        Sp.  gr 

Kcisse*8  oidnance  powder 60  177 

„  M  „        (new  mill)      ..     ..     60  1-67 

Berlin  ordnance  powder     ..      60  1*63 

Rusaian  ordnance  powder 60A  i'56 

Berne  ordnance  powder  (No.  6)        591  1-67 

Berlin  rifle  powder  (new  mill) .60  i '63 

Berne  rifle  powder  (So,  4) 6o|  1*67 

Hounslow  rifle  powder       59  1*72 

Berlin  sportinjf  powder  (old  mill) 62  1*77 

Le  Bouchet' 8  sporting  powder 59  J  1*87 

Very  coarse-grained  ordinary  Dutch  powder. .     60^^^  1*87 

Very  coarse-grained  ordinary  Austrian  powder    64i  1*72 

Gkinpowdor  can  absorb  more  than  14  per  cent,  of  moisture  from  the  air ;  if  the 
quantity  of  water  thus  taken  up  is  not  above  5  per  cent.,  the  powder,  on  being  gently 
dried,  reassumos  its  fonnor  activity ;  but  if  the  quantity  of  water  absorbed  exceedi 
that  amount,  tho  gunpowder  will  not  burn  off  rapidly,  and  when  dried  the  single 
grains  become  covered  with  an  efflorescence  of  saltpetre,  of  course  impairing  tiie 
composition  and  active  qualities  of  the  powder.  Even  what  is  termed  dry  powder 
contains  at  least  2  per  cent,  of  hygroscopic  moisture.  Powder  can  be  exploded  by  a 
heavy  blow  as  well  as  by  an  increase  of  temperature,  and  as  regards  its  explosion 
by  a  blow,  verj'  much  depends  upon  the  material  upon  which  it  is  placed  and  with 
which  the  blow  is  imparted.  The  following  list  exhibits  in  decreasing  order  the 
materials  between  which  a  blow-  most  readily  ignites  powder : — Iron  and  iron,  iron 
and  brass,  brass  and  brass,  lead  and  lead,  lead  and  wood,  copper  and  copper,  copper 
and  bronze.  For  this  reason  gunpowder  magazines  are  provided  with  doors  turning 
upon  bronze  and  copper  hinges,  the  locks  also  being  of  copper.  When  dry  powder 
is  rapidly  heated  to  above  300''  it  explodes.  Even  if  only  a  very  small  portion  of  the 
powder  is  thus  rapidly  elevated  in  temperature,  the  entire  quantity,  bo  it  large  or 
small,  is  exploded ;  hence,  a  very  small  quantity  touched  by  a  red-hot  or  bummg 
body  is  suffiL-iont  to  effect  an  explosion.  It  is  generally  held  that  the  charcoal  \a 
first  ignited,  and  that  it  spreads  the  ignition  to  the  other  materials.  Although 
Mr.  Hoarder  fcund  by  exi)eriment  that  powder  does  not  ignite  when  touched  with 
a  red-hot  platinum  wire  while  under  the  receiver  of  an  air-pump,  Professors  v. 
Bchrotter  and  Abel  proved  that  gunpowder  so  placed  ignited  rapidly  when  heated 
by  a  spirit-lamp. 

OoMpodUoA  of  ounpowt!er.     Gunpowder  consists  very  nearly  of  2  molecules  of  saltpetie,  i  mole- 
enle  of  sulphur,  and  3  of  charcoaL    Accordingly  loo  parts  of  powder  contain — 

Saltpetre 74*84 

Sulphur      1 1  "84 

Clianxial  (No.  I.)      13*32 

The  above  figruroM  approximately  express  the  composition  of  tiio  best  kinds  of  sporting 
and  nfle-powder.  Onliuary  powders,  such  as  blaJ«ting-powder,  consist  of  nearly  equi 
molecules  of  nitrate  of  i)ota.'*sa  aud  sulphur,  with  6  molecules  of  charooaL  Aocordimrlv 
100  narta  contRin —  o  i 


too  parts  contain — 


Saltpetre 66*03 

Sulphur lO'45 

Charcoal  (No.  XL) aj'Sa 


Charcoal  consisting  of 


SXTL08IVE  COMPOUNDS  .153 

0^  ,r  ^ig         Dts.  Bunaen  and  Schischkoff  found  the  composition  of  a  sporting  and 
biB  of  Powder,  rifle-powder  to  Lc,  in  100  parts,  as  follows : — 

Saltpetre     7899 

Sulphur       9*84 

'  Carbon 7-69 

.  J  Hydrogen 0*41 

Oxygen       307 

\Aah      traces 

residue  of  this  powder  after  combustion  was  found  to  consist  of — 

Sulpnate  of  potassa      56*62 

Carbonate  of  potassa 27*02 

Hyposulphite  of  potassa     7*57 

Sulphuret  of  potassium       1*06 

Hydrated  oxide  of  potassa  (caustic  potassa)    . .       1*26 
Sulphocyanido  of  potassium       . .     ....     . .       0*86 

Saltpetre 5*19 

Carbon 0*97 

Carbonate  of  ammonia ). 

Sulphur jtraces 

100*55 
ipears  from  this  analysis  that  the  residue  left  after  ignition  of  the  gunpowder 
i  essentially  of  sulphate  and  carbonate  of  ^tassa,  and  not,  as  has  been  formerly 
of  sulphuret  of  potassium.    The  composition  of  the  smoke  of  the  powder  was 
ned  to  be — 

Sulphate  of  potassa      65*29 

Carbonate  of  potassa 23*48 

Hyposulphite  of  potassa      . .     . .       4*90 

Sidphuret  of  potassium       ....  — 

Caustic  potassa      1*33 

Sulphocyanido  of  potassium       . .       0*55 

Saltpetre 3*48 

Carbon  (charcoal) 1*86 

Sesquicarbonate  of  ammonia      ..       O'li 

Sulphur — 

lOO'OO  • 

these  figures  it  is  clear  that  the  smoke  of  gunpowder  consists  essentially  of  the 
bstunces  as  the  residue  from  the  combustion,  the  only  diflference  being  that  the 
and  nitrate  of  potassa  of  the  powder  have  been  more  completely  converted  into 
!  of  potassia,  while  instead  of  the  sulphuret  of  potassium,  carbonate  of  ammonia 
ts  appearance.  100  parts  by  volume  of  the  gaseous  products  of  the  combustion 
md  to  consist  of — 

Carbonic  acid 52*67 

Nitrogen 41*12 

Oxide  of  carbon 3*88 

Hydrogen        1*21 

Sulphuretted  hydrogen        . .      . .       060 

Oxygen 0*52 

Protoxide  of  nitrogen — 

loooo 
)lid  residues  of  combustion  formed  during  the  generation  of  the  gases  were  found 

Sulphate  of  potassa      62*10 

Carbonate  of  potassa '^'5^ 

Hyposulphite  of  potassa     . .      . .  4-80 

Sulphuret  of  potassium       ..      ..  3*13 

Sulphocyanido  of  potassium       . .  0*45 

Nitrate  of  potassa 5*47 

Charcoal 1*07 

Sulphur o*20 

Sesquicarbonate  of  ammonia      . .  4*20 

100-00 


m 
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The  dccompoBition  of  powder  bj  its  ignitioii  may  be  represented  by  the 
fonuulfG : — 

fKsa 


I  Saltpetre       0789*1 
Sulpkur        0*098  i 
(00*076) 
Charoool  \  Ho*oo4  \ 
IO0030J 


yields  after 

combustion  [ 


Reeidiie, 
0680 


Gtuies 

0314 

0994 


/ 


CO 
H 


014 
01031 

otaq 

0X3 

o-oji 
ot 
o^l!l 
ot 

0*0990=    794 

0'20tO  =^   lOt'TtJ 

0-0090  ^     y\ 

0"0002  ^      2*3 

0*0018  ^     11 
00014  ^     '■* 


Orm. 


Aoeonling-  to  tbe  recent  rcaeancbea  of  Mr,  Craig,  ftnd  later  invefvtifiratioii* 
(1869),  the  pmlucta  uf  tlio  combustion  of  powder  vary  acoorditig-   to   ib* 
mibstiiuci?  is  s^bjeetetl  to  whilf  l>eiiig  ignited-     There  ha.**  not  Iiitherto  bi»en  fuimd  1 
really  effijctivo  ftuJiMtitute  for  gunpowder;  fulmiimtea  ajid  nuxtures  containing  cL* 
of  pi>r^t,Ha»  ignit*?  too  quiekly  and  cjiui*e  tlip  bursting  of  the  gnin,  whilo  giux-cottoti 
among-  its  products  of  ignition  wnl<^r  iind  nitroiia  acid,  which  act  destruotively  < 
metal,  und  fU**o  interfere  with  exjintijiued  firing. 
Now  kiniu  Of  WMMtiiif         Undtr  the  natae  of  pyroneno  there  is  sold  a  new  kind  of  1 

How  (tor.  powder*   consiitting"   of  nitrate  of  soda   525   part*,  sulphur  30i  I 

ppent  tan  27*5  partj*.     It  itj,  of  t-oursc,  far  cheaper  than  ordinary  powder,  but  pn 
not  veiy  iiseml  nor  active.     Captain  Wynnndb^,  of  Belgium,  hn*  »uccc8afuljy  mtx 
a  substance,  to  which  he  has  (driven  the  name  sajtifragine,  con«i3ting  of  nitrate  el  I 
76,  cbarooid  22,  and  nitnito  of  pjtiissa  2  paita.    Schnlt/e^s  (1S64)  wood-gniipowdor  < 
of  granidatcd   wood   treated  with  a  mixture  of  nitrie   and   snlphurtf  ^       --^ 

impre|fjijit*:d  with  a  tvoliition  of   nitrate  of  potoBsa ;    this  matcriiil   i 
Edgoworth  Lodge,  llants,     M.   Biindi«seh  has  invented  a  prtx-e^a  by 
fininpowder  may  be  compre«aod  intu  a  s<ilid  Bubstanee  exeiiinjEf  grojit  puwcr.  *n»i  1 
from  danirer  by  tran^porL     Lithofnicteur,  a  white  bhiHting'-ix«wder  mi?d  in 
is  a  substauee  similar  to  gun'Ootton.     The  haloiylin  of  MM.  Neumeyer  and  Fd 
ft  mixture  of  chareool,  nitre,  uod  yeOow  pruHi+iate  of  potuftwi,     Callou  >*  bla»f 
is  a  mixture  of  chlornte  of  p>taj*eti  and  orjjiment.     Kitrokum  ig,  in  fact,  7^  +  --^^ 
which,  witli  dynamite  and  dualiu,  will  be  ispuken  of  pres4.*ntly.     Piemt*?  of  | 
in  France  and  in  Entrhiud  for  filling  shidlH  intended  for  the  defltruction  of  :i 
lups,  and  for  the  iiianiifaeture  of  picrate  gunpowder, 

rthet^innifrth        In  order  to  detenu ine  tlie  strength  or  projectile  foroo  of  gun^ 
DaDpiiwdir     ft|if[  Tiv^iuuh  for  equality  of  conijKj-iUon  is  dei^endtnt  on  the  mee* 
■tment  the  powder  has  uudorgciue,  the  following  apparatuai  are  used  : — TcMit  1 
•^  miiehine,  lever  tewtiug  luacliine,  ballihtic  piuduluniT  and  rhroucMccfpe, 
oontrivance'iia  a  piece  of  heav\'  ordnance,  charged  with  92  grmi*.  of  po« 
\  <  ighing  29-4  kiloH.,  the  mortar  being  placed  at  an  angle  of  45*.     Tlie  bortl 
I  mortar  i*«  191  mUlemetreH  in  diameter  by  239  in  depth.    Powder  of  good  < 
*^1  the  ball  n  diMtunee  of  225  metrcH,  and  fretpiently  the  ball  i«  carricxi 

s.     The  rod  gunpowder  testing  apparatus  consistH  of  a  ni' tru  mm 
ijt'h,  when  ehargttd  with  22  to  25  gnus,  of  powder^  lift* a  weight  of  sl 
.ween  tfKjthed rods ;  by  tbe  height  this  weight  in  raiaed,  «pring»  a1 
1 1  loAtesiing  in  tha  nobcbeti  of  the  rods  and  holding  it,  tlie  quality  uf  the 

'  ir  1S49  M,  A ngendro  brought  out  a  new  kind  of  gunju^ 

"^i  Oemum  white  and  Amerieau  wldte  gunpowder,  luM  1 

T^der  ^'ouf-iftts  f»f  yellow  pruafliate  of  t    *  Idqn 

iiiateriaLst  hn\-ing  been  thoroughly  n  dry  I 

,  ^      J  >♦  ignititig  in  contact  with  red-hot  and  t:  ^    ub4lM 

'Wiiwti  nor  percuaaiou*    This  white  gunpowder  may  be  pi^efomd  feol 
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oSiDirj  powder  for  tha  following  reasons : — Being  oompoaed  of  unyarving  substances, 
tUs  powder  can  idways,  by  wcigning  out  the  proper  quantities  of  each  ingredient,  be 
obtiined  of  luiiform  strengui  and  quality.  The  ingredients  are  not  hygroRCopic  to  any 
extent,  and  are  not  acted  upon  by  exposure  to  the  air.  The  manufacture  requires  but  a 
TOT  short  time,  the  projectile  force  is  far  greater,  and  the  powder  need  not  be  granulated. 
On' the  other  hand,  this  powder  acts,  during  its  ignition,  so  yery  strongly  upon  iron  and 
ireel  that  it  can  only  be  used  in  bronze  oranance«  and  in  the  filling  of  shells,  &c.  It 
b  more  readily  fired  than  ordinary  g^nnpowder,  although  less  so  than  other  mixtures 
containing  chlorate  of  potaasa.  Finally,  its  manufacture  is  yery  expcntdve.  According 
to  the  experiments  of  J.  J.  Pohl  (1861)  on  this  subject,  the  following  is  the  best  recipe 
for  this  powder : — 

Yellow  pmssiate  of  potassa 28  parts 

Loaf  Sugar       23    „ 

Chlorate  of  notassa 49    „ 

Thia  mixture  is  approximatiydy  equal  to — 

I  molecule  of  Pmssiate  of  potassa, 
I        „  Sugar, 

3  molecules  of  Chlorate  of  potassa ; 
wrresponJing  in  100  parts  to  28*17  of  pmssiate  of  potassa,  2278  of  sugar,  and  49'05  of 
chlurato  of  p4>tas8a.  As  no  accurate  and  reliable  analywes  of  the  products  of  the  com- 
bustion of  this  powder  haye  been  made,  and  as  these  products  will  yary  with  respect  to 
the  conditions  imder  which  the  ignition  takes  place,  whether  in  open  air  or  in  a  close 
TMel,  it  can  be  merely  calculated,  that  assuming  complete  combustion  to  take  place, 
wo  parts  of  this  powder  will  yield : — 

Nitrogen I  '865  parts 

Carbonic  oxide      ..      ..  11-192    „ 

Carbonic  acid         ..      ..  17*587    „ 

Water     16788    „ 

Total  gaseous  products       . .  47*442    „ 
The  solid  residue  will  consist  of — 

Cyanide  of  potassium  . .   17*385  parts 
Ciiloride  of  potassium . .  29*840    „ 
Carburet  of  iron  (FcCJ      5*333    „ 

Total  non-yolatile  products      52*558    „ 

The  bulk  of  gaseous  matter  evolved  by  the  ignition  of  100  g^rms.  of  this  powder,  taken 
•t  0°  and  760  m.m.  Bar.,  is  as  follows  : — 

Nitrogen. .      . .     1927*0  cubic  centims. 
Carbonic  oxide      8942*9  „ 

Carbonic  acid        8942*9  „ 

Aqueous  vapour  20867  9  „ 

406804  „ 

Afi  the  temperature  of  combustion  is  estimated  at  2604*5°  ^^  quantity  of  the  gases  is 
431 162  c.c. 

^"pTrlrt^hoy!***  '^  Under  the  name  of  fireworks  we  include  certain  mixtures  of 
combustible  substances  emploj-od  as  signals,  as  destructive  agents  (for  instance, 
Congreve  rockets),  and  for  purposes  of  display. 

The  various  forms  are,  according  to  the  end  in  view,  so  contrived  as  to  bum 
«ff  either  rapidly  or  slowly,  and  with  more  or  less  emission  of  gaseous  matter,  heat, 
wd  light.  These  mixtures  are  mainly  distinguished  as  heat-producing,  ignition 
communicators  (technically  termed  a  match),  and  light-producing.  The  principle 
of  the  rational  manufacture  of  fireworks,  applying  the  word  in  its  extended  sense,  is 
that  neither  any  excess  of  the  combustible  nor  of  the  combustion  promoting  and 
•iipporting  agents  should  be  employed,  and  that  unavoidable  accessory  materials, 
tiz.,  such  as  are  intended  only  to  keep  the  essential  ingredients  in  a  certain  required 
Aape,  the  paper  casings,  &c.,  be  in  precisely  the  quantity  required.    The  best 
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proportions  of  tKe  combustible  and  c-ombustion^aupportJTig  mibstancaa  can  \m 
ascortained  by  theoretical  calculations ;    for  inBtanco,  it  vill  be  evident  tb«t  a 
mixture  of  2  eqiuvaleuta  of  saltpetru  and  i  equivalent  of  sulphur  (i),  or  n 
of  2  equivalents  of  saltpetre  and  3   equivalents  of  sulphur  [i)^  is  in  each  IJ 
wrong ;  in  tho  latter,  too  much  of  the  combustible  body  is  used  i  and  in  the 
case,  too  much  of  tho  supporter  of  combia^Uon  is  employed  : — 

(1).  S  can  take  up  from  2KNO3  at  most  3O,  couflequently  3O  remain  ini 
(a)*  38  and  2KNO3  yield  either  KjS  and  sSOj.  or  a  mixture  of  K^SOi^ 

and  SOa ;  in  each  case  some  sulphur  remaining  unburn t. 
We  havL»  to  bear  in.  mind,  however,  that  it  is  not  always  possible  to  ela< 
theciretically  the  decomposition  of  tirework  mixtures,  as  the  affinity  of  th©  sul 
which  re  net  upon  each  other  is  not  well  known,  and  depends  on  acce^^ory  «»• 
ditiona  and  comparatively  unknown  iufiuenc^3s.  It  will  require  a  more  udvuiic!^ 
knowledge  of  the  products  of  the  dccomjK)aition  of  the  different  substances  Nsd 
their  specific  heat  before  we  can  predict  with  some  degree  of  certaiuti'  the 
mixtures.  As  regards  the  existijig  mixtures,  they  are  the  result  of  a  lengthy 
of  experiments,  really  made  by  rule  of  thumb,  though  with  a  certain  correspon( 
with  the  be^t  cumpoHifcion  theory  can  give,  that  ia  to  say,  many  of  these  mixl 
have  been  somewhat  modified  and  imitroved  b>'  niodern  science. 

Tii«  morr  rommoaiy  (w^    Thei^e  mixtares  rjjriHjet  nmialy  of  saltx)etre,  siilphiiTf  and  el 
FiRwork  Mixture*     either  ia  the  same  proportioiia  aM  those  in  nm   for  gTinp»w< 
with  an  excess  of  tfulpbuj  and  eharcoui.     Some  mixtures  Gontain  ia«tead  of  mi, 
cldorate  of  x>otaj4Ba  and  other  salt^,  not  always  cssontial  to  the  combuAtlon,  but  iul 
eitlier  to  iiitt!n.Hify  the  light  evolved  or  impart  to  it  a  distinctive  eoloar,  oa  in 
and  Bengal  h^hts. 

Gunpowder       Jb  used  in  fireworks  when  it  i»  dctiircd  th«t  there  should  be  pr»jjfx  tili 
A  tilower  oombuji»tion  of  the  powder  is  ohtuiued  partly  by  the  u§e  of  the  «o»cttJI»^l  tl< 
powder,  that  is  pulverised,  not  granulat4>d  powder,  partly  by  Gomprt'ssing^  tlie  mixl 
however,  it  '\&  intended  to  produce  loud  n^ports,  graiiulntetl  powder  is  iii*<Ml. 

eajtpvtn  ojid  saipbur  uiiiure.    Thls  comiij*tH  of  2  molTCuJi'8  (75  purt«  bj'  v       '  ^      "' 
and  I  nK»lc?culo  (25  parts  by  wei^hi)  of  sulphur,  uud  is  uh(h1  ii.h  thr 
Hudi  ti rework  mixture*  as  are  mt<?nded  to  burn  off  nlowly  and  ev..: 
HoWL'rer,  this  luixturo  is  not  uaod  by  itself  fr»r  two  reas-m^,  yU.^  it  doe«  nol 
a  mifticient  degree  of  heat  to  support  its  ex:>Titinu<^  rorabustion,  and  does  oot 
BuliirLent  projectile  force,  being  capable  of  producing  in  the  best  posable 
complete  ignition  ouly  1  molceiile  of  sulphurous  acid^ 

that  ia  to  say,  i  part  by  bulk  of  this  niixturo  only  yi<'ld?4  7-28  volumes  of  gasi     For 
reaaona  the  siiltpetre-suJphur  mixture  itt  employed  with  charcoal  or  floury  gnnpu' 

Gt«y  oDiourod  Mkj[Tur«.       Stich  a  mlxtuTS,  tanctioncd  by  bng  use,  is  that  known  am* 
colotired  mixture,  consisting  of  93*46  per  cent,  of  saltpetre-suJphar,  and  (>-$%  M 
gunpowder,     nii.'i  imxtare  is  the  chief  constituent  of  other  compiumda  iii 
slowly,  emitting  at  the  wime  time  n  brilliant  light,  owing  to  the  faet  tlvat  t 
pjtanjsa  formeii  by  the  comlmation  ui'ts  similarly  to  a  solid  hrcjuj^cht  to  hji 
state.     All  mixtures  iuteudwi  to  emit  light,  including  coloured  lightAf  are  pre] 
i\\t:  Hamc  principle,  that  the  sidt  which  is  to  give  colour  shall  be  &on->volatue 
pcniture  of  CHimbujrti<m, 

titJwmteofpotaaMiiLiturf*.     Tlds    Salt,  KCIO3,    whcn  III    presm^e    of    efimbiiBtthb 
etance.%  jerives  uff  it^  oxy|^*u  t43  the  latter  more  readdy,  rftpidly,   i    ' 
pctre  ;  accordingly  this  wilt  is  Uited  in  all  mixtiu-ea  in  whirh  it  i- 
ignition  with  combustion.     Formerly  a  mixture  of   So  parts  h\     .  .^..,  -  .    ., 
potassii  and  20   pjirt*   of   sulphur,  was   added   to  intensify  and  quicken   tiic 
tion  of  miitnreti  eoiudstiug'  of  more  e<lowly  burning  salt«.     A  mijcttms  of  sulphi 

Frtct  on  Mi^un>«.         Colli    and    chlorate    of    potajvsa    constitutes    an    actire    ] 
I^n:tt»*iua  i^wdn*.   powder.     A  mijtture  of   equal  part«  by  weig^ht  of   Uaek  «ul] 
antimony  and  ehlt'rate  of   potasna  is  uwd  iur  the  puriKJse  of   diachargiaip 
means  of  a  porcuKsioti  tube  placed  iiito  the  touchholc  of  tlie  ^gun.     Sir  1^  iUiazn 
ttsea  lor  this  purpose  a  mixture  of  amorphous  phosphorus  and  ddorate  of  potaan* 
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itiivK  the  This  mixture  confiista  oiiLor  of  cMoraie  of  poiassa  and  black  so]- 
^^  pliuret  of  aritinionyj  or  11  compound  con  taming-  hilminato  of  mercurr, 
:,  i»  s  good,  prt^pamtion  :— 16  parte  of  chlorat^^  of  potaM-tA,  8  part!*  of  blnck 
Etitinionj,  4  of  ttour  of  sulphur,  t  of  charcoal  powder,  art?  moist tive*!  with 
r  gum  or  sugar  water,  and  alxmt  5  drops  of  mtrio  acid  addtn:!.  A  mw\\\  qimntit}', 
arallT  kziowa  aa  the  ptll^  ia  placed  in  the  cartridge,  and  ijurnit*?d  by  tho  friction  pro- 
l  by  the  wndden  paseiage  of  tho  steel  needle  through  it.  In  thia  ooiintrv  cither  the 
f  or  vt  mixture  of  amnrphoua  phosiihorus  and  thiontte  of  potiihsa  is  Uited.  Leaxln/^ 
of  silver  and  raenury  out  of  the  question »  the  explosive  bodice  and 
lity  to  warlike  purp4>f*ea  and  war  pyrotechny  have  not  been  euftieiently 
„-^»^^->jl.  Nitivmannite  or  fuJininating'  niannite,  the  pierjites  of  the  alkalieei, 
Itepglycerine,  of  wliich  we  shall  presently  treat  more  fully,  especially  deserve  notiee. 
pngnoUes,  who  ^ggefitu  that  instead  of  ftultpetre,  i)i€ratc  of  jhjta^sa  should  be  n*4ed 

I  inanuf acture  of  gunpowder,  states  that  quite  diiferent  produets  are  formed  by  the 
jll  af  picrate  of  pota^sa,  when  effectt'din  the  open  air  (a',  (ir  under  pressure  [B) : — 

j  2C^K(N0Jj0=K,€O3  +  5C+2N+KO+Na^+4CO^  +  CHN. 

|l*icnite  of  pot4M«a, 

»  2fiH^(yQj30  =  K,C03  +  6C  +  jN  +  5CO.  +  2H,  +  O. 

Fiurnte  of  potnftsa, 

oatiuj^  aniline,  chromato  of  diiiuobonzol,  obtained  by  the  action  of  nitrous  acid 
inilin''.  and  tlie  precipitation  oi  the  prmlu*'t  bv  the  aid  of  a  hydrochloric  acid  aolu- 

bit  hroniate  of  pottLSfla,  iB,  According  to  MM.  Caro  and  Grieaa,  an  efficient  substitutfi 
mil) (I ting  mercurj%  • 

r  4(u€Uf  K.\\t\Mtw*.  These  consist  chiefly  of  floury  gunpowder  and  gr^y  mixture, 
Ich  are  added  those  organic  «ub»tance»,  »«  pitchy  rcHini  tar,  ijcmitingr  readily,  but 
iwi  more  slowly  tliaa  any  firework,  llie  teat  >roneraUd  V*y  the  comlnistion  of 
ks  H  mnch  higher  than  i«  rt^uire<l  to  igniti^  woo<l»  but  tir^t  of  suflicient  duration  to 
he  thoroutfh  buTninir  of  the  wo<id,  hence  t)(e  utldition  of  t4iT,  &e. 
<F»rr».     Tlie    saita    emploTt^d   to   prfiduce    coloured    flajnes   are — the   nitrates  of 

*»trontift,  and  soda,  and  tKe  ammoniaeal  aulphate  of  copper.  The  f»o-caUt>d  cold 
Uxturf,  oompo9©*l  of  prey  mixture,  floury  gunpowder,  and  Hiiliihurt»t  of  antimony, 
iwl   with   bmijdy   and   then   mixtnl,   prr*duces   a   whit^  flntno,     Tlie  mixture,**  lor 

II  firat  uaed  in  artillery  laboratories  are  the  undermeniioiicnl»  <>iikiilatod  tot  100 
f  «ttch  smsttiro  :— 


fcof  potMsa 


mmtil 


kmoniaoal  eulphntc  of  copper 

Itpetw*        . .      

f  antimony     . . 


a. 
Green. 

Red. 

Ydli>w. 

Blue. 

WTiite 

'11 

52 
52^3 

297 
172 

'7 

23^^ 

38 

545 

20 

4S7 

9^ 
628 

— 

— 

— 

—  ^ 

%rA 

60 

57  ^  — 


airiij>  I  ■'    ♦>  mention  that  great  car©  ia  required  in  mixing  these  mate- 

t)  that  e*  ut  ought  to  be  pulveri.'*ed  separately. 

liSiig  to  3  L    a   beautiful   white  flame   edged   with  blue  is  obtained   by 

^on  of  the  fuUowiiiji?  mixture  : — 20  parta  of  8aHj>etre,  5  of  sulphur,  4  of  sulpburct 
fftn,  find  r  p?*rt  of  chart:oaL     Chloride  of  thallitmi  with  other  ingrfrdientw  yieldfl  a 

MugjieKium  was  used  during  the  Abyssinian  war  in  various  ways 

wjiii  re<:iuired.     The  chlorates   of  the  alkaline  earth  bases  and  tJie 

I    I.,*   r-T^.  f\.,  ,r.io,  were  it  not  for  the  expcnfsej  and  for   the   fu<'ts 
■■•■V,  and  liable  to  t^ontane«>u>ii  conibu/*tion.     The  ear- 
in  etimo»  used  instead  of  the  nitrate.     According  to 
B<4^ituUt^  an«l  Cu«ti4]iay.,  uio^t  brilliant  coloured  flamea  aro  obtained  with  picrato 
'  \  in  the  foDowing  proportions  :^ 

V  \\nf»  ^  I*if  rate  of  ammonia  . .      , .      5*^ 

xeuow  y  Yiiivhiii  of  prot^ixidc  of  iron     50 

n«o^»,    f  Pierate  r>f  ammonia   ,  ^      , ,     48 

Ureea  ^  titrate  of  baryta       . .     , .     52 

«•       I  Fie  rate  of  ammonia    , ,      . ,     54 

^^      I  Nitrate  of  strontia     .  ♦     , ,     46 
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6.  Nitroglycerine, 

Kitrogiyceriiie.      This  substance,  also  known  as  fulminating  oil,  nitroleum,  trinitrine, 

glyceryl-nitrate,  glonoino,  was  discovered  in  1847  by  Dr.  A.  Sobrero,  while  a  student 

in  the  laboratoiy  of  Professor  Pelouze,  at  Paris.     Since  the  year  1862,  M.  Alfred 

Nobel,  a  Swede,  has  mauuiactured  this  liquid  on  the  large  scale.    The  fbnnnk  of 

nitroglycerine  is  C3II5N3O9  or  /^r\\  ]  O3;  consequently  it  conaiflts  of  glyceiine, 
3„5  I  O3,  in  which  3  atoms  of  H  have  been  replaced  by  3  atoms  of  NO^.    100 
parts  of  nitroglycerine  yield  on  combustion — 

Water         

Carbonic  acid 

Oxjgen 

Nitrogen 

lOQ-o  parts. 

As  the  sp.  gr,  of  nitroglycerine  is  1*6,  i  part  by  bulk  will  yield  on  combustioo-' 

Aqueous  vapour 554  volumes. 

Carbonic  acid 469        „ 

Oxygen 39        „ 

Nitrogen 236        „ 


20 

parts. 

58 

» 

3*5 

fi 

18-5 

» 

1298      „ 

According  to  experiments  made  in  Belgium,  the  combustion  of  nitroglycerinA 
does  not  yield  frcK)  oxygen,  but  a  large  quantity  of  protoxide  of  nitrogen ;  accord- 
ingly, the  following  equation  will  give  some  idea  of  the  mode  of  explosion : — 

\  /  Carbonic  acid,  6002. 

2  molecules  of  f  1  Water,  5H2O. 

Nitroglycerine,  C3II5N3O9  i  \  l^toxide  of  Nitrogen,  NjO. 

./  \  Nitrogen,  4N. 

M.  Nobel  states  that  the  heat  sot  free  by  explosion  causes  the  gases  to  expand  to 
eight  times  tlit'ir  l)ulk ;  accordingly,  i  volume  of  nitroglycerine  will  yield  io"384 
volumes  of  gas,  whiUr  i  part  by  bulk  of  powder  only  yields  800  volumes  of  gas ;  the 
explosive  IbrLO  of  iiitro-glycerine  is,  thei*efore,  to  that  of  powder — 

By  volume  as  13  :  i. 
By  weight  as  8 :  i. 

In  order  to  prepare  nitroglycerine,  very  strong  nitric  acid,  density  49®  to  yfi  B. 
=  I  476  to  I  '49  sp.  gr.,  is  mixed  with  twice  its  weight  of  concentrated  sulphuric  add. 
3300  grms.  of  this  mixture,  thoroughly  cooled,  are  poured  either  into  a  glass  flask 
or  into  a  glazed  earth«.'nwaro  jar,  placed  in  a  pan  of  cold  water,  and  there  is  next 
gradually  added  500  grms.  of  concentrated  and  purified  glycerine,  having  a  density 
at  least  of  30°  to  31**  B  =  sp.  gr.  1*246  to  i'256,  care  being  taken  to  stir  constantly* 
According  to  Dr.  E.  Kopp's  rei'ipe  (1868)  the  acid  mixture  should  consist  of  3  paili 
of  sulphuric  acid  at  66"  B.  -=•  1767  sp.  gr.,  and  i  part  of  fuming  nitric  acid.  To  350 
grms.  of  glycerine  2S00  grms.  of  the  acid  mixture  are  added ;  and  in  performing  thii 
operation  care  should  be  taken  to  avoid  any  perceptible  heating  for  fear  of  con- 
verting by  a  violent  reaction  the  glycerine  into  oxalic  acid.    The  mixture  is  now  left 

■land  for  five  or  ten  minutes,  and  afterwards  poured  into  five  or  six  times  its  bulk 
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r  cold  vnter,  to  which  a  rotatory  mption  baa  beeu  impartod.  The  newly ^ 
nitroglycenne  «iinks  to  the  bottom  of  tlie  vessel  us  a  heavy  oily  liquid »  which 
l«i  by  tlwuiitation ;  but  if  not  intcndc^J  for  tran3|K>it— and  experience  bus 
the  tr*tn?iport  of  nitroglycerine  to  be  highly  dangerous — the  washing  may  be 
led  with,  aa  neither  any  adhering  acid  nor  water  impair.^  the  explosive 
ia^  Nitroglycerine  ie  now  generally  made  on  the  spot  in  Americii  and  el^e- 
by  tlif^se  whom  experience  in  mining,  quarrying,  and  engineeiing  matt^trs 
ight  the  reftl  value  of  tliis  very  poworl'ul  agent. 

^glycerine  is  an  oily  fluid  of  a  yellow  or  brown  colour,  heavier  than  and 
le  in  watt^r,  soluble  in  alcohol,  ether,  and  other  fluids;  when  exposed  to 
10118  cold,  not  of  great  intensity,  it  becomes  soliilified^  forming  long  needle- 
crysUle.  The  best  means  of  exploding  nitroglycerine  is  a  well-directed 
0tther  a  spark  nor  a  lighted  body  will  cause  tlie  ignition,  which  even  with  a 
IHii^efi  place  with  difficulty ,  only  part  being  consumed,  A  glass  bottle  filled 
^■ycprine  may  beama,Hhcd  to  pieces  witliout  causingthe  contents  to  explodOt 
ycerine  may  even  be  gently  heated  and  volatilised  without  det^ompnsition  or 
tjon,  provided  violent  boiliug  \s>  carefully  prevent«xl.  ^\1ieu  a  drttp  of  nitro- 
le  is  e^iused  to  fall  on  a  moderately  hot  piece  of  cast- iron  the  bquid  is  quietly 
led ;  if  the  iron  is  red-hot  the  liquid  bums  off  instantaneoxusly,  j  ust  as  a  grain 
ler  would  do  under  the  same  conditions ;  if,  however,  the  iron  is  at  that  heat 
rill  cause  the  immediate  boiling  of  the  nitroglycerine,  it  explodes  with  great 
blitroglycerine,  especially  if  sour  and  impure,  is  liable  to  spontaneous  decom- 
,  which.  ac*;omiianied  by  the  formation  of  gas  and  of  oxalic  acid,  may  have 

0  proximate  cause  of  some  of  the  dreadful  explosions  of  this  substance,  it 
mnised  that  the  pressure  exerted  by  the  generated  gases  ui>on  the  fluid  in 
Diilly  closed  vessels  had  something  to  do  with  tho  occurrences.     On  this 

M.  K.  List  advises  that  vessels  containing  nitroglycerine  should  be  only 
•toppered,  or  if  being  ti'ansportod  provided  witJi  safety-valves,  Nobel 
nitroglycerine  from  explosion  by  dissolving  it  in  pure  wood-spirit,  from 
\  may  be  agiiin  separated  by  the  addition  of  a  large  quantity  of  water.  Mr. 
p.  this  sotfre  observes  that: — i.  The  wood-spirit  is  exj>ensive,  and  lost  in  the 
Unttty  of  water  requii^ed  for  precipitating  the  nitroglycerine;  a*  Wood-spirit, 
0latile,  may  evaporate,  and  leave  the  nitroglycerine  unprotected ;  3»  There 
jlge  of  chemical  action  between  these  bodies ;  4.  Tho  vapour  of  wood-spirit 
blattle,  and  forms  with  air  an  explosive  mixture.  M^any  suggestions  have 
lie  fts  t^  rendering  nitroglycerine  safe  to  warehouse ;  among  them  may  be 
le  mixing  with  pulveris*>d  glass  in  a  manner  similar  to  Oale^s  process  for 
fter.  Wurtz  rocommends  the  mixture  of  nitroglycerine  with  equally  dense 
li  of  either  of  the  nitrates  of  zinc,  lime,  or  magnesia,  so  as  to  form  an 
ft,  the  nitroglycerine  being  recovered  simply  by  tho  addition  of  water.  The 
Siitn3glycerine  is  sweet,  but  at  tho  same  time  burning  and  aromatic ;  it  it  ft 
^eon  t^ven  in  small  doses,  and  its  vapour  is  of  course  equally  virulent  hence 

I  ia  required  in  working  with  tliis  substance  m  loc^ilitie;^  where,  vi&  in  mines 

I  supply  of  fresh  air  is  limits.   Instead  of  manufacturing  nitroglycerine 

Eilly  arrange^l  for  that  purpose,  and  transporting  this  dangerous 

1^'  It  is  better,  as  advised  by  and  executed  xmdf?r  the  direction  of  Dr.  E, 

1  th«  Savorne  quarries,  to  have  tho  quantity  requiic»d  for  daily  use  prepared 
by  intelligent  workmen.    Notwithstanding  the  Tery  Borious  accidents 


GVN  COTTON,  i6i 

be  longer.  4.  The  gun-cotton  haying  been  thoroughly  washed  should  be  drlo  X 
at  a  gentle  heat.  5.  Impregnating  with  nitre  increases  the  strength  of  the 
tfcon. 

«  of  oan-c«>ttoB.  In  its  outward  appearance  gun-cotton  does  not  differ  from  ordinary 
neither  w  any  diflPerence  perceptible  by  microacopic  investigation.  It  is  insoluble 
)Ts  alcohol,  and  acetic  acid,  diilicultly  soluble  in  pure  ether,  but  readily  soluble  in 
hich  contains  aleohul,  and  in  acetic  ether.  Gun-cotton  is  liable  to  spontaneous 
risition,  which  may  even  induce  its  spontaneous  combustion ;  this  decomposition  is 
1  with  the  evolution  of  aqueous  vapour  and  of  nitrous  acid  fuiues,  the  remaining 
ce  containing  formic  acid.  As  regards  the  temperature  at  which  gun-cotton 
statements  differ;  it  has  in  some  instances  been  dried  at  90'  to  100"  without 
ifrerous  consequences,  while  it  has  been  found  to  ignite  at  43*.  Instances  are 
rd  of  serious  explosions  of  gun-cotton  having  ta!ken  place  under  conditions 
[f-ave  no  doubt  that  the  greatest  care  is  required  in  handling  and  warehousing 
i^tance;  for  instance,  a  smaU  magazine,  filled  with  gun-cotton,  situated  in  the 
Vincennes,  Paris,  was  exploded  by  the  sun's  rays ;  and  at  Faversham  the  Le  Bouohot 
rooms,  which  could  not  possibly  be  heated  above  45°  to  5o^  exploded  with  great 
'.  Gun-cotton  explodes  by  percussion,  leaving  no  residue  after  its  ignition.  Good 
ton  may  be  burned  off  when  placed  on  dry  gunpowder  without  igniting  the  latter. 
T  hygroscopic,  but  may  be  kept  for  a  length  of  time  under  water  without  Meeting 
jsive  properties. 

rding  to  the  best  chemical  analysis,  gun-cotton  is  trinitro-coUulose, 

C6H7(NO^)303, 

lently  it  Ls  cotton  considered  in  a  pure  state  as  cellulose,  C6II10O5,  3  atoms  of 
Irogen  of  which  have  been  replaced  by  3  atoms  of  hyponitiic  acid.  100  parts 
•cotton  contain — 

Carbon       24*24 

Hydrogen 2*36 

Oxygon     59*26 

Nitrogen I4'i4 

1 00 '00 
lyersion  of  cotton  into  gun-cotton  may  therefore  be  expressed  by  the  following 

CJI, A  +  3nN03  =  C6H7(NOa)305  +  3n.o ; 
Cotton.  Gun-Cotton. 

Iphuric  acid  being  eniploj'ed  only  for  the  purpose  of  absorbing  water, 
ing  that  the  cellulose  is  entirely  converted  into  tiinitro-cellulose,  100  parts  of 
ought  to  yield  185  pjirts  of  gun-cotton,  and  when  the  conversion  forms  binitro- 
*e,  100  parts  of  cotton  ought  to  yield  155  parts  of  gun-cotton.  The  undor- 
ned  are  tlie  results  of  direct  investigation.     For  100  parts  of  cotton — 

e  (in  ten  experiments,  1849)  found  168  to  170  parts  of  gun-cotton. 

It  andll')cker(i848)  „    169  „  „ 

?i*ckhoffand  Renter  (1849)  „    176-2  „  „ 

:"'^(i85o)  „    17S 

^^cW,Schrotter,  and  Schneider  ( I S64),,    i;8  ,,  ., 

^  ^''S62)  „    155 

■y^^b)  „    16525 

'*  ^'^plosion  of  gun-cotton  in  vacuo,  carbonic  oxide,  aqueous  vapour,  and 
^^'0  evolved.    The  sumo   i)roducts,  with  the  addition  of  nitrous  acid  and 
'*  ^^'0  rreneratcd  by  the  ex2)losion  of  gun-cotton  in  closed  vessels,     i  grm.  of 
J3 
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Common  Salt. 
Common  salt,  or  chloride  of  sodium;  consists  of— 

Chlorine,  CI      35*5  60*41 

Sodium,  Na       23*0  39*59 


58*5  lOO'OO 

and  is  found  on  our  globe  in  the  sob'd,  as  rock-salt,  as  well  as  dissolved  in  sea- water 
in  enormously  large  quantities.  It  occurs  as  rock-salt  in  extensive  layers  alternating 
with  those  of  clay  and  gypsum  at  an  average  depth  of  100  metres.  The  following  are 
a  fttw  of  the  localities  where  rock-salt  is  mot  with  in  the  tertiary  formation : — 
Wieliczka,  Poland ;  the  northern  slopes  of  the  Carpathian  mountains,  and  in  several 
districts  of  Hungary ;  in  the  chalk  formation  of  Cardona,  Spain ;  in  the  Eastern 
Alpe,  Bavaria,  Salzburg,  Styria,  and  the  Tyrol.  Among  the  trias  formation  are  the 
salt  deposits  of  the  Teutoburg-wood,  Qormany,  and  a  great  many  others,  among  them 
the  celebrated  Stassfurt  deposits.  In  England  rock-salt  is  found  in  Cheshire,  this 
count)'  being  also  plentifully  supplied  with  saline  springs,  the  water  of  which  yields 
on  evaporation  an  abundance  of  suit.  Petroleum  wells  are  found  with  salt  in  many 
parte  of  Asiatic  Bussia,  in  Syria,  Persia,  and  the  slopes  of  the  Himalaya.  Salt 
occurs  plentifully  in  several  districts  of  Africa,  America,  and  other  parts  of  the 
vorld,  and  mixed  with  clay  and  marl,  forming  salt-clay.  Salt  occurs  secondarily  by 
having  been  dissolved,  at  a  depth  varjung  in  Germany  hom,  91  to  555  metres,  by 
water,  which  carries  it  again  to  the  surfaces  there  forming  salt  springs  and  salt  lake», 
from  which  the  salt  is  obtained  by  evaporation.  Among  the  salt  lakes  may  be 
noticed  the  lake  near  Eisleben,  Germany,  the  Elton  Lake,  near  the  Wolga,  Eussia, 
the  Dead  Sea,  and  the  Salt  Lake  of  Utah,  United  States. 

There  can  be  no  doubt  that  the  common  salt  met  with  in  salt  springs  owes  its 
orijjiiin  to  the  solvent  action  of  water  upon  rock-salt,  and  as  rock-salt  is  largely  met 
with  in  sedimentary  geological  formations,  the  prevalence  of  this  formation  in 
Germany  has  there  given  rise  to  a  largo  number  of  salt  springs.  Common  salt  is 
also  found  in  sea- water,  and  if  obtained  by  its  evaporation  is  often  termed  sea- salt; 
or  if  deposited,  as  is  the  case  in  the  Polar  regions,  by  intense  cold  on  the  surface  of 
ice-fields,  it  is  known  as  rassoL  Common  salt  is  largely  obtained  as  a  by-product 
of  some  chemical  operations,  as  in  the  convoi-sion  of  sodium-nitiate  into  potassium- 
lutmte  by  the  aid  of  chloride  of  potassium. 

""aS&om'SKwiS!""^"  '^^^  constituent  salts  of  sea-water  do  not  differ  in  any  part 
of  the  world :  even  the  difference  in  quantity  is  very  small,  and  is  generally  due  to 
local  causes,  as  the  dilution  of  the  sea- water  by  river- water,  melting  icebergs,  &c. 
The  sp.  gr.  of  sea- water  at  17",  varies  from  1*0269  to  1*0289,  the  sp.  gr.  of  the  water 
rf  the  Rod  Sea  being  as  high  as  1*0306.    One  hundred  pai'ts  of  sea- water  contain — 

CTiloride  of  sodium    . . 
BruDiide  of  sodium    . . 
Sulx>hate  of  potassa  . . 
Sulphate  of  lime 
Sulphate  of  magnesia 
Chkn-ide  of  magnesium    . . 
Chloride  of  potassium 

3'47oS  3*5519  3*4384  4*534 


Pacific 

Atlantic 

German 

Red 

Ocean. 

Ocean. 

Oceuii. 

Sea. 

2*5«77 

27558 

2-5513 

3*030 

0040 1 

0*0326 

0-0373 

0*064 

01359 

0*1715 

01529 

0295 

0*1622 

0*2046 

0-1622 

0*179 

0*1104 

0*0614 

0*0706 

0*274 

o'4343 

0*3260 

0*4641 

0*404 

— 

— 

— 

0-288 
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The  composition  of  the  salt  contained  in  the  water  of  the  sereral  seas  is 
by  the  following  table : — 


•S  M  .2 

i*        I        I 
a        s       « 

Arerage  quantity  of  salt  and  water — 

Solid  salt       0-63        177        177        3-31        3.37        3-63 

Water 99*37      98*23      98*23      96*69      9663      9637 

The  dissolved  solid  matter  consists  in  100  parts  of — 
Chloride  of  sodium      ..  58*25      79*39      84*70      78*04      77-07      77*03 
Chloride  of  potassium.       1*27        1*07         —         2*09        2*48        389 
Chloride  of  calcium     . .      —  —  —         0*20         —  — 

Chloride  of  magnesium  io*oo  7*38  9  73  8'8i  876  7-86 
Bromides  of  sodium  and 

magnesium        ..      ..     —  0*03  —  0*28        049         1*30 

Sulphate  of  lime  .  . .  7*78  o*6o  013  3*82  276  4-63 
Sulphate  of  magnesia . .  19*68  8*32  4*96  6*58  8*34  5-29 
Carbonates  of  lime  and 

magnesia 3*02        3*21        0*48        o*i8        o*io        — 

Nitrogenous    and   bitu- 
minous matter  ....      —  —  —  —  —  — 

One  cubic  metre  (35*3165  cufcic  feet)  of  sea-water  contains  consoquentlj 
28  to  31  kilos,  of  chloride  of  sodium,  and  5  to  6  kilos,  of  chloride  of  i)<>ti 
Chloride  of  sodium  (common  salt)  is  obtained  from  sea-water : — 

a.  By  the  evaporation  of  the  water  by  the  aid  of  the  sun's  heat. 
h.  In  wintor  by  freezing, 
c.  By  artificial  evaporation. 
^•*^*^£aui*8a"iS;?.^'""''"  This  method  of  obtaining  common  salt  from  sca-^- 
limited  to  certain  of  the  coast-lines  of  Southern  Europe,  and  is  never  ( 
beyond  48*  N.  latitude.  The  countries  best  situated  for  this  industrj'  are  1 
Portugal,  Spain,  and  the  coasts  of  the  Mediterranean.  The  arrangement 
salines,  or  salt-gardens,  is  the  foUowing :— On  a  level  sea-shore  is  constn 
large  reservoir,  which,  by  a  short  canal,  cominuiiicatos  with  the  sea,  (an 
taken  to  afford  protection  against  the  inroads  of  high  tides.  Tlio  dei)tli  of  \\ 
these  reservoirs  varies  from  0*3  metres  to  2  metres.  The  sea-water  i8  kej»t 
reservoir  until  the  suspended  matter  has  been  deposited,  and  is  then  (!onvvv< 
wooden  channel  into  smaller  reservoirs,  from  which  it  is  conducted  by  under 
pipes  to  ditches  surrounding  the  salines,  where  the  salt  is  separated  from  the 
The  salt  is  collected,  placed  in  heaps  on  the  narrow  strips  of  land  which  sejm: 
ditches  from  each  other,  and  sheltered  from  rain  by  a  covering  of  straw.  i\ 
heaps  are  left  for  some  time,  the  deliquescent  chlorides  of  magnesium  and  < 

•  According  to  the  experiments  of  Baron  Safjs,  the  water  of  the  Baltic  from  tl 
Somid  bcitween  the  Islands  of  Oeael  and  Moon  only  conbiins  0666  per  cent,  of  solid 
and  is  of  a  sp.  gr.  =  i  004  74. 


|Bii4aIt8. 

ripi  Kv^fKiy^uiii.  Comition  eult  eTaporatcnl  from  sca-wate  by  the  aid  of  fuel, 
gni/ere^  is  cBicJly  prfjpared  in  Noniittud)%  in  the  folluwing  manner:— The 
Qpregnat4.Ml  witU  ailt  ia  employed  to  saturate  the  soa-watcr,  wluch  ia  next 
tted.  Very  frcfiuently  an  embttukmont  of  sand  is  tiirowu  up  ou  the  aUore,  go 
covered  tit  high  tides  ouly;  in  tlie  intt^rral  betwe<3n  two  tides  a  portion  of  tbe 
Ds  with  the  8aud»  wlu<;h  in  hot  sunuucT  weather  ia  colloctcd  t^nco  or  ihi'ee 
aily.  The  sand  is  lixiviated  in  ^n>oden  boxe^,  the  bottoms  of  which  aro  con- 
1  of  loose  plonks  covered  with  layers  of  straw;  the  sand  liaving  boon 
the  boxes  8ea-wat4?r  in  allow«'d  to  p<.!rctdute  through  thera  till  the  specilic 
of  the  watcT  incrttaaes  to  i*  14  or  to  i  •  17,  the  density  bt? Lug  observed  by  moana 
\  wajc  balU  weighted  with  lead*  Hio  salt  boilers  at  A vrauchin  consider  that  a 
I  or  brine  of  i"i6  sp.  gr.  i^  th*3  most  tsnitublo  tVir  evaporation.  Tho  uvapora- 
.'nrritHl  iju  in  b'adoa  pans,  and  during  tho  process  tho  soum  is  rwinovod  and 
wuaoddod  until  the  ^alt  begins  to  cryhtulliHo  out,  when  again  a  small  t^uantity 
^Bddod  to  produce  more*  dcum,  wliich  i«  at  iince  removed,  and  the  t^vapo- 
^■nued  to  dryness.  The  salt  thus  obtained,  a  finely  dividLMl  but  very 
^■berial,  ia  put  into  a  conical  basket  ati^Hpended  over  the  evaporating  pan, 
^Bcing  to  remove  by  the  ai'tiun  of  the  steam  the  deliquescent  chlorides  of 
^B.  magnesium.  The  S4ilt  is  next  transferred  to  a  warehou8e,  tlie  Ooor 
h  l»  constructed  of  dr^%  well-rammod,  exhausted  sand,  and  here  it  is 
ly  jmrified  by  tlie  loss  of  deliquescent  salts,  the  consequent  decrease  in  weight 
ing  to  20  to  28  j>or  cent  700  to  890  litres  of  brine  >ield,  according  to  tho 
l^tialt  contained  in  the  sand,  150  to  250  kilos,  of  salt.  A  very  ftimil^r 
^Bl  use  at  in  vers  tone »  Lancashire. 

^migton  and  thf>  Isle  of  Wight,  sea-water  is  conoi^ntrated  by  spontaneous 
tion  to  one -sixth  C'fit«  original  bulk,  the  brine  being  then  uvaporuttHl  by  the  aid 
dal  heut.  In  tht  neighboui huud  »*f  Liveri>«>ol  salt  is  obtained  hy  emjdoying 
cr  in  refining  crude  roek-sult;  in  tliiij  way  at  least  23  per  cent,  of  common 
idtiJ  as  a  by-product*    During  a  continuation  of  hot  summer  weather,  salt  ia 

om  the  water  of  many  of  the  Bait  lakes  in  immense  quantitiea^ 

,  at  tho  Elton  Lake,  Russia^  to  20  millions  of  kilos. 
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sylTin,  and  kainite;  25  per  cent,  of  common  salt;  16  per  cent,  of  kieserite;  and  4  per 
cent  of  chloride  of  magnesium.  As  this  saline  layer  contains  12  per  cent  ol 
potassa  it  is  an  important  deposit  in  an  industrial  sense. 

The  composition  of  rock-salt  is  as  follows  : — 

I.  White  rock-salt  from  Wieliczka ;  II.  White,  and  TIT.  Yellow  rock-salt  from 
Berchtesgadcn  ;  IV.  From  Hall  in  the  Tyrol ;  V.  Detonating  salt  firom  Hallstadt; 
VI.  From  Schwabischhall. 

I. 

Chloride  of  sodium         loo'oo 

Chloride  of  potassium      — 

Chloride  of  calcium  — 

Chloride  of  magnesium  traces 

Sulphate  of  lime  — 


n. 

in. 

IV. 

V. 

VI. 

99-85 

99-92 

9943 

98-14 

9963 

— 

— 

traces 

0*09 

traces 

— 

0*25 

— 

0-28 

015 

0*07 

0'12 

— * 

— 

— 

0-20 

1-86 

— 

loo'oo  100*00  loo-oo  100*00  100*00  lOO'OO 
The  so-called  detonating  salt,  found  at  Wieliczka  in  crystalline  granular  massea, 
has  the  property  when  being  dissolved  in  water  of  giving  rise  to  slight  detonations 
accompanied  by  an  evolution  of  hydrocarbon  gas  from  microscopically  small  cells, 
the  walls  of  which  becoming  thin  when  the  salt  is  dissolved  in  water,  give  way,  and 
cause  the  report.  If  the  solution  of  the  salt  takes  place  naturally  in  the  mine,  the 
gas  partly  escapes,  partly  becomes  condensed,  forming  petroleum,  often  met  with  in 
beds  of  rock-salt.  The  minerals  of  the  salt  deposit  of  Stassfiirt  are,  according 
to  MM.  Bischof,  Boichardt,  2^ncke,  and  others,  the  following : — 


Chemical 
Formula. 


Anhydrite. .    CaS04 


In  100  parts  are 
contained : 


o  3 


100  of  Sulphate  of  lime     2*968 


100  parts  of 
water  dis- 
solve at 
i8J'C. 

0*20 


Synonyms 

and  Ohser- 

vatioDS. 

Xarstenite. 


Boracite 


26*82  Ma^esia  \ 

B16O30CI2  65*57  Bone  acid  f 

Mg7       io'6i  Magnesium chlo-  j 

nde  / 


2*9 


( 


£SA  l^""** 


2676  Chloride  of  potas-  x 
sium  j 

ride 
38*74  Water 


Camallite. .  <   15^(3    34'50  Mapiosiumchlo-  >  i*6i8 
I  "^       ^  ride  || 

\  38*74  Water  } 


Bed  oxide  of 
ii-on 


Kioserito 


FC2O3    100  of  Oxide  of  iron  3*35 

Mo-SO  4-  87  *  10  Sulphate  of  mag- 


64-5 


Insoluble. 


Contains 
Bromine. 


..  (MgSO^- 


nesia 
12*90  Water 


Polyhulite. 


(  2CaS0, 
K,S(K 

2U,0 


of  lime  \ 
of  mag-  i 

of  po-  ) : 


40*9  MartinsiteP 


45* iS  Sulphate  of  lime> 
19*93  Sulphuteofi 

iiei*ia  F  /   Isdecom-  \ 

28*90  Suli)hate  of  po-  >  2*720  1  posed  while  f         — 

taj'sa  I  i  being  dis-  i 

/  '      solved.      ' 


5*99  Water 


•  According  to  Rnnimelsl)erg  it  i»  probahle  tliat  kiewrite  is  originaUy  an  anhvdiwi* 
mineral,  a  conclusion  which  seems  justified  by  the  variable  quantity  of  water  found* 
difEerent  analywe. 


OOMMOir  8AZT. 


I«7 


Chemical 
formula. 


In  100  parts  are 
oontaiiied: 


^-6 

•si 


100  parts  of 
water  dis- 
solve at 
i8f  C. 


Synoiijms 

and  Obser- 

rations. 


salt  ...        NaCl        loo  Chlorideof sodium  2'200  36'a 


ydrite    ') 


KCL 


100  Chloride  of  po- 
tassium 


a'o25 


ito  or 
[nerito 


21-50  Chloride  of  ,cal-\ 
OaCla  cium  i 

2MgCU    3  6  '98  Chloride  of  mag-  ?  1  '67 1 
12H2O  nesium  1 

41*52  Water  / 

36*34  Sulpliate  of  po-N 
•^QQ  tassa 

MffSC?     ^5 ' 24  Sulphate  of  mag- 
v^i*  nesia 

6H  O     ^^'^^  Magnesium cshlo-  I 
*  nde  ' 

19.47  Water 

43-18  Sulphate  of  po-^ 

KiS04  tassa  , 

MgS04    29*85  Sulphate  of  mag-  ' 

6II2O  nesia  ' 

26*97  Water. 


34*5 


160*3 


Contains 
Bromine. 


rin  is  also  found  in  large  quantitios  in  the  salt  deposit  near  Kalucz,  Galida. 

f  vorkinfr  Rock-Siit  Eock-salt,  Uko  other  minerals  and  according  to  its  mode  of 
•once,  is  either  quarried  or  mined.  If  it  happens,  however,  that  the  rock-salt 
od  with  other  minerals,  clay,  gypsum,  dolomite,  &c.,  a  solution  in  water  is 
d,  which  is  pumped  up  from  the  mine  as  a  concentrated  brine.  In  many 
ces  rock-salt  is  wrought  in  extensive  and  deep  mines,  as  in  the  celebrated 
iult  mines  of  Wioliczka.  : 

f  Working  9ait-spriii<f*.  Natural  salt-springs  sometimes  occur  which  have  been 
t'd  artificially  ])y  boring  to  a  great  depth  into  layers  of  earth  containing  saline ; 
ts.  In  this  manner  a  brine  may  be  obtained  sufficiently  concentrated  to' 
ouce  boiled  down.  The  method  of  working  the  natural  salt-spiings  is  to  form 
enicnt  reservoir  from  which  the  saline  solution  is  immediately  pumped  up  for 
iT\K)9(i  of  being  gradated  (see  p.  i68).  The  solution  previous  to  being  boiled 
is  left  to  allow  the  suspended  matter  to  settle.  The  salt-springs  obtained 
•ing  either  yield  a  native  brine,  or  the  borings  are  carried  into  solid  rock-salt 
ator  cause<l  to  descend  into  the  salt  deposit.  This  artificial  brine  is  then  pumped.; 
ilcss  there  is  naturally  an  artesian  formation.  ITie  brine  previous  to  further 
:i(>ns  is  left  for  some  time  in  reservoirs  to  dei>osit  suspended  insoluble  matter. 

^'  siiline  solutions  are  nr)t  always  free  from  impurities ;  in  considering  their  admixture 
Miiiv  Ik."  dividf-d  into  two  claH«eM ;  tlio  first  eoiitainiupr  sulphate  of  magfncsia  or  soda, 
thloride  of  iiiaj^osiiini ;  the  other  <;lass  embraces  brine  containing  the  chlorides 
inm  and  magnosium.  If  the  brine  hapiKMis  t<>  pass  through  poaty  sr^il  or  layers  of 
,  there  often  accrues  organic  matter,  humic,  crenic,  and  apocrenic  acids. 


im 
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*^'*Si'fiS^imur^'^      *^'^is  operation  is  duplex  and  consiBts  in— 
a«  Concentrating  tlio  brine. 

a.  By  increasing  the  quantity  of  salt. 
^.  15y  decreasing  tlio  quantity  of  water. 
S.  TIjo  boiling  down  of  the  concentrated  brine. 
oniMiitniiiiR  tb«  iirinr.      Xutive  brines  or  salt-springs  seldom  contain  onougli 
Gult  to  make  it  jn-ufi table  to  boil  them  down  at  onco ;  it  is  consequently  nee 
onrich  the  brine,  and   this  may  bo  done  cither  (a)  by  dissolving  in  it 
or  crude  ©ea-ealt,  neither  being  suited  fcr  culinaiy  and  many  other  imqwij 
roliiiod,  or  O)  by  deci-easing  the  quantity  of  water  without  the  use  of  fuel. 
Enrtciiinit  by  Oftiiiu  .11.       The  euiiching  or  concentration  of  a  brino  by  decrci 
quantity  of  water  it  contains  is  called  a  gradation  j>riK.'e.<rt,  and  may  bo  j 
with  by  frt^e/irtg  oil'  the  water  in  winter  time,  or  moi-e  genemlly  by  evapor 
water  by  a  trui*  gradation  process ;  either — a.  Gradation  by  the  eflect  of 
rayis.     h.  Table  gradation,     c.  Hoof  graihition.     d.  Drop  gi-adation. 

Gradation  by  menus  of  the  smi's  rays  is  obviously  the  wiino  mothofl  of  pre 
t^t  de»»cribe<i  ttmU-r  tlio  trcatniunt  of  soa-wdt.  Ttihli'  ^rndatiou  ha8  bivn  (»ii 
ment&Uy  trit^  ar  Kriilionliall,  and  consitjit^  simply  in  (•aiisin;^"  the  brino  to  fl( 
from  a  PMt'rvxjir  <lo\\^l  a  series  of  hteps,  coubtructed  w»  as  to  jl^vc  as  much  surfa 
aible,  and  thus  ba>ten  the  eva}H)ratiou.  litKif  gnulation  is  rtft-etiHl  1)y  utilising 
of  the  l&Fge  tanks  cnutaiiiiii^  the  brine  as  cvaponition  Mirfaces,  by  causing  the  c 
th4»  tanlm  to  fio^-  in  a  tldii  but  constaut  stream  over  the  roofs,  which,  of  c 
expoaed  to  the  t^inn  air. 

f^ifuioradttt'ofl.  This  ojK^r.ition,  also  knoTiTi  as  drop  gradation,  is  carri< 
meanaof  thefulli)wiiig  apparatus,  tenned  gradation  hou.se,  and  consisting  of 
work  of  timber,  iittod  with  faggots  of  the  wood  of  rninua  sjyinma,  whi 
thorny*  presents  a  laigr  surface.  The  entire  construction  is  built  over  a  wj: 
wooden  lank,  which  receives  tho  concentrated  brine,  and  frequently  tl 
th^  gradation  h<>ii.>«'  is  jaovided  with  a  roof.  Under  tho  roof  and  alH)V0  tli 
a  water-tight  tmik  is  placed  containing  the  brino  to  be  gradated;  thi 
provided  with  a  iiiiinl)er  of  taj^s,  from  which  the  brine  trickles  into  chaimels 
with  holes  to  mliiiit  uf  the  la-ine  falling  on  the  faggots.  Tlieso  taj»s  a: 
on  both  siiloa  of  the  gradati«)n  house,  and  ai*e  geneitiUy  connected  with 
admit  of  being  leadily  turned  on  and  oil"  from  In-low.  The  gradation  pnxe 
titiued  imtil  the  laiue  is  suliiciently  concentrated  to  admit  of  being  furth 
rated  by  the  aid  of  fuel ;  the  brine  may  be  gi-.idated  to  contain  26  jk-T  cen 
but  tho  oponitiun  is  rarely  carried  so  far. 

The  gradation  jinuess  m»t  only  seiTcs  the  purpose  of  concentration,  but 
of  purifriiig  tht!  brine,  as  some  of  the  foreign  salts  are  dei»osit«.'d  on  the  fag 
dL[.<-ir  1  I  .HUM- varying  in  composition  acconling  to  the  constituents  of  t 
but  1  LrUv  iA>!i>i>ting  itf  earbonate  of  lime,  with  tho  suli)hates  of  potassa, 
3ai+4^[w*iLa.  Thi.  d«'pi'sit  has  in  some  instances  b*'en  used  as  manun*.-  In 
^hore  the  gniilat«'»l  brine  is  collectetl  another  slimy  deposit  is  graduall 
consisting  of  g^j  >um  and  hydrattMl  oxide  of  iron.  As  in  the  jiresent  day 
obt*iitkfHl  fhtxii.  buii'd  \\ells  is  geutTally  suftieit'utly  concentrated  to  Ix*  at  oi 
down,  gradatitm  is  h'>s  fre<iuent,  being  a  very  slow  pivcess  and  involving 
the  Ntlt  otirned  olf  by  the  wind. 

Ootiiiif  duitti  iIh  ikinr.  The  objj.H't  is  to  obtain  with  the  least  possible  exi)ei 
hktil  th^  krge«l  quantity  of  puro  dry  salt.  Foi-merly  tho  ovai)oration  was  < 


COMMON  SALT. 


169 


f  large  cauldrons*  but  at  the  present  time  eTaporoting  yessels  are  constructed  of 
I  rin'tted  boiler-plate,  the  shape  beiug  recta ng-ular,  the  length  10  metres*  dc^pth 
5  motrp,  iinci  width  from  4  to  6  metres.  These  pang  are  supported  by  masonry, 
hXbo  8en''es  to  sepai-ato  the  flues.  Over  the  imud  a  hood  is  fitted  and  con- 
Btijd  with  a  tube  carried  to  the  outside  of  the  building  to  afford  egress  to  the 
The  brine,  concentrated  to  contain  from  18  to  26  per  cent,  of  salt,  is  poured 
)  tlie  punj4  to  a  depth  of  0*3  metre, 
mfke  boiling  down  process  is  in  many  salt  works  conducted  in  two  different  opera- 
tioui: — 

0,  The  errapomtion  of  water  to  produce  a  brine  saturated  at  the  boiling-poiiit, 

k  The  boiling  down  of  the  saturated  brine  until  the  salt  cryatalUses  out. 

boiling  down  is  generally  can'ied  on  for  sevontl  weoki*,  the  scum  being 

tJ,  and  also  the  gypsum  and  sulphate  of  soda  deposited  at  the  lx>ttnm  of  tlie 

tt  with  p<n-foratod  ladlcjs.     As  soon  as  a  crust  <:>f  salt  is  formed  on  the  surface  of 

» liquid  >  a  tijraperaturo  of  50*  is  maintained.     At  this  stage  the  salt  is  gradually 

I  at  the  bottom  of  the  pan  in  small  crystals,  and  being  remored,  is  put  into 

I  willow  ba.^ots,  which  are  hung  on  a  wooden  support  over  the  pan  to  admit  <*f 

Imether-liquor  being  returned  to  it.  Finally^  the  salt  is  dried  and  packed  in  casks. 

\  of  mothpr-liquor  collected  after  boiling  for  Bomo  two  or  threr*  weeks  is 

the  qimntity  of  brijio  ovaporatc^i^  very  small ;  it  was  formerly  thrown  aw«y 

Kd  itti  Uithft,  but  iR  now  employed  for  the  preparation  of  chloride  of  potu!*^ium»  tlie 

'utes  of  soda  and  magnosisi,  artificial  bitter  water,  and  in  some  infltauer-s  for  pre* 

»minp.     It  U  evid^^ut  that  by  the  boiling  down  all  the  salt  contiinM  in  thi>  brine 

need  Hi  dry  refined  *«alt,  a  portion  being  rotaincd  among  tlie  early  depy<it  fomi?d 

ttom  of  the  pan,  another  portion  remaining  in  the  njothcr-licpior,  and  finally 

I  accrue*  from  the  nature  of  the  operattonfl,  araounting  goneraUy  from  4  to  9-25 

As  in  *»3me  countries  salt  is  an  article  upon  which  an  excise  duty  is  l(*vieiC 

that  it  may  be  employed  daty  free  for  cert^iin  indnjitrial  purposes,  it  la  mixed  in 

I  pfoportiona  with  substaucGs  rendering  it  unfit  for  culinary  u»e. 

*  aSf.^""^*"*  Chloride  of  sodium  crystallises  in  cubes »  the  size  of  the  cryi^taU 
nining  the  yarieties  known  in  the  trade  as  ooarso,  medium,  and  &ic»  grained 
I  and  depending  upon  the  mte  of  evaporation  of  the  brine,  a  slow  evaporation 
pacing  wry  e^arse  salt.  Perfectly  pure  common  salt  is  not  hygroscopic,  but  the 
salt  of  commerce  contains  small  quantities  of  the  chloride  of  mague-sium 
Imodium.  Usually  salt  contains  from  2*5  to  5*5  per  cent,  water,  not  as  a  constituent, 
an  iutt'nnixture  ;  bonce  ihu  phenomenon  called  decrepitation,  dui*  to  the 
f  up  of  the  crj^stals  by  tlie  action  of  the  steam  when  salt  is  heated.  Ignited 
ttg  red  heat  chloride  of  sodium  fuses,  forming  an  oily  liquid,  and  at 
fitnmg  white  heat  is  voIatUised  without  decomposition.  Common  salt  ij*  rejidily 
liable  in  water,  and  is  one  of  the  few  salts  almost  oquaUy  soluble  in  cold  and  in 
>ol  water;  100  parts  of  water  at  12''  dissolve  35*91  parts  of  common  salt. 

I  order  to  express  the  quantity  of  salt  contained  in  a  brine,  it  is  usual  tw  say  the 
« i*^  of  n  particular  fineness,  strength,  or  percjcntage ;  for  instance,  a  brine  at 
1 1  on  til  ins  in  100  parts  by  weight  15  parts  of  salt  and  85  parts  of  wntei* 

4  or  degree  of  a  brine  means  the  quantity  of  water  M'hich  hohLs  in  sioln- 
Lt  part  by  weight  of  salt;  a  brine  of  15*6  GrMightU  contains,  tlierefore,  1  part 
reight  of  common  salt  in  15*6  parts  of  water.     The  poundage  {P/iindigknt)  cf  a 
rine  indioatoa  in  pounds  the  quantity  of  salt  contained  in  a  cubic  foot  of  brine* 
be  following  table  shows  the  percentage  of  salt  contained  in  brines  of  the  several 
ic  gravities: — 


170  CHEMICAL   TECBNOLOQY. 

Salt  per  cent.         Sp.  gr.       Salt  per  cent.         Sp.  gr.        Salt  per  oent       8p.  gL 


X 

I -0075 

7-5 

1-0565 

16 

I-I206 

1-5 

i'oii3 

8 

1-0603 

17 

Z-I282 

2 

1*0151 

8-5 

1-0641 

18 

i'i357 

2-5 

I -0188 

9 

1-0679 

19 

I-I433 

3 

1-0226 

9'5 

I -0716 

19-5 

1*1510 

3*5 

I '0264 

10 

1-0754 

20 

1-1593 

4 

1.0302 

10-5 

1-0792 

2Z 

1-1675 

4*5 

1-0339 

II 

1-0829 

22 

1-1758 

5 

I-0377 

II-5 

1-0867 

23 

1-1840 

5*5 

1-0415' 

12 

1-0905 

24 

1-1922 

6 

1-0452 

13 

1-0980 

25 

1*2009 

6-5 

1-0490 

14 

I -1055 

26-39 

1-2043 

7 

1-0526 

15 

1-1131 

uw«  of  Common       ^t  is  not  neccssaiy  to  enter  into  particulars  on  this  fmbject.    Salt  is  und 
>^^-  as  a  necessary  condunent  to  food ;  a  man  weighing  75  kilos,  contains  in  Ini 

body  0'5  kilo,  of  common  salt,  and  requires  annually  775  kuos.  to  maint>ain  this  sopp^* 
Common  salt  is  used  in  agriculture,  and  is  as  necessary  for  cattle  and  horses  as  for  muk 
It  serves  industrially  in  the  preparation  of  soda,  chlorine,  sal-ammoniac,  in  tanning,  m 
m^vny  metallurgical  processes,  the  manufacture  of  alimiinium  and  sodium.  Further,  it  ii 
cmployeii  in  the  glazing  of  the  coarser  kinds  of  pottery  and  earthenware,  from  the  fact  tint 
when  common  salt  is  fused  with  a  clay  contauiing  iron,  the  sodium  is  oxidised  it  tkf 
expense  of  the  iron,  and  forms  soda,  wliich,  combining  with  the  alumina  and  silica,  flB^ 
plies  a  glaze,  while  the  iron  combining  with  the  chlorine  is  volatilised.  Tlie  uses  of  oommfli 
salt  for  the  preservation  of  wood,  for  curing  moat,  preserving  butter,  cheese,  &c.,  are  \» 
well  kno^i-n  to  require  explanation.  Among  the  salt-producing  countries  of  Europe,  £d|^ 
land  takes  the  lead,  producing  annually  32,400,000  cwts.,  whUe  Grermany  only  piodnoei 
10,  and  Kussia  20  niimon  cwts. 

MANUFAcnrKB  OF  Soda. 
(Soda  or  Sodium  carbonate,  Na2C03  =  io6.     In  loo  parts,  58*5  parts  soda  and 

41-5  parts  carbonic  acid.) 
Soda.       All  the  soda  commonly  used  is  derived  from  the  three  undermentionied 
sources : — 

a.  Natural  or  native  soda  ; 

/3.  From  plants ; 

y.  Chemical  production. 

fl.  Native  Soda, 

^***^*"tSj!f  ^*"^  ^^^  ^3  found  in  many  mineral  waters,  as  at  Karlsbad,  where  the 
waters  j'icld  annually  133,700  cwts.  of  carbonate  of  soda,  and  at  Burtscheid,  Aix* 
la-Chapello,  Vichy,  and  the  Geyser,  in  Iceland.  Soda  occurs  as  an  efiflorescence  oft 
some  kinds  of  rocks,  chiofly  of  volcanic  origin,  as  trass  and  gneiss.  Sesquicarbonat« 
of  soda,r30sNa4  +  3ILO,  is  met  with  in  large  quantities  in  the  water  of  the  so-called 
soda  lakes  of  Eg\'pt,  Central  Africa,  the  borders  of  the  Casi)ian  Sea  and  Black  Sea 
in  Cjilifomia,  Mexico,  and  elsewhere.  During  the  hot  summer  season  a  portion  c 
the  level  country  of  Hungary  is  covered  with  an  efflorescence  of  carbonate  of  sodi 
locally  known  as  Szekso^  which  is  collected  and  brought  to  market.  The  Egyptia 
name  for  soda  is  Tro-Xa,  iionce  the  German  term  Natron,  The  soda  locally  kuo^ 
in  Columbia  as  Urao  is  obtained  from  a  lake.  La  Lagunilla,  distant  48  miles  fro 
^e  town  of  Merida.     During  the  hot  season  the  urao  crystallises  from  the  watc 
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•thered  tifym  tiie"  bottom  of  the  lake  at  a  depth  of  3  metres  by  diTers,  with 
ik  of  their  lives;  tb^  annual  quantity  colloctGd  nmoxmU  to  1600  cwta.  Whon 
liiiLrdt;  were  in  poss^^esion  of  this  territory  tho  urtio  was  a  g^overnment 
r,  and  WHS  brought  to  Venezuela  for  iho  preimratiou  of  Mo  or  ins[»ift8at©d 
juice.  Very  recently  an  inexhaustible  supply  of  native  soda  has  been 
i  Virginia/ 

\m  theories  have  been  proposed  to  ejq}Iain  the  ori«;iii  f,»f  native  soila,  but  here 
ler  instances  it  is  best  to  bear  in  mind  that  a  prmse  ad  is^e  nott  vttid  ronrhtsw, 
Boda  ia  rai'ely  exported  from  tho  c<>un tries  where  it  is  found  and  collected^ 
>g  the  Egyptian  Ti"0-Na,  which  is  brought  to  Venetia  for  ghuss-making 
I  and  met  with  in  the  trade  in  the  shape  of  bricks  made  up  with  sand* 

II  p.  Soda  from  Plants^  or  Soda^ash, 

JJ^^  When  treflting  in  a  former  chapter  of  potassa  wo  saw  that  the 
^.  ciispecially  of  those  gi-own  at  a  coiisid»fnil>le  distance  from  the  sea, 
onrVmate  of  potasea;  likeis^se  that  plants  grown  near  tho  sea-shore  and  in 
jti^  known  as  iialt  pteppes  yiokl  an  ash  which  contains  more  or  less  soda 
ring  plant  combined  with  sulphuric  and  or^iiic  uvhU,  and  which  under  the 
•  of  tho  carbonate  of  liaic  is  during  the  ignition  of  the  plant  converted  into 
*?  of  8<Mla,  In  addition  t^i  the  spocios  of  Factts  growiu":  in  the  sea  itself, 
trtk  known  as  SaMa,  Atrij/lej;,  Sulh'^irnin^  &c,,  are  empluyod  for  the  pre- 
of  goila,  and  until  lately  were  lar^ly  cultivatt'd  for  this  purpose.  The 
vS  obtaining  soda  from  these  plants?  simply  consLsti  in  burning  thum  in  pits 
ae  sand  near  the  sea-shoiie,  the  bwit  of  the  combustion  becoming  so  intense 
jKi  the  afih  to  flujc,  so  that  after  cooling  tho  material  forms  a  hard  akg-lik© 
rraed  in  the  trade  crude  soda  or  sodti-ash,  thfi  rpmntity  of  carbonate  of  soda 
ri>j  varying  from  3  to  30  per  cent.  This  new  material  is  refined  by  exhausting 
er  and  evaporating  the  liquor.  From  the  ditferont  plants  and  modes  of 
ion  employed  we  obtain  the  following  distinctions  io  kind: — 

lia,  from  Alitiante,  Mnlag^,  Carthagena,  the  Canary  iMUntls,  «nd  tho  BttrQlA  soda 
tda]  prr^uced  on  the  Spanish  coftst ;  contains  on  an  awragc  from  25  in  30  per 
ar1xintt*e  of  soda. 

lor,  or  Boda  from  Karhoanc,  obtained  by  the  ignitton  of  the  Saticomta  anmut^ 
uiposely.  and  gathered  when  the  seed  iinpe;  contains  ahont  14  parfcs  of  carbonate 

-„,it .     .  .1,  *^  ,,^  Aigiie9-Mort«i^  prepared  from  the  plrints  growing  wild  00 
rrrn  1.*iud  lying  IxK-cen  i\igues-Mortc«  and  Fnmtijnjan,  xvR.^ 
,  tratfUM^  Sui^nltt  ka/t^  Sttttir^  litnoniNm,  AtripUx  portulmett%dti9, 
i  niii-i  iruia  3  to  S  per  cent  of  i^odic  tfwirbtmate. 

*f  «>iont  the  aame  valao  lift  th*'  pn^oeding,  is  largely  used  in  Sonth«ra 
oiiil  from  plants  of  the  mountmu  plateau  of  the  Araxcs  in  ArmcniA, 

'   I  [i.irf'd, 

i  vt  u  than  the  preceding  is  the  VtJrfc  jtwia,  obtained  on  the  coasts  of 

ittjiny  frinn  thty  ^o'f  nuffu  FneH^  reiicHhutt*, 

,  uiH\  in  ivxitland  and  tlie  Orkneys  by  the  combustion  of  vurious  sea- weeds, 

/*.  nfidoMtt*,  Lamiuaritt  difjifata^  at*d  Zoiatrm  mftrihii.  N4>twith«tftTtdinjBr  that 

ried  plants  only  yield  20  owts.  rf  kelp,  containin;;?  no  more  than  from  50  to 

tic  carhonate,  20,000  people  are  occupiotl  iu  the  Orkneys  alone  in  the  prepara- 

^Ip. 

\ng  th«  varieties  of  wda  derived  from  plants  may  be  mentioned  that  obtained  in 
bilo  quantity  from  the  viuainse  of  be«t>rout,  hut  tins  sod%  according'  to  Tiasandier*a 
I  oontains  carbonate  of  potjissa. 

•  See  '*  Chomioal  News,"  vol.  xxi,  p.  139^ 
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y.  Soda  prepared  by  Okemic/U  Procfsus^ 
"^^  fi^iSS"*^      ^r,  Leblanc>  tho  inventor  of  the  siicoossfnl  method  of  c^inrertmf" 
common  salt  into  curbonate  of  sodn,  may  md^jtHi  bo  considered  iia  au  imiuui 
benefactor  to  his  eountxymon,  who,  until  tho  latter  half  of  the  Wt  century,  i 
paid  20  to  30  inillious  of  fmm*^  to  Si)ain  for  barilla.     Tho  war  which  broke  out* 
1792  termintittKi  tho  iniportution   of  soda,  potash,  and  saltx>etre  into  Fni!K'»s  1 
honco  the  Comite  du  Saliit  Pulilic  (Wn'o^ni  in   1793*  amonj^st  other  moasiiroij 
all  8oda  manufacturers  should  ^'ivo  th^  fiilkat  particuhirs  of  their  inodo  of  w^rli 
and  tho  proi'esiscj*  thoy  iinuci^ineil  mijifht  be  used  on  tho  large  scale  to  obtaiu  1 
equally  good  and  cheap  as  that  fi-om  liarilla  without  the  uao  of  tliat  or  attr  i 
matHrial.     Tho  manufacturer  Leblanc  was  the  first  who  sent  in  fall  ]iariiculii 
this  subject,  and  his  process  was  dofhired  by  the  committee  to  be  tho  best  and  ( 
suitable,  tho  verdict  standing  unshaken  to  tho  present  day,  which  witnessM  j 
improvement  of  the  rotiovery  of  tho  sulph^ir  from  tho  «oda  wasto, 
i^biAtic't  pioccsfl.      This  now  consiBts  in  the  following  stages : — 

a.  The  pn^paration  of  sulphiito  of  soila  from  salt  by  tht?  aid  either  of  .^nlpht^ 
acid  or  sulphates,  or  by  the  roasting  of  common  salt  with  irnn 
other  nativo  metallic  eulphuTOts, 
h  Conversion  of  the  sulphate  int<j  cnido  soda  by  roasting  with  u  iniAiur*! 

chalk  and  small  o<>al. 
c.  Conversion  of  the  crude  soda  into  reEned  soda  or  canstio  soda  by  lixiri 
and  evaporation. 

rf.  Retiovery  of  the  sulphur  from  the  soda  waste. 
©wjoSSSSTrTrnwr.       ^»  The  most  usual  morle  of  converting  common  $alt  into  { 
phate  of  soda  is  by  the  action  of  iulphuric  acid.    The  condenftation  of  th*!  hy\ 
chloric  acid  ga«  is  generally  effected  by  a  method  introduced  in  1836  by  Mr,  G<% 
and  consisting  in  the  use  of  a  contrivance  known  as  c^ke-or  oondeiisia§;*toi| 
Those  are  fiqnai"o  buildings  firom  izIg  14  metrojf?  in  height^  by  an  inb^rior^ 
1*3  to  1*6  metres,  cmit^truct^jd  of  stone  not  artwi  u|K)n  by  hyrlrochloi  »i' 
joints  being  cemented  with  a  mortar  made  of  coal-tar  and  fire-clfty.     To  noafly 
top  these  buildings  are  divided  by  a  wall,  eacli  compartment  thus  formid  ^ 
filled  with  pieces  of  c^ke  resting  on  a  perforated  stone  Hoor.    Water  i»  can 
flow  constantly  from  the  top  of  the  tower  on  to  the  coke.  Tho  hydi-ochloric  1 
resulting  from  the  decompoaition  of  the  salt  by  sulphuric  acid  is  c<mduct»?<l  ljy  1 
of  stoneware  tub:^s  t^  the  bottom  of  the  first  compartment  of  tho  ociiuleiu 
and  thei'O  meeting  with  tho  moist  coke  is  condensed  to  within  95  per  lv 
entire  quantity,  th*^  <jther  compartment  of  the  condensing-tower  b«.Miig  1 
direct  connection  with  the  chimney-shaft  of  tho  alkali- works.     The  deenu 
*  liimacfjs  at  first  in  use  wore  reverboratory  furnaces  so  conBtriicted  tliat  ihtf  i 
ad  goaea  from  the  combustion  of  the  coals  and  the  hydrochloric  acid  ga«  ] 
her,    and   as  a  consequence  the  hot  gases  w*ero  not  in  the   bc«*t  o«« 
for  conden<^«tion»    The  furuaco  now  in  general  use  is  that  invented  in   ift^ 
Goasage,  and  improved  in  1839  by  Qamble,  who  was  the  first  to  arraupe  thd 
phri^es  or  stadia  of  the  decomposition  in  the  separate  compartments,  a  and  E,  < 
^furiiac«t  exhibited  in  Fig»  71.     This  arrangement  has  been  used  for  a  voryl 
riod,  the  alkali  Tnanufucturers  employing  a  revorbonitoi^*  furnace  which  ( 
I  into  uommunication  at  pleasure  with  a  Icind  of  muffle,  the  bottom  conidsti 
I  cast-iron  pbit*.%  the  flame  from  the  furnaco-grate  being  made  to  play  ( 
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iffle  previously  to  euteriug  the  chimney.  Tho  mufEe  communicated  with  a 
Miig^  ftpparatus,  H  yL\  According  to  this  plan  of  workinir,  the  ccrmmon  salt 
iced  in  o,  and  wmII  warmod  sulphiii'ic  acid  made  to  flow  orer  it ;  a  totj'  strong 
wnt  rc^aciion  took  plac*s  and  half  or  nearly  tvro-thirds  of  the  hydrochlono 
1n*>d  was  readily  condensed,  as  it  was  not  mixed  with  th«i  hut  j^iscs  uf  the 
Ai<*n,  Tho  produtt  resulting  from  thLs  mod*3  of  op<^rution  was  a  mixture  of 
uiii  of  soda  and  common  Sidt,  -NaCl  +  112804=  XailHtJ^  +  NaCl  + HO. 
txtni^  was  next  jihovollod  into  the  reverlx^ratory  furnace,  e,  the  mufilo  boing 
barged  with  salt  and  acicL  By  th*3  intense  heat  of  tho  reverhoratorj'  fiimace 
Ktttro  of  bisulphato  of  8oda  and  common  salt  was  eonvertt^d  into  nouti*&l 
^  NaHSO^+NaCl  =  Na^S04  +  HCl;  the  hydrochloric  gas  evolred  ia 
frnition  wasf,  however^  condensed  with  tiifficulty,  in  consequence  of  being 
^*ith  nitrogen,  carbonic  acid,  and  carbonic  oxide;    and  besides  the  con- 
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other  and  complicated  apparatus  weno  required  to  provent  tho  escape 
Into  the  air.     These  delects  haye  been  remedied  in  the  construvtioxi 
ve<l  decomposition -furnace. 

(i«p»*puni#««.  This  furuace  consists  of  two  muffles,  one  of  cast-iron,  the 
bricks ;  tho  interior  of  the  former  is  a  segment  of  a  hollow  sphere  of 
r  274  metres  dinmeter.  aijd  1  foot  9  inches  or  0*52  metre  deep,  resting  on 
)rk.  A  cast-iron  lid  is  provided,  in  shape  also  a  segment  of  a  sphere^  having 
jn  tho  centre  of  i  foot  or  o'30  metre ;  in  this  lid  are  arranged  two  opouiugs 
lablo  doors,  through  one  of  w^hich  the  common  salt  is  introduced,  while  the 
rint«unicatij3  with  the  «»cond  muffle.  Tho  hearth  U  placetl  obliquely^  tho 
fi  Tig  on  the  lid,  ami  then  passing  under  the  mutlle;  iK^ordingly  th© 

li  i  gns  is  unmixed  with  other  gases,  and  its  temperutmu  being  uom- 

lly  low*  condensation  is  moi-e  rea<iily  effected.  Tho  second  or  brickwork 
^rIo«»es  a  spftce  of  30  fct?t  or  9*14  metres  in  length,  by  g  feet  or  274  mt^res 
i ;  under  the  floor  of  this  room  a  aeries  of  fiues  or  channels  are  built,  while 
is  fonncnl  of  a  double  vault  to  admit  the  circulation  of  tho  ilauies,  which 
\  conducted  through  the  channels  under  tho  floor. 
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The  mod©  of  operation  is  as  foUo  ws : — ^Into  the  iron  nraffle,  previously  Tirell 
half  a  ton  of  common  salt  is  iiitroducf?d»  to  which  is  added  sulphvuie  add  of  1*7^ 
the  quauttty  of  the  acid  heing  regulat*^  so  as  to  ]oave  i  to  3  per  cent,  of  sal 
composed  in  order  to  obtain  a  perfoctly  neutral  sulpha te«     100  purtfi  of  salt  i 
for  their  c*>inpleto  decomposition  95  parts  of  an  acid  at  60*  B»  =r  17  ffp^ 
104  parts  of  an  acid  at  55^  B  ^1-62  ep*  gr.    The  mixture  of  acid  and  salt  is  oO( 
aUy  well  stirred,  and  after  the  htpse  of  i  J  hour  has  become  snfficiently  dr] 
raked  over  into  the  brickwork  compartment  of  the  oyeu,  which  is  kept  at  a 
red  beat  to  aj^sist  the  expulsion  of  the  hydix)ehlonc  acid  gas.     If  it  is  dd 
obtain  a  concentmted  hydrochloric  acid  solution »  the  escaping  gas  must  be 
down  before  entering  the  condcnsing-towers.  There  is  generally  a  valve  or  d 
by  which  the  communication  betw»>en  the  two  muffles  may  bo  closed,  in  ord| 
the  hydrochloric  atid  gtia  evolved  in  each  may  be  separately  collected  and  oooq 
With  these  conti'ivances,  and  well  consti-uct4:d  condensers  supplied  plentifull 
water,  the  preparation  of  sulphate  of  soda  maybe  carried  on  witbout  anyinoO) 
encse  to  the  neighbomhood  in  which  tiie  worksj  are  situated.  For  more  tliJin  | 
years  Me^'irs.  Tenrmut,  of  Glasgow,  have  employed  this  kind  of  furnace,  decos 
500  tons  of  common  salt  per  week  without  receiving  any  complaints.  On  ths 
nent,  alkali^works  are  legally  compelled  to  have  the  deoomposition-famafll 
strueted  according  to  a  plan  first  brought  out  in  Belgium,  and  which  is  very 
to  the  furnace  ah'oady  described.  The  assertion  of  Dr,  Wagner,  in  his  origia 
concerning  the  many  complaints  now  arising  in  KiigUind  in  referonco  to  tba] 
of  hydrochloric  acid  fumes  from  alkali-works,  is  altogether  unibunded,  the  li 
that  accjoixling  to  the  published  reports  of  the  Ln9j)octor,  Dr.  Angus  8mit] 
the  Alkali  Act,  nearly  all  the  manufacturers  condense,  instead  t>f  95  per 
hydrochloric  acid,  as  require^l  by  the  Act,  from  97  to  98 '5  per  oont* 

'^'''iSi?c?ii^B<SS?**"'      ^*  III  c>rder  to  cumvert  the  Bulphate  of  soda  into 
raw  Bodic  ciirbonate,  the  foi-mor  salt  is  mixed  with  chalk,  or  someti 
slaked  limo  and  small  coal,  and  this  mixture,  fused  in  a  reTerberatory 
According  to  Lebhinc's  directions,  the  proportions  are — 

Sulphate 100  parts 

Chulk..       .,      ..      .- 100     ,, 

Slaked  lime         .,      ..      ..      ..       50     ,, 

but  the  quantities  as  employed  in  ten  different  works  vary  for  100  ports  of 
from  90  to  121  jmrtri  of  chiilk,  and  the  quantity  of  Bmall  coal  from  40  to 
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In  iome  ilkali-works  iux  a  portion  of  the  chalk  is  substituted  the  desul|»hufi 
lixiviated  soda  waste.     The  reverberatory  funuice  generally  used  in  KngL 
works,  and  technically  known  as  a  hailing /urnacCj  is  fthown  ia  Fig,  72,  1 
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[  in  Gennftny  in  Fig.  73,  In  Eogland,  the  materialH  having  been  first 
ttt^on  the  upper  ^tago  of  the  furnace  by  the  waste  heat,  only  remain  in  the 
"kifty  /urrtact  (mt^  Fi^,  72)  for  about  half-an-hour;  in  German  works  the  mixture 
f  8ulphat«,  ciialls,  anil  t>maU  coal  ia  etrougly  heated  in  3*  («e«  Fig,  73),  until  the 
pji  1-^8  Huxi'd  and  pusty,  and  lambent  Barnes  of  burning  carbonic  oxide  are 

>  the  eurfare.     When  thia  ia  seen  the  semi-fluid  maas  is  remoyed  from 
)  through  the  openings  P  V,  and  transferred  to  an  iron  car^  c,  where  it  is 
Pcool 

'It  is  difficult  to  say  whether  the  English  or  Contimfntal  method  is  the  more 
ahle;  viewed  fi'om  a  thiH>retical  point  of  view,  it  would  appear  that  the  English 
is  the  bettor  of  the  two.     As  in  English  works,  a  smaller  quantity  of 


kls,  Miily  abuut  7  cwta.,  while  in  Contiiiontnl  works  from  30  to  70  cwts,,  is 
1  upon  at  a  timoj  the  lal>our  is  lighter ;  the  materials,  too*  are  not  exposed  to 
se  heat  for  a  long  periwl ;  thus  a  loss  of  soda  by  the  volatilisation  of  tho 
I  is  less  likely  to  occur.  According  to  Wright^a  investigations  (1867),  the  loss 
f  loda  by  the  conversion  of  the  sulphate  amounts  to  20  per  cent,  of  the  sodium 
atilblxl  in  the  sulphate,  as  shown  by  the  following  figures  :— 

Undecorapo8<>d  sulphate  , .      ,. ••     3^49 

In^dublo  sodium  compounds 5*44 

Volatilisation  of  the  Bodium 1*14 

8<^iium  rcrtained  in  the  waste         3*61 

Loss  occasioned  by  the  evaporation  of  tho  liquors    , .     6*56 


20-24 

fUmttK         ^  '^5-5  ^^^^^  *^^  Ru8«eU  suggested  a  contrivance  which  dia- 

8wi  wi^  the  stirring  of  tho  mnterialsby  manual  labour,  and  consisted  of  a  cyhn- 

i  Tftssel  made  to  rotate  on  a  horizontal  axis.     Stevenson  and  Williamson  im- 

upon  this  idea,  and  acconling  to  their  plan  of  working  (see  Fig,  74)  the 

>  of  sulphate,  chalk,  and  small  coal  is  placed  in  the  iron  cylinder^  a,  lined 

\  ftro-clay.     Ribs  or  railj*,  B,  cast  on  tho  cylinder,  run  on  the  wheels,  c,  receiving 

tion  from  niacljincry  with  which  they  gear,  and  causing  the  cylinder  to  rotate* 

!  hf^tttod  air  of  the  hearth,  D,  Hows  through  the  opening  E  into  the  cylinder,  and 

I  tlirough  F,  reaches  tho  vault^id  compartment,  g,  and  is  c^irried  off  by  the  flue, 

» the  chimney.     The  interior  of  the  cylinder  having  lieen  hcattxl  to  redness^  the 

als  are  allowed  to  fall  into  it  from  the  waggon,  J*  tlirough  tho  funnel*  H. 

be  lapse  of  ten  minutes  the  cylinder  is  cAUse<l  to  make  a  half  revolution,  and 

tlei\  for  five  minutes,  the  operation  beiog  continued  until  the  mass  inside  tho 
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cylinder  fuses,  which  t4ike8  place  in  alxjut  hiilf-an-liour.    The  cjliudi^r  is  thm^ 
(wutinuotialy  in  motion  6i>  as  to  niake  one  revolution  every  three  minates, 
progress  from  time  to  timo  is  watched  through  a  doar-wny  eonstructed  in  1 
cyhnder,  and  qb  soon  as  the  operation  is  complete  the  molt4?n  miiBs  is  run  off  t 
thi'  opening  u'.    There  can  he  no  doubt  that  the  rotatctry  fui-naeo  is  a  g:roat  imp 
ment,  and  one  which,  besides  saving  labour,  prevents  a  loss  of  soda  by  v61iiti 
tion.     A  cylinder  ii  feet  long  and  7*5  feet  in  diameter  converts  in  two  houxsl 
cwta,  or  700  kilos,  of  sulphate  at  an  expenditure  of  only  2s.  id. 

Fio,  74, 
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The  comi>Ottition  of  the  cfud**  or  hall  soda  t-M  ajfp:i 
fJarbonate  of  St»dn 
Sulpliuret  of  calcium 
Caastic  lime 
Carbonate  of  lime 
Foreign  nubfltiuuseB    , 


.  45 
.  30 
10 

5 
10 

too 


In  thifl  ooimkjr  ^90  qnantities  of   soda  ash  are  used  in  glass-maHngr,  soap-h 
bletR'hingi  and  other  operationB. 

****^ci2dlf'^^*!**        c.    Conversion  of   crude   into   rofineil  soda   by  Ex^iviati(m| 
evaporation,    ci,  LixiiHation  of  the  crude  soda.   When  the  crude  .*jothi  w  actedl 
by  water  there  j-esults  a  solution  containing  chiefly  carbonate  of  eoda,  andal 
remaining  undissolved  knfiwn  as  1*0 da  waste.     100  parts  of  raw  ©odu  yield  l-^  \ 

Soluble  matter    ..      .,     45*0  parts 

Soda  waste ,     587    ,, 


1037     ,» 
As  a  rule  English  ball  soda  has  a  deeper  colour,  and  contains  more  curb 
ilie  so*la  of  Continental  munufactitro.     Ball  soda,  previously  to  being 
usually  exposod  for  at  least  two  and  sometimes  for  ten  days  to  the  action  ©f  1 
to  gum  in  {K>r<isity,  and  hence  be  more  rcatlily  acted  upon  by  tho  wjittir. 

Of  Ihf  iievera]  nifethods  of  lixiviation  projMJsed,  and  in  more  or  les;^  ":ltil( 

on  thtj  lurge  Hcalo,  mivy  be  mentioned  the  fi*llewinf^:— The  mi:thr>d  ot  ri  bj 

siinjilo  tiltrutiou  is  not  t*i  be  n.'commended  on  account  of  the  ^mi  labour  it  rt^juirw 
but  the  process  consi»tji  in  putting  the  crude  soda^  previously  brokf-n  up  into  lazDf 
of  suitable  size,  into  tanks  provided  with  a  perforated  falee  bottom,  upon  whieli  II 
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id  placed,  water  boing  poured  on.     THte  airangeinent  is  repres  tited  in 
75,  A,  B,  C,  D.    Tht?  perforutotl  false  bottom  is  about  25  ceDtims.  from  the  liottoni 
tiinks.     The  wooden  channel,  K,  8u»p«nd«d  frt;m  the  coiling  of  thu  slitd  by 
b«])df«i  P  f',  conreye  water, 
iehbTmeansofthcplufrs,^f',atid  ^^^  75- 

bo  let  into  tho  tanks^  those  ^J*  ,^|*'  i,F  i.T" 

l|r  provideil  with  t^ip*,  r,  r\  atid 
r  which  the  liquid  can  be  run  off 
B  the  channel,  K'.  ToilluMtTateth© 
rfH#  operandi  tliree  tanks,  A,  B,  c, 
m iflifficient ;  A  is  filled  with  fiesh 
soda,   B  with  ball  soda  onrr*, 
lewitii  ball  soda  twice  lixiviuted. 
iti  by  filling'  each  tank 
\i\.  -r  which  has  been  used      ^  .  ^       ^    /^  ^     ^-^  ^  ;  Y 

rmuihm^  the  soda  waste  the  la^t 
I  Wure  tin-owing:  it  aside;  this  liquid  renjavns  iii  each  tank  for  a  period  of  eight 
"»,  and  the  alkaline  ley,  which  then  rnatb*  30^  B.,  ia  nm  off  from  A,  and  the 
iatioa  n?peatt*d  with  weaker  liquors  in  B  and  c,  the  leys  l>eing  all  convoyed  to  a 
» re»<er\oir,  the  contents  of  which  mark  25'  B.     Fresh  liquor  is  poure«l  into  A 
I B,  and  into  D,  which  ia  fill^+d  with  ball  soda.     By  thia  arrangement  a  constant 
f)ly  of  l«y  at  25'  B.  is  kept  up* 
onue«i'8  lixiviatitm  apparatus,  Fig.  76,  t'^nstHta  of  a  scries  of  twelve  to  foui"teon 
.  of  which  only  five,  a,  h,  c,  l>,  E,  aro  exhibited  in  the  woodcut.     By  means  of 
I  bent  tnl>ea,  fitted  about  15  centima.  from  the  bottom  of  each  tank,  tho  liqnor 
into  the  next  lower  tank  of  the  series,  and  ao  to  the  tanks,  F  r ,  called  the 
dog  or  settling  tanks,  of  which  there  are  six  connected  tojfethc  r  by  tubes*     The 
i  to  lie  lixiviated  is  groxmd  to  powder,  and  plan-d  in  the  perforated  sheet- 
els,  e  e^  a  d,  and  so  on.     At  the  comm^en cement  the  tanks  are  filled  with 


pUL^    .4    ^ 

m 

Fig.  76. 

1                 "-^_^_^   :.- 

L^^^ 

1 
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iM 

I  watf'r,  and  two  perforated  vessels  placetl  in  E  filled  witli  50  kiloB.  of  ball  sotla; 

'  twunly-five  minutes  these  vesselb  are  removeil  to  d,  and  others  filled  with  fresh 

placed  ill  B.    In  this  manner  the  operation  proceeds,  so  that  after  eight  hjonrs, 

Irnirtef^n  Ux:iviation  tanks  are  worked,  there  are  found  in  A  perforated  veisdela 

ch  have  boon  gradaaily  remove<l  from  the  lowest  to  the  highest  tank,  A,  two 
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veAMlB^  //»  havint^  been  removed  from  that  t^nk  and  placed  iipon  the  fihelf,  J 
dnuB,  where  b.wiig  remamLxi  for  about  half-an-boiir  they  are  removed,  thocH>ttU 
emptied,  and  other  Tesscda  placed  to  drain.     Eurb  time  tlmt  two  of  thtj  perfon 
vessels  £iilf*d  vnih  ball  s<jda  arc  placcni  in  the  lowest  tank,  there  is  poiired  into  j 
uppermost  as  much  water  u^  corresiiontb  with  tlie  bulk  of  the  fi'esh  Boda;  titi«i 
(bsplaces  the  beavy  ley  which  runs  through  the  tub^  from  A  to  B»  and  so  on,  utiltl 
laat  the  cj»n cunt  rated  and  nearly  eaturated  liquor  runs  fi'om  e  into  F  F,  whure  i 
Busj^ended  matter  is  deposited.    The  temperature  of  the  liquor  in  these  tanks  i 
bo  frjm  45"  to  50* ;  but  not  hifjjbor,  in  order  to  jirevent  any  decompoaition  of  \ 
sulphide  of  calcium.     The  lixiviation  tankst   as  well  as  the  clearing  taaka, 
provided  with  steam  pip?8  for  the  puiijose  of  keeping  the  liquor  sutticiently  lietill 
and  to  prevent  any  sodii  erystalliaing  out  by  cooling.     It  is  almosst  ovidout  that  t 
method  of  lixiviation  is  the  best  which  can  be  adopted^  as  the  concentrated  liq 
cannot  adhere  to  tho  solid  substance  which  it  is  intended  to  dlssolye,  Irecaiuel 
cson.sequence  of  its  high  sp.gr*  the  liquor  sinks  to  the  bottom  of  the  tank.    Fig.  J 
represents  two  lixiviation  tanks  drawn  to  a  larger  8calf%  and  of  a  somewhat  diffn 
arrangement.     Each  tank  is  divided  into  three  eompartments  by  means  of  a  doi 
partition  wall,  communication  between  the  two  compartments  being  proTided  byi 
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holes  a  and  h  and  the  space  between  the  partition  plates  receiving  the  1 
h  h,  ff  y  ar*'  the  tubes  for  conveying  the  liquor,  and  n  n  the  perforatt^d  ve 
which  aro  rivet  ted  iron  bars  scribing  the  purpose  of  handles.  Mr,  James  Sht 
St.  Uelen's,  was  the  first  to  fnmnd  a  rational  and  economical  plan  of  Hxiviatit^ 
what  is  termed  methodical  filtration,  based  upon  the  fact  that  a  solution  bi.Hx>mi«ii 
dense  the  more  saline  matter  it  has  in  solution,  and  that  a  column  0/  weak  Icyd 
certain  heifrht  oquilibratea  a  shorter  column  of  a  strrjnger  ley.  In  accordaniie  1 
this  printipU%  the  t^iuki?,  four  or  eight  in  ntimber,  are  plftwd  as  nhown  in  Fig. fVj 
and  through  them  water  is  caused  to  flow,  exhausting'  the  crude  soda  in  it«  ] 
and  becoming  consequently  denser  in  each  consecutive  tank  of  the  eeries ; 
the  level  of  tho  liquid  ia  lowered  in  each  tank  from  the  first,  which  containa  | 
water,  to  the  lar^t,  from  which  a  saturated  ley  runs  off.  The  length  of  the  tftQk»i»J 
26  metres  by  2  metres  in  depth  j  F  i^  a  perforjited  false  sheet-iron  bottom  ^ttppcdAl 
by  iron  bars.  From  tho  bottom  of  each  tank  an  open  tube,  T,  the  lower 
being  cut  diagonally,  and  at  tho  top  a  smaller  tube,  t,  soldered  on,  connect  t 
Tho  water  pipes,  r  r  r  r,  fitted  with  tap*  are  phieed  to  admit  of  witt- 
supplic^d  to  each  tank ;  by  means  of  the  taps,  R  R',  the  ley  can  be  run  oit  inUtl 
channel,  if*    Four  Uxiviationa  as  a  rule  suffice.     The  working  is  %3  folloiwa  H 


'79 

Dutnins  baD  aotla  alreatlj^  three  times  lixiviated;  the  liquor  added  to  it  is  a 
verj- we*iks«>dii  »oiutiou  from  a  foiTn»^ro]K'rati*>n,,wbif!h  peiTolatefi  inlothi' second  tank, 
llie  liquid  there  moet«  with  eoda  which  has  bo*n  twice  sabuiitted  to  tho  tixiviation 
n.*6s»  and  next  flows  over  into  the  tiiird  tank,  the  solid  contents  of  which  havo 
I  only  once  provioualy  liativiated*    Finally,  tho  lyo  arrives  in  the  fourth  tank,  in 
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nehfmh  hall  soda  has  b«ion  placed,  iind  from  thib  tank  Hows  into  a  larg^  reservoir, 
B  fir^t  tank  having  been  clcaiT'd  of  soda  waste  is  now  filled  with  fresh  ball  eodA, 
I  Iho  ^uceesaion  of  tlie  operation  reversed  by  the  aid  of  taps  fitted  to  the  tubes 
D'^ctin^  the  tanks.     The  larger  the  nximber  of  tanks  the  more  rapidly  within 
ain  limits  a  ^iven  weight  of  crude  soda  can  be  exhaustetL    The  density  of  tho 
^oa^'ht  to  be  from  1*27  to  1*286,  a  cubic  foot,  or  0*028  cubic  metre,  containing 
4*5  to  4'95  kilos,  of  solid  matter.     The  advantages  of  this  mode  of  lixiviation 
-t.  That  the  carriage  of  the  rrude  soda  from  ooe  tank  to  another  is  tlispensed 
b,  and  consequently  much  lalwur  siaved.    2.  The  soda  being  always  covered  with 
lid  Ciuinot  eako.     5.  As  tho  current  is  always  downwoi'ds  tho  most  concentrated 
fcion  of  the  fluid  is  conveyed  forwurfl,  and  ixinsequently  less  water  is  requiied, 
tho  continuity  of  tho  operation  any  reaction  between  the  ulkali  and  tho 
in^luble  calcium  sulphuret  is  prevented,  or,  in  other  words,  tho  formation  of  soluble 
ftline  and  other  sulphurets,  entailing  a  loss  of  eoda,  is  i*oduceil  to  a  minimum, 
high  dcpreo  of  concentration  of  the  ley  effects  a  considerable  savuig  in  the 
fcof  the  evaporation. 

kture  of  tho  ley  after  the  suspended  matter  has  been  deposited,  greatly 

nds  upon  the  condition  of  the  ball  soda  employed,  the  duration  of  tho  procoas, 

( the  temperature  of  the  water ;  it  is,  therefoiH?,  difficult  to  make  any  gjeneral 

oWrmtion.     Kynaston,  Scheurer-Kestner,  and  Kolb  have  proved  that  ball  soda 

[  not  contain  caustic  soda,  and  that  conseqtiently  the  presence  of  this  substaneo 

Jf*v  i*  due  to  the  action  under  water  of  the  lime  upon  the  sodic  carbonate, 

'  *'nlciiim  can  only  be  present  in  the  dry  ball  soda  in  verj'small  quantities, 

t  of  sodium  may  exist  in  the  ley  to  a  i^reater  extent  than  caustic  soda, 

aantxty  varying  with  the  mode  of  lixiviation.    Commonly,  only  monosulphurct 

lium  is  pn>«3nt  in  tho  ley ;  even  if  a  polyaulphurct  were  temporarily  formed  it 

I  bo  immediately  converted  into  mono?«lphuret  by  the  presence  of  the  caustic 

The  dry  ball  soda  contains  peroxide  of  iron,  converted  into  sulphuret  cf  iron 

taction  of  the  water;  this  sulphuret  di<*solving  in  the  sulphuret  of  sodium 

>  green-  or  yellow  -  brown  coloui'  of  the  ley ,    The  quan  ti  ty  of  water  employed 
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The  salt  U  next  calciiiedi  and  the  siilpliuret  of  sodium  converted  into  solplitle  of  woAa^ 

a  portion  of  the  c-auMtk  sikIxi  being  converted  into  carbonate  of  ^o^iA.     The  oalcintd  aifi 
is  now  reutly  for  the  market ;  but  in  ^^ime  of  tJii?  large  filkali-irorka  near  Newi9Mitl»-ciB» 
Tyue  it  m  n?-cliiiyolTtHl  in  wnttTt  trejitwl  witii  carbonic  acid»  and  again  evaporated.    A 
better  prvjduft  rt«ultJi   fn>ra  another  m^thod^  uaiutlyi  evaporating'  the  ley  tu  u  knowii 
degree  of  concentration,  and  obtaining  puiall  crystals  of  sodA-tiAlt  (NajC03-|-H^O).    Is 
thi»  niijiie,  a-s  n*giirdft  the  niPthtwh*  of  evaporation  employed,  the  two  following  nm  tocMt 
general:  —  Heat  is  broug^ht  to  bear  on  the  Hurfaoc  of  tho  liquid  con  tain  eil  in  ihaJ&ow 
rectttugiilnr  irL>n  pans  fitted  to  the  hearth  of  a  rcvt*rl»t>nitory  fiimac*^ ;  the  Ir        '  -      ^' 
IiolLm  at  the  wnrface,  and  a  wiliiif  crnft  is  fonned,  whub  is  f?*in.^tuntJy  bi 
culle<'t«d  with  irun  rukcH  by  the  wc>rknie«.    Now  and  then  the  salt  dtjjMisitod  •'. 
is  remci\'**d  and  jihtec^i  on  a  sbipin^  h^djEpe  to  drain.     This  metlitid  of  evajiuration  v- 
micfilj  hut  att*5!ide<l  with  the  dibadvantag-e  tlmt  the  ley  i»  conHtantlv  in  conta<dl  v, 
carbonic  and  sulphurous  acid  ga*»es  ariwinjar  from  tho  cornbuetion  of  the  fuel,  th- 
quence  l»eiiig  thjit  a  purtiou  of  the  caustic  *K)da  is  oonvtjrted  into  carbonate*  and  - 
of  iMjda,  the  latter  by  tho  mibncqucnt  c^lciuiDg'  oppraiion  beinj?  oon verted  it'* 
By  the  second  i>latt  of  evaponttion  the  heat  is  cxmveyed  to  the  b(<tbotn  of  t 
then  mmiy  precautions  are  required  to  prevent  the  bottom  beiniar  burned  in  cio    ^ 
the  settling-  down  of  a  naline  mass  not  couductinjr  heat.     Mr.  Grfttnblc,  at  SL  Ht^Miit 
employs  a  pan  of  a  peculiar  form,  the  section  l>eing  like  that  of  a  boot ;  it  is  heated  by  Urn 
waato  heat  of  the  wxla  fumai^et  and  tho  inclination  of  thd  sid&a  of  the  pan  greatly  awitf 
the  rt*moval  of  the  wilt,  whitli,  htiving  lM?i*n  drnint^d,  in  calcined,  yielding  a  grey-coloratid 
salt,  ttfttr^  ardrt  jjurilicd  by  swilution  with  the  aid  of  steam  in  a  small  quantity  of  wMt#?, 
decanting  the  clear  solution,  and  again  evaporating  it.     KalHton  obtains  a  purer  p:   !    '. 
by  wajdiing  the  impure  carbt»nate  with  a  oold  saturated  solution  of  pujnp  carbonate  "f  -  'r 
the  chloride  and  siilphuret  of  sodium  and  the  sulphate  being  thus  removed.     As  aIp  i  iv 
stat'Cd,  the  evaponition  in  not  always  continued  to  drync^i.^,  but  to  a  degree  of  ctmiviirri- 
tion  di^tjpnuincd  by  experience.     By  varying  the  relative  bulk  of  the  liquid  a  nntr*^  «»r  1"^ 
pure  jtr»kduot  may  be  obtainiHi;   wh<?n,  for  instance^  the   ley  of  the   lixiWfiriMU  tm^* 
(z=  r2S6  Kp.  gr.)  in  evaporat<?fl  to  ^^^ths  of  itj*  bulk,  and  the  sjilt  iM?pan*tod  rr  muvi-I,  'K> 
salt  erim^KjKinds  to  a  purified  soda  salt  of  57  per  cent.;  by  evaporating  the  n-Ti* 
liquid  Uy  itks  ui  its  bulk,  a  salt  of  50  per  c^i'ut.  L*  obtainod.     T^Tiicn  the  raotlirr-V 
evafMirati^ii  to  drynt-ss,  a  very- caiiHtic  jind  impure  Halt  i.s  obtained.     Kuldin;  > 
cnijilovH  pans  which  aro  gruduiited  s<3  that  the  bulk  of  the  li<{tijd  nuiy  l»e  r 
taiued  for   the  purpose  of   fnictionod  evaporation.     The  purification  of   tin 
containing  sulphuret   of  iron   diasolvcil    by   Hulphurct   of  sodium,   may   bt^   -  f! 
an^n^estetl  by  tjotwage,  in  1 853,  by  filtering  tho  liquid  tiirough  a  coke-tower  ^  lu 
towcra  used  for  cotidensing  hydrochloric  acid),  a  current  of  oir  being  foroed  ttpwiud&lo 
assist  in  oxidising  the  aulpKuret  of  sodium. 
The  oonapofiitlon  of  relined  soda,  according  to  Tiasandier^s  analyses,  ia  \ — 


Moisfture       2*23 

Insoluble  matter o*i2 

Chloride  of  sodium    .,     ,,  12*48 

Sulphntf  of  Hf>da        ,.      .♦  8' 51 

Carbonate  of  soda      . .      . .  76-67 


3. 

0'22 
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3' 
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9234 


4- 
1*00 
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Th©  composition  of  soda,  containing  caustic  soda,  is  :^ 


Moisture 
Insoluble  matter 
Cfhloride  of  ncMlium 
Sulphitte  of  s*ida 
Carbonate  of  soda 
GaiiaUc  soda 


I. 
210 
0*12 

ts 

82-47 

2-lt 


2. 
1-50 
Oil 

162 

8809 

625 


2-48 
0*21 

215 

84-54 
712 


4- 

1-38 
009 
411 
2  50 
8167 
10*25 
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In  ortltT  to  obtain  crj^stalliaed  soda,  Naj^O^  +  1011^0,  witli  63  per  cont.  of  \*  "^  '"^ 
a  ffrtttirated  solution  of  calcined  soda  in  hot  wator  is  poured  into  large  iroti  v  - 
an<l   3*ieM.s  <:'iy«tal»?  on  cooling.     Tbo  calciiioil  »oda  is  gcnenilly  di(*solved  in  coined 

i^els  (Fig.  80),  mado  of  boiler-plate,     c  is  a  steuiu-pipe,  B  a  wator-pipo.  d  a  J^r- 


to  oontaia  tko  calcined  soda  to  be  diasolrod.    The  boiler  is  throe- 

i  wator,  the  porforatod  vessel  filled  with  soda  is  thou  lowered  into 

i,  wnd  tho  bteam  turned  on,     Tho  Boda  is  rapidly  diaaolved,  and  when  the 

lioQ  marks  30"^  to  32®  B.  it  is  ran  into  the  crystallising  voasols ;  tho  crystallisa- 

|is  completo  in  Eyq  to  aLx  days  in  moderately  cool  weather.     The  crystals  are 

en  up,  and  again  di^^dvLKl  in  water  in  the  vessel  a  (Fig,  81),  boated  by  the  fire 

t; Dart' flues  carryin;*  lltiuio  and  heated  air  round  the  vessel;  Bis  a  wuter-pipe, 

|trcs^l  having  been  BllMd  with  crystal,  a  snmll  quantity  of  water  is  added,  and 

I  tfi  the  aalt  is  completely  dissolved,  the  fire  is  extinguiahodj  the  liquid  being 

)  aettle.  The  clear  liquid  is  next  syphoned  into  a  reservoir,  and  from  this  poured 
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Iron  crystaJliBiiig  vessels.  After  seven  or  eight  days  the  mother-liquor  is 
and  the  crystals  are  detached  from  the  surface  of  the  iron  by  placing 
fLaUising  vessels  for  q  few  momenta  in  hot  water,  tho  rei*ult  being  that  by  the 
pit'ut  fusion  of  the  crystals  in  their  water  of  rTystallisatiou,  they  are  loosened 
^  the  metal  tti  which  they  a<lhere.  After,  draining  the  suit  is  dried  in  rooms 
fed  to  15'  to  18',  and  then  packed  in  casks.  Although  a  crystalline  salt  is  gene- 
I  purer  than  a  n  on -crystallised  mass,  yet  the  large  quantity  of  water  contained 
hystalltse<l  carbonate  of  soda  is  an  impediment  to  its  extensive  use,  both  on 
ntnt  of  expense  of  carriage  and  the  weakness  of  the  alkaH,     In  this  country, 

ET,  owing  to  tbe  great  facility  of  water  carriage,  crystallised  carbonate  of  soda 
larg<}ly  used. 
^ubifciM^riw**.  The  process  of  M.  Leblanc  has  been  best  elucidated  by  the 
k  rtijcent  researches  of  Oossage  and  Scheiirer-Kastne  .  Fonnerly  it  was 
Bned  that  when  a  mixture  of  sulphate  of  soda,  carbonate  of  lime*  and  carbon 
i  calcined,  the  carbon  while  yielding  carbonic  oxide  converted  the  sulphate  of 
linto  sulphuret  of  sodium,  in  its  turn  decomposed  by  tho  carb<jaat©  of  lime,  tho 
m  lieing  the  formation  of  carbonate  of  soda,  oxysulphuret  of  calcium,  and  the 
jblioti  of  o  portion  of  the  carboaio   acid;    (a)  NajSO^  +  2O  =Na4S  +  2CO2 ; 
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0)  2NmS  +  aCaCOa  =  aNa^CO^  +  CaO,2CaS+ COi.  A<joordiiig  to  Uager  til 
bonato  of  lime  loses  its  carbonic  ftcid  as  ^on  as  aulpLxirot  of  sodium  is  ffl 
tbor©  remaining  a  mixture  of  cjiustic  lime,  Bulphiiret  of  aodiiim,  and  carbon,  ^ 
beoomeft  converted  into  oxj-milphuret  of  calcium,  and  caustic  soda,  lliw  l;itl 
taking  up  tbe  carbonic  oxido  resultiog  fr^m  tho  combuiition  of  the  carbon  bofl 
fiodium-carlionatc ;  this  Tiew  appears  to  be  noureat  tbo  truth,  but  as  prol 
Schourer-Kcstner,  Dubrunfaat,  J,  Kolb»  and  Th,  Petersen,  it  is  not  necewi 
assume  the  existence  of  uxysulphuret  of  calcium  for  the  purpose  of  explainii 
&ct  that  the  sulphuret  of  calcium  does  not  act  upon  the  aoiiium-carlx^nate,  bl 
flulphurot  of  calcium  is  almost  insoluble  in  vat-or,  12' 5  parts  of  wat^r  dissol^i 
12*6^  only  I  part  of  sulphuret  of  calcium.  This  view  is  also  confirmed  1^ 
results  of  experiinonts  made  by  P*?lou;!e*  During  the  furmation  of  soda  in  thj 
Cming  furnace  the  carbon  in  only  converted  into  carbonic  acid,  viz.  : — 
o.  5NaiS04  +  loO  —  sNa^S  +  loCO^,. 
j8.  5Na,S  +  yCaCOj  =  sNa^CO^  +  sCaS  +  zCaO  +  ziXh. 
However,  aa  there  is  formed  during- the  calcination  process,  especially  towaii 
'  end  of  this  operation,  a  not  inconeiderable  quantity  of  carbonic  oxide  which 
off  with  a  bluiah  flame,  this  substance,  although  a  socondarj*^  product^  ha^  to  be 
into  accoimt  in  the  Ibrmula ;.  moreover,  the  iormution  of  this  gas  ie  imptii'tiia 
as  soon  as  it  makes  it  appearance  the  chief  reaction  is  being  completed, 
the  heat  t<j  Im'  at  its  proper  de^jree. 

The  researches  of  ITngor  have  undoubtedly  proved  that  when  the  su 
is  reduced  by  carbon  then^  is  only  carbonic  acid  and  not  a  trace  of  carbonic 
fonned.  so  that  carbonic  oxide  is  the  result  of  the  action  of  the  excess  of 
upon  the  «'arhoiiute  of  lime  ;  tlii:?  reduction  of  the  carbonate  of  lime  by  carboa 
place  at  a  much  higher  tempemtiire  than  that  at  which  the  sulphate  is  rd 
therefore  the  formation  of  carbonic  oxide  takes  place  after  that  of  the  cad 
of  soda.  Consotiuently  there  must  be  distingmahed  throe  phases  in  tlie  formal 
Boda,  viz,  :— 

a.  The  reduction  of  the  sulphate,  with  evolution  of  carbonic  acid  gas — 

(Na.SO^  -\-iQ  —  Na^S  +  2CO.),    ' 
^,  Double  decomposition  of  the  newly  ibrmed  sulphurut  of  sodium  and  carfi 
of  lime  (Na,S  +  CaC03  =  NaaCO^  +  CaS). 
y.  The  reduction  of  the  excess  of  carbonate  of  lime  by  tho  cartxm — 
(aCaCOj  +  20=^  aCaO  +  4CO). 
k  During  tho  lixiviation  the  preseaco  of  caustic  lime  aids  the  formation  of  < 
)da.     According  to  theory,  100  parts  of  sulphate  oul}'  rtHjUij^  20  of  carbou«_ 
\  the  practice  to  employ  au  excess  of  carbon,  as  much  oa  40  to  75  i>er  oent,  ( 
^^{ilo  againgt  inc<.>mplete  mixture,  tho  combustion  of  carl>on  without  effecl 
V'CiiUiH-'  of  the  necessity  of  obtaining  the  reactxou  i»f  the  carb<jnic  oxide  ia 
that  the  progress  of  tlie  oj»eration  may  be  observed »  as  experience  has  pnived  thi 
nuu^  should  not  be  removed  from  Oie  furnace  until  this  combustioQ  is  ncstrly 
uiiji««urinQr8a4tWatfb>.       Thc  ^n^ater  part  of  the  s<^da  now  employed  is  obtatiK 
lr»>blanc's  process,  which,  while  it  admits  of  lixiviating  the  soda  readily  and 
|detoly,  k  defective,  iuiii^mnch  as  the  residue,  or  waste  as  it  is  technically  f 
"tains  nearly  all  the  eulpliur  used  in  the  manufacture  ;  and  that  this  ie  not* 
may  bo  inferred  from  Ux^penheim's  statement,  that  in  tho  alkali  works  at  D 
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tiie  aconmnliited  waste  containa  an  amount  of  salphnr  Taload  at  £156,000. 

ton  of  alkali  made  there  is  accumulated  i^  tens  of  waste,  containing 
it.  of  the  sulphur  used  in  the  mamifacture ;  and  this  waste,  until  lately 
I  a  refuse  heap  in  some  fields  adjacent  to  the  works,  often  proved  a  nuisance 
ither,  giving  rise  to  fumes  of  sulphuretted  hydrogen.  For  the  last  forty 
2h  time  and  money  have  been  spent  in  trying  to  recover  the  sulphur, 
itil  1863  was  any  attempt  successfiiL  Three  different  processes  are  now 
>,  viz. — Guckolberger  s,  modified  and  practised  by  Mond;  Schofiber's  plan; 
"ocess  invented  by  M.  P.  W.  Hofinann,  at  Dieuze.  Since  the  first  suc- 
[>erimont  the  methods  have  been  so  rapidly  improved  that,  at  the  Paris 
1  of  1867,  no  fewer  than  nine  samples  of  recovered  sulphur  were  sent  in. 
thods  mentioned  above  are  based  upon  the  same  principle — ^the  conversion 
•luble  sulphurets  of  calcium  conteined  in  the  waste  into  soluble  compounds 

of  tho  oxygen  of  the  atmo^here ;  the  lixiviation  of  the  oxidised  mass, 
titation  of  the  sulphur  oontaLied  in  the  l^ys  l^  a  strong  acid,  jnractically 
ric  acid. 

aotau^Rege-  ]f ,  Schoflher's  plan  for  the  regeDAration  of  sulphur  from  soda 
>lve8  the  following  operations : — 

eparation  of  the  liquor  containing  sulphur 
Ksomposition  of  the  liquor, 
oparation  of  tho  sulphur. 

loda  waste  is  submitted  to  a  process  of  oxidation  by  the  action  of  the  air, 
is  purpose  is  placed  in  largo  heaps,  where  heatiug  takes  place,  together 
>rmation  of  polysulphurete  and  subsequently  hyposulj^tes.  After  a  few 
interior  of  the  heap  assumes  a  yellow-green  colour,  when  the  material 
lixiviation ;  the  heap  is  then  broken  up  into  large  lumps,  which  remain  for 
onty-foor  hours*  oxidation.  These  lumps  are  next  submitted  to  lixi  viation 
water,  and  a  concontrated  liquor  obtained.  After  this  process  follows 
lidation,  effected  by  placing  tho  lixiviated  residues  in  a  pit  dug  in  the  soil 
of  I  metro,  and  situated  close  to  the  lixiviation  tanks;  by  this  burying  the 
atod  by  tho  oxidation  suffers  less  dissipation  than  when  the  material  is  ex- 
[1  sides  to  currente  of  air.  The  second  oxidation  proceeds  more  rapidly  than 
L  consequence  of  the  greater  porosity  of  the  mass,  so  that  besides  poly- 
more  hyposulphites  are  formed.  Instead  of  effecting  the  second  oxida- 
ryinp:,  tho  waste  may  be  left  in  the  lixiviation  tenks,  and  the  oxidation 
L  by  forcing  the  hot  gases  from  a  chimney  under  the  perforated  bottom  of 
by  theso  moans  both  time  and  labour  may  be  saved,  the  oxidation  being 
a  8  to  10  hours.  According  to  the  quality  of  the  alkali  waste,  this  process 
n  may  be  repeated  three  to  four  times;  the  gases  accompanying  the  smoke 
»  fuel  aro  exceedingly  well  suited  for  effecting  the  decomposition  of 
LFct  of  calcium  in  such  a  manner  as  to  cause  the  formation  of  poly- 
ond  hyposulphites.  The  liquors  resulting  from  the  first  lixiviation  con* 
y  polysulphurete  and  hyposulphites ;  but  the  liquors  obtained  after  the 
.  third  oxidation  contain  essentially  hyposulphites ;  all  the  liquors  are  col- 
ae  reservoir. 

lecomposition  of  the  lixiviation  liquor  by  means  of  hydrochloric  acid  is 
in  a  closed  apparatus  of  cast-iron  or  stone,  and  is  based  upon  the  fact  that^ 
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hypoHulphites  when  treated  with  kytlrochloric  acid,  evolve  salpbnFOtls  vydd\ 
sulpliur  being  precipitated  (Cai03  +  2llCl  yields  CaClj  +  SOj +S+ HiO), 
upon  the  reaction  exert^id  by  sulphurous  acid  upon  the  polysulphuret,  which,  ^ 
sulphur  i3  dopo6ited|  is  again  convoi'ttHl  iato  hyposulphito  of  iiiue — 

The  liquor  is  tested  by  titration  to  detttnniny  tho  quantity  of  polysulphiiret 
hyposulphites  contained,  and  according  to  the  result  the  residue  is  mofD  or  J 
oxidised. 

TJie  flrp|NU«tiia  gpenerally  employed  in  the  decomposition  is  sbown  in  Fi^.  $2  ;  A  j 
are  tliP  veseck  to  contatn  the  liquor  r  /  ia  the  pipe  by  which  the  liquor  i«  oout 
A  or  B,  rpgidnt<?d  bj-  a  piece  of  elastic  tubinp  eutttriu^^  at  tj  into  a,  or  </'  into  D.     T  1 
are  eartlienwore  tube*  by  which  tho  hydnjoiiloric  iiei<l  id  iutroduoed.     e  ax^  d  aw  | 

Fio.  82. 


tubes,  c  is  fitted  to  tho  top  of  a,  and  has  a  loiijarer  log^  dappini^r  tnto  the  fluid  at  b;  the 
IH  the  ease  for  f/»  die  abort  leg  of  which  is  fitted  to  n,  whUe  the  longer  leg  dipa  into 
fluid  in  A-  Tlie  tap,  <?»,  Lh  closed  when  the  gnHeti  should  enter  throujrb  r  inio  the  I 
Qontaincd  in  B,  but  the  tap,  A,  ia  fcdiutj  and  a  opened,  when  tb^  giise*  paj<^»!<inf?  thToug-h4| 
to  enttr  tho  fluid  nontain<?d  in  a.  The  ejtccss  of  ^i^  in  c^rrieil  off  by  the  tube  a.  A* 
as  the  diLX^OEai>ositiou  by  the  action  of  the  hydrochloric  uci»l  is  offcet^d,  stcuiui  is  inj 
through  the  valvea,  v  v',  t^^  expel  tho  last  traooa  of  sidphurous  noytl  t'^nu  tf,**  l]_ 
The  liquor  and  finely  divnded  »uljjhur  arc  run  off  at  0  and  o\  care  b*  '  \t\i 

chloride  of  calcium  solution  run  off  by  removing  the  wooden  pbigt  p^  In 
whether  all  tho  snlpliuroua  acid  ii*  expelled^  the  wooden  taps,  h  h\  are  opeuc'd, 
of  the  paa  beinjur  a  suffiiirut  imlication  of  ita  presence.     The  tapa,/  and  7*,  are 
9»  teat  ci-wka  to  u^joortiiin  ihv  prog^reos  of    the  operation,  and  alio  to  see  wl 
vefiuK'la  lire  properly  filled  with  liquor. 

llie  sulphur  obtaiu'^-d  by  thin  proo^M  \»  flne-grainod,  and  mixed  with  »omo 
chiefly  due  io  the  8ulpburic  acid  oontaintd  ia  the  hydroebloHc  acitb     Tbw  t^ulpVur 
chloride  of  oaleium  liquor  are  conducted  by  the  apout,  .<f,  to  a  vessel  witli  a  false  " 
perforated  and  covered  witli  a  flannel  cloth,  through  which  the  liquor  pa«soa»  the 
being  retained, 

y.  The  sulphur  is  pn'pannl  ftjr  tho  market  by  a  verj^  aimplo  process.  It  is  mi3 
with  -sufbcient  water  to  constitute  a  pa^t'%  which  is  j)ut  into  a  cjist-iron  vessel,  1 
eit*'am  sit  a  pn^si?ure  of  ij  atmospheres  admitted  to  mi^lt  the  Sfulphttr,  the  ' 
taking  up  any  adhering  chloride  of  calcium  solution,  and  also  tho  gj'pgntn. 
molten  sulphtir  collects  in  the  bottom  of  the  vessel,  and  is  tapped  olf  into  miy 
the  supernatant  liquor  does  not  mix  with  the  sulphur  owin^  tf>  tho  f^reater 
weight  ^i  the  latt4?r«  In  order  to  pcrfwtly  saturate  any  free  acid  which  might  atSlI 
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Ment  some  milk  of  lime  is  added;  by  this  addition  another  ond  is  gained,  viz., 
A  reiHoval  of  any  arsenic,  in  the  following  manner :--K  during  the  melting  process 
k  excess  of  lime  be  present,  sulphuretof  calcium  is  formed,  and  this  sulphuret 
Molves  any  sulphnxet  of  arsenic  which  is  thus  removed  to  the  supomataut  li<juor. 
\tt  advantages  of  melting  and  purifj'ing  the  sulphur  by  the  alxn'o  ]»roces8  are  — 
hft  sulphur  need  not  first  be  carefully  washed  and  dried,  fuel  is  siivinl,  the  sulphur 
bad  from  arsenic,  and  brought  to  the  best  state  for  pouring  into  moulds.  Figs.  83 
■id 84  represent  the  melting  vessel;  the  cast-iron  cylinder,  b,  is  sunounded  by  a 
iwagbt-iron  cylinder,  a,  and  the  whole  inclined  to  admit  of  the  molten  sulphur 

Fxo.  85. 
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'^Uwting  at  the  lower  part  of  B.  The  sulphur  paste  is  being  stiiTo<l  by  an  apparatus 
ij^earingatR  with  some  motive  power.  The  paste  is  pourrd  into  Bat  7/1;  at 
st^m  is  introduced,  passing  at  0  into  the  inner  cylinder,  and  l«'t  olT,  when  the 
elting  is  finished,  through  d  and  the  valve,  v  ;  the  luolton  Hulj)}iur  is  nm  oif  at  z  ; 
s  a  saft'ty  valve.  By  this  process  50  to  60  por  cent,  of  th(»  sulpliur  contained  in 
9  sodsi  waste  is  recovered,  for  every  cwt.  r(?(!overed  2  io  i\  cwts.  of  hydrochloric 
id  lK»ing  employed.  If  this  acid  were  too  expensive,  tlu^  rosidut^s  of  dilorine 
inufartiire  might  be  used,  these  residues  consisting  mainly  of  clilorido  of  manganese, 
f*  hydi-oohloric  acid,  and  chloride  of  iron ;  the  fii-st  step  would  then  be  to  free 
«v  residues  from  the  chloride  of  iron  by  means  of  the  Uxiviatt'd  soda  wiusto  added 
small  quantities  at  a  time ;  sulphuretted  hydrogen  wt)uld  be  given  off,  and 
f^Ge  ri-«luced  to  FeCl2,  the  changed  colour  indicating  the  ond  of  tlie  reaction, 
le  dirt^'  grey-coloured  sulphur  from  this  reaction  sliould  be  burnt  in  the  pyrites 
sulphur-burning  furnace.  ThoprepartKl  residue  would  now  be  fit  for  employment 
a  substitute  for  hydrochloric  acid.  Should,  however,  some  monosulphuret  of 
Icium  l>o  present  in  the  soda  waste  liquor— not  a  very  likely  occurrence — some 
r'lrochli>ric  acid  must  bo  added  before  using  the  residues. 

*ta4rT  Moth«<u  of  Amoug  tho  many  methods  which  have  been  proposed  for  the 
*iiiiA*i«  of  Sod*,  preparation  of  soda  tho  following  especially  deserve  notice.  Ac- 
'rJing  to  Kopp*s  methods  of  soda  manufacture  sulphate  of  soda,  oxide  of  iron, 
■mI  caibon  are  smelted  together  in  an  ordinary  soda  furnace : — 
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Dry  caustic  soda     44   kilo*. 

Calcined  soda 75       ,» 

Crystallised  carbonate  of  soda      . .   203       ,» 

Bicarbonate  of  soda        ii9*5    n 

ite  (see  under  Alumina),  on  ignition  with  sulphate  of  soda  and  carbonaceous 

yields  in  a  similar  manner  soda  and  alumina. 

I  xicnto  By  the  oonversion  of  nitrate  of  8oda  into  nitrate  of  potassa  by  the  aid 
•**  of  carbonate  of  potaHsa  (see  under  Stdtpetre)  not  inconsiderable  quantities 

mg"  solution  of  soda  are  obtained ;  the  sodium  of  the  sodium  nitrate  may  be 
d  by  any  of  the  following  means  into  soda  or  caustic  soda : — 

(y  igniting  nitrate  of  soda  with  carbonaceous  matter. 

W  igniting  nitrate  of  soda  with  silica,  and  decomposing  the  silicate  of  sodium  by 

carbonic  acid. 

y  igniting  nitrate  of  soda  with  manganese. 

W  the  dpcompoaition  of  nitrate  of  soda. 

By  moans  of  carbonate  of  potassa  ;  or, 

By  means  of  caustic  potassa. 
latter  case,  besides  nitrate  of  potassa,  caustic  soda  is  formed. 

4*.  This  substance,  sodium  hydroxide  (XallO),  is  met  with  in  commerce 
ily  concentrated  solution,  or  more  frequently  as  a  solid  mass,  fused  hydrate 
consisting  in  100  parts  of  77*5  parts  of  soda  and  22*5  parts  water.  For 
rars  a  moderately  strong  solution  of  caustic  soda  was  prepared  by  treating 
late  of  soda  solution  with  c-austic  lime,  but  Dale  was  tlie  first  to  use  this 
instead  of  water  in  his  boilers,  and  thus  concentrate  the  lye  to  a  sp.  gr.  of 
:"25,  after  which  the  ley  was  further  evaporated  in  cast-iron  cauldrons  to  a 
f  I  '9,  at  which  point  it  solidifies  on  cooling. 

a\  of  using  caustic  lime,  caustic  soda  is  now  directly  produced  by  simply 
i«^  the  quantity  of  small  coal  added  to  the  mixture  of  sulphate  and  chalk, 
0  soda  being  at  once  lixiviated  with  water  at  50*^.  After  the  liquor  has 
it  is  rapidly  concentrated  to  1*5  sp.  gr.,  when  carbonate,  sulphate,  and 
of  so<liucn  are  deposited,  the  liquor  assuming  a  brick-red  colour,  due  to  a 
compound  of  double  sulphuret  of  sodium  and  sulpliun^t  of  iron.  The  ley 
itrongly  heated  in  large  cast-iron  cauldrons,  and  tliero  is  added  3  to  4  kilos, 
saltpetre  for  every  100  kilos,  of  caustic  soda  required;  by  this  operation  the 
»f  soda  reacts  upon  tlio  sulphuret  of  sodium  and  cyanide  of  sodium  present, 
jiu  abundant  evolution  of  ammonia  and  nitrogen.  This  somewhat  com- 
procees  may  be  elucidated  by  either  of  the  two  following  formulye  : — 

a.  zS^S  +  2NaN03  +  4lL()  =  2Na,S04  -f  zXallO  -f  2X1X3. 

/3.  5Nu,S  +  8NaN03  -h  4II2O  =  5Na2S04  +  SNallO  -f  8X. 
ling  to  Pauli,  the  kind  of  reaction  depends  chiefly  on  the  tt^nperature  of  the 
•y  ;  at  155^  ammonia  is  largely  evolved;  above  155°  aud  with  greater  con- 
)ii  of  the  ley  nitrogen  is  given  olf.  As  for  every  ton  of  caustic  soda  produced 
e-»s  absorbs  075  to  i  cwt.  of  nitrate  of  soda,  the  ley  is  in  Aoxne  works  oxidised 
ng  it  through  a  column  of  coke,  or  by  forcing  air  through  it  in  minute  jets. 

in<i«  of  Caustic  Among  these  is  the  dccomxwsition  of  sulphate  of  soda  by  means  of 
inuf^tare.  caustio  barj'ta,  a  rather  expensive  procpss,  bar\-ta  white  or  permanent 
Jig  a  by-product.  linger  uses  caustic  stroiitia  instead  of  caustic  baryta.  Caustio 
7  be  prepared  by  treating  cryolite  for  sulphate  of  alumina  fsoe  Alum),  or  by 
nitrate  of  soda  with  manganese :  or  by  decomposing  silico-Auoride  of  sodium 
o  of  sodium  with  caustic  lime.  In  England  very  pure  caustic  soda  is  prepared 
iiun  by  carefully  oxidising  the  metal  with  pure  water  in  bright  iron  or  silver 
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According  to  Balton'a  researches  :— 

A  caustic  80  J  a  liquor  uf  tbo 

uud^iiueulioned  ep.  gr» 

Contains  percentage  of  cai 
soda  (XaHO.) 

77*8 
63-6 

173 
1-50 

53- 

466 

41*2         i 

36-S         ^ 

1-47 

34-0      9 

1-44 

31-0 

1-36 

2go 
26-0 

1-33 

23*0 

i-i8 

19*0 

i6'o        ^ 

I'la 

9'0                j 

1*06 

4*7 

CauBtic  soda  m  largoljnsed  in  Boap -Triaking,  paraftin  and  petroleum  TDfiuingr* 
preparation  of  allicate  of  eoda  and  aiti£iual  stona  by  RonHome  and  Sims*8  method, 

BioMtoMtoorsodA.      Tliis  substance,  NaHCO^,  culled  erroneously  carbonate) 

in  many  of  tlio  London  sbops,  con.siHt-9  in  too  parts  of  36*9  soda^  *c>T3  ^"^^^ 

52'37  carbonic  acid,  and  is  prepared  by  pas^sing  a  ctirront  of  washed  carboi 

gns  through  a  solution  of  carbonate  of  sfida.     If  the  solution  is  coneentrai 

bicarbonate  is  deposited  as  a  powder,  but  fi-om  a  diluto  solution  krge  crysf 

obtained*  It  is,  however,  more  advantageous  to  cause  the  carbonic  acid  to  ai 

CTystallij<od  and  ofEaresced  carbr>nate  of  soda  ;  a  suitable  mixture  consists  o| 

of  cryst;illised  and  4  parts  of  effloresced  carbonate  of  soda.    The  sources  fd  0 

acid  may  differ,  Imt  in  this  country  the  gas  is  generally  prepare<l  by  thr  ni 

weak  hydrochloric  acid  upon  clmlk  or  limestone;  of  course  the  carbonic  acid  I 

during  the  ft'nnentation  of  wort,  or  must,  mtiy  bo  applied. 

Wlien  carbonic  ads  upon  crystallised  cjirbonato  of  soda  there  is  first 

sesquicarbonate  of  B<jtla  ;  the  9  of|uivalents  of  water  which  are  dis^daoed 

equivalent  of  crystaUise^l  carlHinnte  of  soda  are  collected  in  a  re»erroir» 

liquid  having  of  course  dissolved  a  portion  of  the  bicarbonate  is  employ 

future  operation  for  njoistening  the  crystal  Used  «oda  carbonate.     The  bicn; 

is  dried  at  40^  in  a  current  of  carbonic  acid  gas.  The  preparation  of  the  bicai^ 

by  withdjniwing  from  tbo  monocarbonate  by  the  aii  of  an  acid  one-half  of  iH 

it  ctintuin>i  has  1m ten  suggested ;    for  this  purpose  2SJ  parts  of  crystullii?<4 

carlwjnatii  are  dis^tdved  in  twice  their  weight  of  warm  water,   and  4'i  p^ 

aulphiu'tc  acid  adde<l»  care  being  taken  not  to  move  the  vessel.     Being  left  ta 

for  several  days  the  bicarbonate    is   deposited  in  crystals.      It  hjis  beei| 

that  when  a  %ohiti*>n  of  common  salt  is  treated  with  bicarbonate  of  fimmoQ} 

rL»sult  is  the  formation  of  bicarbonate  of  soda  and  sal-ammoniac,  which  renil 

s<^>lution»     Bicarbonate  of  soda  crystallises  in  monoclinical,  tabular  cryj^tals;^ 

weak  alkaline  rciiction  ;  loses  its  carbonic  acid  at  70*,  and  becomes  monocaii 

of  sodu  ;  and  by  exposure  to  dry  air  is  grjidually  converted  into  se**quirurljj 

The  bicarbonate  is  employed  generally  in  the  i>roi)amtion  of  offonresdng 
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droclilorio  or  phosphoric  acid  in  making  broad  wittcrat  fermentation.  The 
Ufli^ft  of  this  salt  i\Y*d — the  procipjtiilnoii  of  the  alamina  from  sodium-nluuiinate 
Ay  for  the  pre])aration  of  bath^j,  for  gilding  aad  platiaiising,  and  for  puriiying 
uuin^  Bilk  and  wool,  i  gnu,  of  tho  bicai'bonatw  pelds,  when  complettdy 
3ded  by  an  acnd»  about  zyo  c.c.  of  carbonic  acid  gas  =  0*52  grin,  by  weight. 
Dtal  production  of  soda  in  Europe  amounted  in  1870  to  11,850,000  cwts.,  of 
beat  Britain  produood  6,250,000  cwta. 

!|  PREPABATIOlf  OF  lODIlTE  A^D  BbOMIXE, 

R*4in*.  This  elt^mont  oocura  in  soa-water,  from  which  it  is  taken  up  by 
|i*^oeds  ;  from  these  sea- weeds  iodme  is  dortyed  iudiistrially.  Chili-sal t- 
8omQ  saline  springs  (for  instance,  tho  Suiza,  Sadiem  Weimar)  contain 
I  considerable  quantity.  Although  iodine  is  found  in  the  mineral  kingdom 
am3tf,  in  the  iodide  of  load  and  phosphoritos  of  Amberg,  Bavaria,  and  I>iez 
jftkn),  it  is  not  in  this  case  industrially  important.  Tlio  chief  seat  of  iodine 
jtttTD  is  at  Glasgow,  where  there  are  twelve  factories ;  there  are  two  iodino 
\  m  Ireland,  and  two  at  Brest,  in  France. 

m  «kM  K»f|k  In  order  to  obtain  iodine  from  sea- weeds,  the  latter  are  first  can- 
ato  kelp,  tliat  is  to  say,  they  are  incinerated,  tho  product  broken  to  pieces 
viat^Hl  \^^th  water,  leaving  an  insoluble  residue  of  30  to  40  per  cent.,  and 
to  the  liqnid  60  to  70  per  cent.  This  s<>lution,  having  a  ep,  gr,  of 
VtOi  contains  chlorides,  sulphates,  and  carbonates  of  alkalies,  sulphuret 
Bmm,  iodide  of  potassium,  and  hypo«nlphitea  of  alkalies ;  by  evaporating 
ling  tho  liquor,  the  sulphate  of  potassa  and  chlorides  of  potassium  and 
ore  removed.  To  tho  remaiuing  mother-liquor,  previously  poured  into 
open  Ycisaels,  dilute  sulphuric  aci<l  is  added,  the  result  being,  tliat  while 
ervolation  of  gases,  sulphuretted  hydrogen,  and  carbonic  acid  takes  place, 
formtxl  a  thick  scum  and  a  deposit  of  gulphur  at  the  bottom  of  the  vessel ; 
phnr  when  washofl  and  dri»Dd  is  scdd.  ^Mjcn  the  evolution  of  gas  has 
sly  ooaspd,  more  sulphuric  ncid  is  added,  and,  according  to  Wollaston'a 
tho  r«3quired  quantity  of  manganese  ;  this  mixture  is  poured  into  a  large 
iietilling  apparatus,  c,  Fig,  85.     By  this  means  tho  iodino  is  set  free,  carried 

Fra.  85. 


tihe  state  of  vnponr  to  the  receivers,  b,  b\  b",  and  condensed  as  a  solid 
no  niaai.  In  Paterson*s  birj^e  iodine  works  ot  Glasgi:)W  this  operation  is 
on  in  a  cast-iron  hemispherical  vessel  of  1*3  metres  diameter,  the  cover 
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being  a  lettdoa  dome,  to  which  aro  fitted  two  eartheuware  stilllioadjB, 

by  means  of  porcr+liun  tubmg  with  two  oartUenwaie  receivers,  Fig.  85,  each  < 

ft'^ng  of  4  to  5  parts.     At  Cherbutirg,  iodino  is  obtained,  fiecording^  to 

plfln»  by  passing  cklorme  gas  into  tho  niothor-liqiior ;  by  this  phin  the  iodiouj 

8C*panit4?d  from  tho  iodide  of  magneaiuni,  tbo  latter  taking  up  chlurino  instead— 

(MgI,  +  CI,  =  Mp€I,+  I,). 
A  moro  recent  motbodT  by  which  all  the  iodino  present  in  the  mothdr-H^u 
obtjiinod,  consists  in  distilling  the  liquor  ivith  chloride  of  iitra — 

(2NaI  +  Fo.CL,  -  21  +  aXaCl  -f  2F0CI,). 
As  iodine  is  only  very  slightly  soluble  in  water,  i  part  of  iudino  roqtiiring  5524  j 
of  water  at  lo"*  to  i^""  fur  its  solution,  that  ia,  i  grain  of  itnlino  to  12  ouncet*of  i 
it  is  corried  oTor  with  tho  steam  and  do]>o6it^»d  at  the  bottom  of  the  rocj^ivor  in  \ 
form  of  a  black  powder.  When  iodine  is  prepared  by  the  aid  of  chlunii«»  ' 
quantity  of  gas  ghould  be  exactly  sufficient  to  decumpofwj  the  iodide  of  magnes 
for  if  the  quantity  of  chlorine  be  too  small  uo  iodino  is  st'paraterl,  and  ii"  too 
chloride  of  iodine  is  foniied  and  free  brornin<j,  botli  of  which  b(*ing  Vidatily  < 
Tho  iiiilino  when  removed  from  the  ret'oiversi  is  ilritinod  on  p«ir<)a8  bricks  or  t 
and  dried  between  folds  of  blotting-paper.  It  need  hartlly  bo  Siiid  that  thv  jo 
Pio.  86,  should  nut  come  in  oont:icti._ 

metallic  surface.     The  iodine 
obtained  has  to  be  ptiriEoci  by  il| 
limatiun,  an  c^penition  C4irried  oa] 
the  apjjiuutuij  represented  luFig*  j 
consisting  of  stoneware  rctorte,  o] 
plactxl  in  the  s:md-bath,  B, 
as  shown  in  the  woodcut, 
these  retorts  is  filled  with  upn 
of  40  lbs.  of  crude  iodine,  uul  ( 
tirely  suiTounded  by  sandi  in  \ 
to  prevent  tho  sublimation  of  1 
iodine  in  the  necka  of  the 
These  are  then  connect«-Hl  with  I 
reomver  or  condenser,  R  K,  iu  whic^h  the  crystalline  iodine  is  depr»sit*Hl,  the  tab 
tt  6»  a  6,  being  for  the  purpose  of  carrying  off  the  watery  vapour,     i  ton  of  1 
f,\A^  in  ,.*.  .i%.,^:ii»(>  ^-c\j  kilos,  of  ii^nline. 

^^      In   1862,  Mr,  Stanford  eugpftestod  thiit  tho  sm-wijod*  fihovllj 
..^^d  ho  t'Hlriuod,  l>nt  niniply  diMilled  with  rnqxThrJitetl  Attain*  I 
11  of  tht'  iodine,  wliile  t\w.  tarry  iind  jr:iwtiiti>  y^n^diict^  nhinald  ' 
ii«^  rnrlitmi'tf'd  pt  ft  wood,  when  quite  cold,  in  liXiAiated  with  Wl 
ride  of  potawium  (Hef- p.  130).     The  voh 
ijr  ir.iH,    ric*'tt<'  ftoid,    ainiUniiifL,   minenil 


5>ii»^r«<i  thut  til*'  W'Liiiiir  li 
tjie  iptnizine  Uuih  nirtinjr  ri - 
litiC  is  h'  ;_ited  for  tlie  M(puniti<»n  of  iodine  iii  ti 
„,      Tnide   (_1uli->»aUpitrt^    OLintftinH   on    »n    >i^ 
'  ■  '       '  *^     ■+  ^idine.      AeeoMing  t^*   V   11   ,,t 
'  in  the  pre**Ticp  of    ' 
dried  up.     The  mnti! 
ujse  ioi  the  oonvcraion  of  chlondo  i>i    poiw-s-iiSiini  ixit^u* 
.:    O'lS  to  0'36  per  cent,  of   iudinej  iir«   trenlwl  witli 
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;!  thft  iodine  separated  begins  to  re-dissolve.  Hore  recently  nitrons  acid  has 
d  in«4tead  of  sulphurous  acid.  The  iodine  thus  obtained  is  refined  by  sublima- 
ile  that  remaining  in  the  residual  saline  matter  is  removed  by  a  further  trcat- 
h  chlorine. 

and  rwtof  i.Miinc.  lodino  (I  ^  127  ;  Sp.  gT.  =  4*94)  is  a  black-grey  coloured 
no  substmce,  with  a  metallic  appearance  not  unlike  graphite.  On  being 
xline  is  converted  into  vapours,  which,  according  to  Stas,  when  concentrated 
I  bluo  colour,  and  a  violet  in  a  more  dilute  state.  Iodine  fuses  at  115'^ 
Is  above  200*.  It  is  somewhat  soluble  in  water,  readily  so  in  alcohol, 
rdrioilic  acid,  iodide  of  potassium  solution,  sulphide  of  carbon,  chloroform, 
w|\ieous  solution  of  sulphurous  acid,  and  solution  of  hyposulphite  of  soda, 
rm  of  iodine  imparts  a  violet  colour  to  starch.  Adulteration  of  iodine 
ler  pulverised  charcotil  or  graphite  may  l)e  at  once  detected  by  treating  a 
Kith  alcohol  or  a  solution  of  hyposulphite  of  soda,  in  each  of  which  the 
f  pure,  ought  to  dissolve  completely,  leuving  no  residue  on  sublimation, 
es  the  weight  of  iodine  is  fraudulently  increastxl  by  the  addition  of  water. 
»  largely  used  in  photograi)hy  combined  as  iodide  of  potassium ;  for  the 
ion  of  other  icxline  compounds,  for  instance,  iodide  of  mercury  ;  also  in  the 
ion  of  some  of  the  tar  colours,  iodine  violet,  iodine  green,  and  cyanine  blue, 
r  a  compound  from  iodine  and  lepidin,  a  volatile  base.  The  total  produc- 
)dine  in  Europe  and  Chili  amounted  in  1869  to  3453  cwts.,  more  than  half, 
wts.,  being  produced  in  Scotland  and  Ireland. 

I  of  BremiM.  The  element  known  as  bromine  occurs  to  a  small  extent  in  sea- 
litre  containing  0*061  grms.  bromine.  The  mother-liquors,  however,  of 
It  works  (for  instance,  those  at  Schonebeck,  near  Magdeburg,  and  the 
»ft  from  many  of  the  Stassfurt  salts)  are  so  rich  in  bromine,  that  its  i>re- 
is  worth  the  cost  and  trouble.  In  order  to  avoid  as  much  as  possible  the 
•e  of  chlorine,  there  is  added  to  the  mother-liquor  dilute  sulphuric  acid ; 
;urc  is  heated  to  1 20"^,  and  the  hydrochloric  acid  set  free  by  tht^  sulphuric 
.ved,  while  the  less  volatile  hydrobromic  acid  is  left  in  the  licjuor,  from 
1  cooling,  sulphates  are  doi)ositod.  The  decanted  licjuor  is  distilltMl  after  the 
of  more  sulphuric  acid  and  some  manganese.  Two  Woulfe's  botth'S  servo 
?rs;  in  the  first  are  condensed  water,  bromine,  bromofonn,  an«l  bromide  of 
rhile  any  bromine  vajKJurs  whioli  i)aF!S()Vort<>th»*  soeond  bottle  ar««a]>sorbed 
.uetic  so<la  it  contains.  The  l(?y  contained  in  this  vessel  is  »'vji])or<itod  to 
the  residue  ignit<'d  in  onler  to  convert  ]>romate  of  soda  into  broinidc^  of 
the  siiline  niass  being  tlion  mixed  with  sulplmrio  acid  and  iiianjranesi.^  and 
yi»d<ls  }»ure  bnmiine.  best  ])r«'servrd  iindrr  str«ai;r«nlphnn(^  acid. 
ing  to  Lcisler's  pat<'iit  (1S66)  bromine  i**  srpurntM  fnjrn  the  mMtherli(]inir  loft  by 
«  with  kainite,  or  caniallito.  or  from  th»'  water  of  the  Dead  Scti  (containing, 
to  IjHrtet's  analysis,  in  i  htr<«,  taken  from  a  d«  pth  of  300  iin.tns.  7093 
)7  per  cent,  of  bromine)  by  addiii^^ 'bichn^iiu'te  of  ]»)tnH--ji  rmd  an  acid;  heat 
»lit<l,  the  bromine  w  vr.latiliseil  and  coll«it«-d  in  a  condenser  tilled  with  metallic 
rim  the  bronude  of  iron  thus  formM.  eitlier  the  <'h'nieiit  itself  or  any  of  its  com- 
lay  be  obtained.  The  ajjparutuH  em])loyed  by  tliis  patentee  is  a  distilling  ap- 
the  acid  is  hydrr)chloric  dilnted  witli  four  tinie.-^  it**  bulk  of  water ;  to  100  parts 
►f  the  bromine  fluid,  i  part  by  bulk  of  acid  is  added.  Tlio  bichromate  is  added 
ated  aqueous  solution,  llie  bromide  of  iron  formed  becomes  di.HW)lv<?d  by  the 
ap<jur,  and  condensed  in  the  receiver.  Bromine  is  the  only  metalloid  fluid  at 
temperature.  Se«^i  in  thick  layers  its  colour  is  a  deep  brown -red,  but  in  thin 
hyacinth-red;  its  odour  is  stronj?  and  similar  to  that  of  chlorine  gas.  Tlie 
trjlution  of  bromine — i  part  requiring  30  parts  of  water  for  its  solution — is  of  a 
I  oolour  when  freshly  made,  but  like  chlorine- water  does  not  keep  well,  and  ii 
14 
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fioon  coii\'Qrted,  ofprnally  if  exposed  to  light,  into  a  oolonrless  Bohxticax  of  weak  ]»t<!j 
bromic  a<^id.  loo  piirt^  of  bromine  watec  coutHiii  at  15",  J226  pirte  of  bromine ;  tei  ' 
fonas  with  water  ft  solid  hydnito  nt  o".  It  i»  readily  uoluble  in  ethtr,  aloohoL  chkirodi 
and  hydrobromic  tteid.  It  yields  witb  an  aqueoud  Bolutlou  of  sulpliurottfl  udd  hvi 
bromic  acid — 

(SO,  +  H2O  +  2Br=  8O3  +  2ErH), 
Bromine  boiL*  at  63^   giving  off  deep  rc^l   vapoimi  \  at    —7 '3°  it  beoomP!* 
coluurcd.  foliatedf  pmpbito  like  Tojum,     Bromine  acts  upon  colouring^  miLttetn,  djrf*ji 
the  (olouri*  of  flowers  a«  does  chlorine,  while  organic  nxtttU'ts,  especially  d'o^**  ofi 
origin,  are  coloured  brown.    It  \e  u^^cd  in  oombination  an  bromid^^H  of  potan^iiun,  j 
niuin,  ciKlmium,  and  hj'pobroinite  of  potn^^a,  for  photographic  purpowps  anri  in  med 
and  fuiUher  aa  bromlden  of  etliyh  fimyl,  and  methyl  for  the  preparation  of  «vniti  of  thsl 
i?olourr<,  Hofraann's  blue,  and  the  preparation  of  nlizaiine  from  «nthra^*n.     Bixw 
bLso  ur^fd  as  a  disinfci?tant,  and,  aofiordinw   to  Rtiehardt,    niiiy  with  advantacu  be  { 
stitnttvi  for  chlorine  in  the  preparation  of  ferricyunide  of   potawimn.     Since  the 
1866   bromine  has   l>eou   manufactured  at   StoAsfurt,   now   the  chief   bromine-p 
localitj'*     The  total   Hunuul   production  of  bromiue  in   Europe  and  Americn 
to   1150  cwta,^  of  which  400  cwta.  are  obtained  at  Stassfurt,  and  300  owts.  ia  \ 
land. 


SuLPHtTIi. 

finiphur.     In  cnmbination  witb  coals,  rock-salt,  and  iron,  sulphur  is  tho  miiinsttjg 
present  industTial  cliomistry.     It  ia  often  found  native  between  grypsnm^  d»y,  I 
marl  in  t*.>rtLary  deposits,  more  mroly  in  veins  between  crystalline  rocks  of  j 
ecbistoeo  and  metaraorphic  varieties,  and  not  unfrecjuently  in  coal  antl 
deposits.   Sulphur  is  an  almost  constant  product  of  active  volcanoes,  bein^  f^nbli^ 
and  d<?positecl  on  surrounding  objects.     The  lur^st  sulphur  deposits  in  Eump 
met  with  in  Sicily.     It  is  also  fouud  in  E;?ypt  on  the  banks  of  tho  Red  S^.-a, 
cinlly  near  Suez;  at  Coi-fu^  one  of  the  Ionian  Mantis ;  noar  the  Cle^ir  or  Borax  J 
in  California ;  on  thct  slopos  of  tho  Popocatepetl,  in  tho  proviuco  of  Puebhi,  M* 
where  yearly  2000  cwtii,  of  sulphur  are  collected,    Frequently,  sulphur  is  do 
from  the  sulphuretted  wafers  of  minenil  8i>riu«^ ;  for  instance,  tho  waters  of  , 
la-Chapelle.     Sulphur  occurs  in  combination  with  metals,  as  in  iron  pvritea,  Fij 
with  53*3  per  cent,  of  sulphur;  this  minend  oft<;m  contains  thallium.     The  qua 
of  sulphur  contained  in  tho  lollowing  minerals  is,  from  100  parts: — Iran  pj 
(FoSJ,   53-5;    copper  pyrites  (Fe^Cu.^S^),  34*9;    magnetic  iron  pyrites,  niti 
(FoySg,  or,  acoording  to  Th.  Petersen,  Pe8),  39*5;  galena  (PbS),   13*45  *  ^i^'Jt-j 
(ZnS),   33'o;  kieserito  (MgSO^  +  H^O),   23-5;   anhydrite  (CaSO,),    23*5;  OT 
(CaSO^  +  2HL,0),  i8*6;  gaa  coal,  i*o*     According  to  Dr.  Wagner,  the  qa 
aulphur  present  in  the  coals  used  in  the  London  gasworks  annually, 
200.000  cwts.,  equal  to  612,500  cwts.  of  sulphuric  acid. 

Although  sulphur  occurs  native  a«  sulphuretted  hydrogen  and  sulpburotis  1 
©specially  near  active  volcanoes,  this  is  not  of  much  industrial  use.     The  regeoi 
tion  of  sulph\ir  from  soda-wosto  is  decitVjdly  one  of  tho  most  important  item*  ml 
sulphur  industry, 

*'"**'"Siit3.1r  "*"*"*      According  to  the  comparative  richness  of  the  i^w  mat*mn3»l 
suJphn.r  is  separated  from  its  concornitjiiit  itnpuritios  by  melting  or  by  distjllati 
Whon   tho  raw  material  is  rather  rich  it  is  simply  submitted  to  a  proc«- 
^^  *  cc^st-inm  cauldron,  B  (Fig.  87),  boated  by  a  gentle  coal  or  chart.:^' 
I  ^  -*•  During  the  melting  the  maas  is  stirrod  with  an  iron  rod,  and  aa  soon  i 

_  i^^iir  has  become  quite  fluid,  the  gangue  and  small  stones  are  romovtHj  bjri 
^e^^^^  ladlo»  C.  This  done,  the  sulphur  is  poured  into  a  wooden  or  sheet -iron  1 
''^^>.-ciorougliiy  wetted  with  water  to  prevent  tho  adhesion  of  the  stilphur  to^l 
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I©  eolpiinr  when  coM  and  solid  is  broken  into  largo  lumps  find  packed  in 
randy  for  tho  markot*  Tho  etonoa  and  gangue  are  pliiCCHl  in  hoaps^  or  more 
Kmly  introduced  into  a  shaft  furnace  (Fig.  88),  and,  a  portion  of  the  sulphur 
aaciificed  to  serve  aa  fuel,  the  greater  part  of  the  Qloment  is  eliniinatod  by  the 
fing  plan : — A  small  portion  of  the  crude  sulphur  is  igaityd  in  the  lower  part  of 
I,  and  the  abaft,  e,  filled  with  large  lumps  of  the  earthy  sulphur  ore,  fi-om 

Fi(k  88. 


FiaS/. 


mpiiily  ignited  anperficially,  the  molten  sulphur  trickles  down.  The 
l^f  /  f  f%  give  acee*ia  to  tho  air  required  for  the  combustion  of  u  portion  of  the 
f.  Tho  sulphur  collects  in  the  lower  part  of  the  furnace  and  is  tapped  off 
ohaonel  g  into  wooden  or  sheet-iron  vessels.  A  far  better  method  of  pre- 
;  BUlphur  from  the  ore  is  by  distillation,  the  Epparatus  being  that  exhibited  in 
A  is  A  oast-iit>n  cauldroni  which  is  filled  with  raw  material,  and  covered 


O^ 


^f:^fF^^/ 


tightly-fitting  iron  lid.  The  fluoa  ai-  nr  .  .^u^^u  livnn  a^  lu  heat  the  vessel  D 
,  The  vapour.^  of  «ulphur  are  carried  by  the  tube  m  into  the  condenser,  B, 
the  molten  sulphur  runs  off  into  the  vessel  Ar,  The  previously  warmed  ore  is 
tt<linitt>id  \^%  .V  by  lifting  the  damper,  p.  From  a  suggestion  made  by  E.  and 
pa VI,  siiiphur  is  obtiinod  firom  its  ores  by  tho  application  of  superheated 
it  I  JO*,  this  m»xio  of  workitig  being  the  same  as  that  employed  by  M.  Schaffiiflr 
Uying  the  sulphur  rocoynred  from  soda-i^iasto.  In  passing,  it  may  be  men- 
Tery  recently  the  extraction  of  sulphur  from  its  ores  ha-s  been  attempted 
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"by  the  aid  of  solvouts^  riz.,  sulpliid©  of  carbon  and  a  light  coal-ter  oil  of  »p. 
M.  M^H0*is  analyses  of  several  sample-is  of  crude  Sicilixm  sulphur  obtained  hji 
are — 

I,  2.  3  4- 

Sulphtir  (soluble  in  CS J    ..      ..     901         96-2        91-3        $00 

Carbonaoeons  miitt<?r , 1*0  0*5  0'7  I'l  1*0 

Sulphiir  (insoluble  in  CS,)        .♦       2*0  ^ —  1*5  a'f  1 7 

SUioeous  Hand      , 2*3  I'J  3*3  28  5*5 

Liiiie«tono  ^MmettmeB  ocokfltin)       4*1  I '8  25  30  29 

LoB»       , .      ♦ .     . .       0$  —  07  10  03 

The  bottom  portion  of  tho  blocks  of  crude  sulphur  oft^^n  contains  25  per  ocni  ti 
foreign  substances,  llie  crude  sulphur  i«  rc^fined  in  onler  to  GHminate  all  tnwn 
of  earthy  muttt^r ;  and  aftt^r  this  procees  it  Ia  brought  into  commerce  in  *tick»  01 
rolls  or  in  powder.  H 

;:Lua7-* BeflaLDf  Appumtui.  Tho  Bppaiatus  for  refiuiiig  sidphur,  invented  by  IGchelSi 
improTed  by  Lamy,  at  MarKjilles,  coneifits  mainly  of  two  cast-iron  cylinders^  B 
(Fig.  90),  used  as  retorts,  and  a  largo  brick -work  condensing-room,  o.  The  cyli 

Fio.  90. 


is  dii'cctly  heated  by  tho  fire,  the  smoke  of  which  is  carried  off  by  the  chin 
Th*3  flues,  e,  however,  surrr>und  r>,  where  tho  crude  sulphur  undergoes  a  ; 
refining,  and  whence  it  flows  by  the  tube  F  into  the  cylinder  B,    Tho  cyl 
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in  communication  with  tho  vaulted  room  o.  At  the  bottom  of  this  room  is  placed 
i  eut-iron  plate  in  which  a  hole  is  bored,  and  fitted  with  a  conical  plug,  j,  con- 
neeied  with  a  rod,  H,  so  as  to  admit  of  being  shut  and  opened  for  the  purpose  of 
tapping  sulphur  into  the  cauldron,  L,  whence  it  is  ladled  over  into  the  moulds 
placed  in  M.  N  is  a  box  for  the  roll  sulphur  when  it  has  become  cold. 
B«o  Mphnr.  If  it  is  intended  to  prepare  roll-sulphur,  the  mode  of  proceeding  is  tho 
fcUowinjj: — Each  of  tho  cylinders  is  filled  with  crude  sulphur,  tho  lids  firmly 
fastened,  and  the  joints  lut^Hl.  Heat  is  at  first  applied  to  only  one  of  the  cylinders, 
and  not  until  half  of  its  contents  are  distilled  off  is  tho  second  cylinder  heated. 
Gradually  the  heat  at  D  increases  to  such  an  extent  as  to  melt  the  cnide  sulphur ;  by 
this  fusion  the  heavier  earthy  imjmrities  settle  do^Ti,  while  any  moisture  present  is 
driren  off.  When  the  distillation  of  the  contents  of  the  cylinder  first  heated  is 
finished,  that  cylinder  is  filletl  with  liquid  sulphur  from  D  by  means  of  the  tube  F. 
The  quantity  of  sulphur  trt^ated  in  twenty-fAur  hours  yields  1800  kilos,  pure  material 
collectwl  in  o.  The  temi)erature  of  this  room  being  112°,  the  sulphur  is  there  kept 
in  a  molten  state,  and  as  soon  lis  a  sufficient  quantity  has  collected  at  the  bottom,  it 
is  tappe<l  off  into  L,  and  cast  in  the  moulds.  When  it  is  desired  to  prepare  flowers 
nowmof  suiphar.  of  sulphur.  the  mode  of  operation  is  the  same,  but  the  temperature  of 
0  should  be  kept  at  or  rather  below  110°.  This  is  effected  by  making  the  distillation 
interrupted  instead  of  continuous,  so  that  in  twentj'-four  hours  there  are  only  two 
diMillations  of  150  kilos,  each.  As  soon  as  a  sufficient  quantity  of  flowers  of  sulphur 
ha*  been  condensed  in  the  room  o,  the  door  of  the  room  is  opened  and  the  sulphiir 
removed. 

Dujardin  improved  upon  this  apparatus  in  1854.  ^y  ^^i®  process  of  distillation 
of  sulpliur  a  loss  of  1 1  to  20  per  cent,  is  incurred,  partly  due  to  combustion  of  a 
portion  of  the  sulphur.  Tlie  residue  left  in  the  cylinders  and  ves«;l  D  is  known  as 
sulphur-slag.  The  ordinary  flowers  of  sulphur  of  commerce  always  contain  somo 
sulphuric  and  sulphurf>u8  luids,  which  can  be  removed  by  can^fully  washing  with 
wutor.  Sulphur  so  treated  and  gently  dried  is  known  in  pharmacy  as  washed  flowers 
of  "ulphur,  Flores  suJphuris  loti, 

'^TilTpfri^i'.****"  WTiere  fuel  and  labour  are  cheap,  and  a  good  quality  of  iron  or 
othfT  pyrites  is  found  in  abundance,  sulphur  may  be  prepared  by  the  following 
process: — 

I.  From  iron  pj-ritcs,  FeSa«  As  this  mineral  consists  in  100  parts  of  467  of  iron 
and  53 -J  of  sulphur,  it  is  clear  that  if  half  of  the  latter  bo  reinoved  by  distillation, 
thore  will  be  left  a  compound  of  iron  and  sulphur  jneldiug  green  copi)eras  after 
oxidation.  Accordingly  iron  pyrites  uiight  by  distillation  lose  26*65  P^ii't-'J  of  sulphur, 
and  tho  residue  still  be  fit  for  making  green  coppi^ras ;  but  if  tliis  (quantity  were  to  be 
drivfn  off  in  practice,  the  temperature  would  require  to  be  raiwd  so  liigh  as  to  melt 
tho  remaining  monosulphun-t  and  lead  to  the  desti-uction  of  tli«>  firo-cla y  cylinders. 
The  quantity  of  sulphur  actually  distilled  off  on  the  largi»  scale  is  only  13  to  14  per 
cent,  leaving  a  pnlveruh»nt  rt»sidue  which  does  not  attack  tin*  fin>-clay  trj^linders. 

The  process  thus  briefly  outlined  is  carried  on  in  the  following  manner : — The  pyrites 
iipat  into  conical  fire-clay  vcn«eLs  a  a.  Fig.  91,  pluccd  in  a  w)m«wliat  ^Junting  ponition  in 
the  fnrnaoc ;  the  lower  and  narrower  jwrtion  of  the»o  vcsi^oIh  is  fitt(Hl  w'itli  a  ])orforatcd 
diaphmgm  preventing  any  p>Titc8  falling  down  b,  while  the  volatili.st<l  or  fluid  sulphur 
can  MM*  readily  through  the  holcH  into  n  receiver,  c,  filled  with  wator.  After  the  veHHoln 
A  A  nave  been  6lled  with  pjTrit«»,  tho  fire  is  kindlod  and  the  distilhition  set  in  prt)greHH. 
The  Milphur  collected  in  the  receiver  has  a  grey-grc»en  colour,  and  is  purifiwl  hy  being 
m-melted,  after  which  it  is  sent  into  the  market  in  coarsely  broken  up  lumps.     In  order  to 
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Itw  tMa  kind  of  wilplmr  from  aulphuret  of  luuenic^  it  in  mibmiti*^!  to  di«ti!k 
residue  beiug  uued  in  V(»terinary  practice.     The  dark  colour  of  the  sulphur 
from  pyritea  \m  due  to  im  adiui&ttLra  of  thallium  far  more  than   to  thf;  pn 

arsenic.     Hr.  W,  Croukee  foun 
Fta.  91.  Bulphur  obtained  from  Spanish  | 

rmuch  aa  ov29  per  cent,  of  thuUiiu 
Frrparation  of  Sulphur  br      3-    Sulphll 
Rw»i  1.^(1  Copper  1^  rue*,  obtained  by  t 
ing  of   copfHT  pyrites,  and  in  1 
becomea  a  by-product  of  Bmcltnij 
orea.     Formerly  thin  op>er»tioii  wn 
on  in  peculiarly  oonstructad  fm 
the  oojn>er*eifit'lting'  work*  of  th 
Hartz,   GennHTiy ;    at   the   pTc«< 
sulphur  from  tins  stmrce  \&  only 
at  Ag^rdo  in  Italy,  Wicklow  in 
and  at  Muhlbnch,  SahEburg^f  Awt 
Maomin-tiw-       mixture  has  li 

ployed  in  punfying-  eoal->rtti«  aul] 
to  «ume  extent  huen  obtained  1 
product.  Laming'^  mixture  m  h 
OT  any  e^oft  poroiu*  peroxide*  of  ire 
with  sawduht ;  and  in  thia  niixiurij 
may  aooumidate  to  upwards  of  40 
(Fe  O3  +  H,S  r=  iFeO-f- 11,0  i 
cording  to  flill'!*  patent  tli*?  fmJ|j 
iron  i&  calcined  to  olitain  Kulphur 
which  Vi  employed  in  the  prepai 
sulphuric  acid. 

Solpliiiff  (kom  9(4)«  Witvte.    4,  We  havi 

eoen,  while  treating  of  the  manufi 

Boda  (vid«  p.   1S5)  that  several  \ 

due  to  MM.  Scha ffiner^G  u c k ell>erff« 

P.  W.  Hofmann,  and  othors,  are  in  nee  for  the  regeneTation  of  Holphur  from  boSi 

and  that  the  quantities  recover^  arc  not  small  may  be  inferred  from  the^  fact 

Austrian  AHsoeiution  for  chemical  and  metallurgical  products,  under  the  manage 

M.  S<"haffnor,  at  Auaaig,  produces  azmually  4501,000  kilos,  of  sulphur  in  this  manni 

rtjhidction  f.f  Hiiipiiiirbj  5.  Dumas  first  made  the  oh«erration  that  when  one- 

HyrtTOiSil'ip?n%5ii**<mrufA        STilphuretted  hydrogen  is  burned  otl\  and  the  sulphur 

produced  conveyed  with  another  one-third  of  sulphurt tttd  hydrogen  into  a  leaden 

chamber,  where  moiKture  0 bounds,  nearly  all  the  sulphur  is  reg^neratwi : — 

Sulphurous  ficid,  SO,  \     .  ,;,    I  Sidphur,  3S. 

Sulphuretted  hydrogen,  2H,8  f  ^^^    )  Water,  2H,0. 

1^  this  reaction,  by  which»  however,  nearly  half  the  sulphur  is  lost  in  the  \ 

tjentathionic  acid,  it  ha^  been  frequently  attempted   to   obtain   t?n]phur 

heavy  spar,  and  soda  waste.     Tlie  procesR  is  briefly  a^  follows :— For  infitax 

natiTe  sulphate  of  barirta,  is  reduced  to  sulphuret'of  bnrium,  which  is  trewkd  "wil 

chloric   acM,  sulphuretted  hydrogen   and   chloride   of  barium  of  ooune  being 

Either  a  iwrtion  of  the  gas  is*  burnt  and  to  the  products  of  the  combiu*tion,  snlphiw 

and  water,  the  rest  of  the  gas  added,  or  the  sulphurettf^d  hydnigen  is  conveycnl  in 

to  wliich  enlphnrous  add  i*  simultaneously  conveyed  from  the  combustion  or  mti 

iron  pyrites.     Mr.  Gossage  long  since  proved  that,  by  conveying  Kulphurctttd  hydn; 

c^  'ride  of  Lron^  the  stilpbur  of   the   gas  is  depositc'd.     Sulphur  may  be  obti 

a  aiiiiilnr  reaction  as  a  V>y -product  of  the  manufacture  of  iodine  and  portasaa  s< 

kelp.     At  Paterson's  iodine  factory  at  Glasgow,  2000  ewts.  of  tois  sulphur  a» 

anniutHy.     Aooording  to  E.  Kopp   the  incomplete  combustion  ol  aulphunitted  I 

yields  ftulphxir  economical! v  (H^S  +  O  ^  H,0  +  S). 

p»-  6.    t\Titn  sulphuroua  add  gas  is  eonrcyed  over  red-hot  1 

'  the  latter  is  converted  into  carbonic  acid,  while  ttdphur  is 

By  !-  .    i?  Malphuroiis  acid  from  the  roasting  of  2inc  ores  (black-jack^ 

rerted  into  sulphur  in  large  quantitiei  at  Borbeck,  near  E»»en,  Prussia. 

»7  tteaiinff  of  Sutpbureitcd      7»  When  aulplinrett<*d  hydrogen  is  passed  through  rod-1 


llydT..i 


the  preparation  of  sulphur, 


it  is  decomposed  \  but  this  reaction  ia  not  industrially  appl 
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mpntm  •Bd  Vtn  The  yellow  colour  of  sulphur  is  generally  known ;  at  loo*  this  colour 
•rsaipkur.  deepens  and  nearly  disappears.  At  —$<>'»  sulphur  is  very  brittle  and 
sidily  pulyerised,  burning  by  the  friction,  especially  in  warm  and  dry  weather,  so  highly 
iMtriti  as  to  caure  the  pi^cles  to  adhere  strongly  to  each  other.  The  sp.  gr.  of  this 
innent  raries  from  1-98  to  2*06.  It  melts  at  1 15°,  forming  a  thin  yellow  liquid,  which,  at 
60*,  becomes  thick  and  assumes  an  orange-yellow  colour ;  when  heutc-d  to  220"*,  sulphur 
I  a  tou^h,  rrd,  scmi-Rolid ;  between  240"  and  260**  the  colour  bcctmies  red-brown,  but 
«ng  heated  abo\-«  340**  the  sulphur  is  again  somewhat  fluid,  and  at  la.st  lK)ils  at  420°  without 
ATinfr  lost  its  deep  colour,  wnich  aLx>  characterises  tlic  yapours.  When  sidphur  heatf^ 
0  250"  is  niddenly  poured  into  cold  water,  it  remains  soft  and  so  plantic  tliut  it  may  be 
druitBgeously  employed  for  obtaining  impressions  of  medids,  wotxlcutii,  and  engraved 
^tes,  these  impressions,  as  the  sulphur  again  hardens  after  a  few  days,  Mirving  as 
unldii.  On  being  heated  in  contact  with  air,  Hulphur  bums,  forming  sulphurous  acid, 
t  i«  insoluble  in  water,  very  slightly  soluble  in  absolute  alcohol  and  ether,  and  rather 
Mfe  wluble  in  warm  fixed  and  volatile  oils,  forming  the  so-called  siUphur  balsam.  The 
td  lolTents  for  sulphur  are— sulphide  of  carbon,  oal-tar  oil,  benzol,  and  chloride  of 
ulphor.*  It  also  disHolves  in  boiling  solutions  of  caiLstic  soda  or  pritjissa,  in  hot  solutions 
f  fiilpburets  of  calcium  and  potassium,  in  the  tKilutions  of  certiiin  sulpho-salts ;  for 
utanoe,  the  compound  Sb^Sj.NajS,  which  is  converted  into  8b,S5,Na,S,  and  in  solutions 
f  alkaline  sulphites,  convert^  thereby  into  hyposulphites. 

Solphnr  is  used  in  the  manufacture  of  sulphuric  acid,  gunpowder,  fireworks,  for  sulphuring 
oprisnd  ^-ines  as  a  prcson-ative  against  some  diseases  of the«se  plants;  the  quantity  of  sulphur 
wdfor  the  purpose  of  sulphuring  Wm's  in  France,  Spain,  and  Italy,  amounted,  in  1863, 
)  850,000  cwts.  of  Sicilian  sulphur,  being  about  from  20  to  25  per  cent,  of  the  entire 
rowction.  It  is  further  employed  in  the  manufacture  of  sulphurous  acid,  sulphites,  and 
pposnlphites,  sulphide  of  carbon,  ciiLuabar,  mosaie  gold  or  bisulphide  of  tin,  and  other 
HaDio  sulphurets,  ultramarine,  various  cements,  and  for  \'ulcaniHiiig  and  ebomsing 
jdia-rubber  and  gutta-percha. 

The  frreater  part  of  we  total  sulpliur  production  of  Europe  comes  from  Sicily,  whence, 
.  iSoS,  4,052,000  cwts.,  in  value  aibout  £1,500,000,  were  exporttnl.  Tlie  total  sulphur 
"odoction  in  Europe  in  1870  amounted  t<>  7,012,500  cwts.,  but  in  this  quantity  the 
ilphur  recovered  from  soda  waste  is  not  included. 

Sulphurous  and  IlYPosuLrnuRous  Acids. 
rB^anaiAcid.       This  acid  (SO2,  or  hj'dratod  II2SO3)  may  be  obtained — 

a.  By  oxidation  of  sulphur ; 

b.  By  reduction  of  sulphuric  acid  ; 

c.  By  a  combination  of  tlio  processes  a  and  h. 

The  preparation  of  sulphurous  acid  by  the  oxidation  of  sulphur  may  be — a.  By 
imiup  brim.stone  in  tho  air;  p.  By  roasting  or  calcining  iron  and  copper  pyrites,  or 
le  pHHluct  of  Laming*8  mixture  from  tho  imrificrs  of  pis- works ;  y  By  igniting  a 
lixtun'ofmanganeaeand  sulphur.  Tho  preparation  of  suli)huro'i8  acidliyroastingsul- 
hiintswhen  coupled  with  metallurgical  oi)ei-ation8,  is,  esiK'ciallysinceGerstcnhofer  s 
irnuo'  h;Lsboen  more  gonenilly  introduced,  tho  mo.st  advantageous  plan  of  obtiiining 
iis  ii'.id,  and  also  where  tho  acid  is  rt'quinMl  for  the  uianufacturo  of  .sulphuric  acid. 
Hii.Ti,  however,  sulphurous  acid  is  reciuircnl  for  tho  puq»oso  of  i)n»si:i'ying  food, 
Q'l  as  a  raw  material  in  the  preparation  of  wines,  hops,  &c.,  it  should  not  be 

•  According  to  Cossa  (1868)— 

100  parts  of  sulphide  of  carbon  dissolve  at  i^'d*  31' 15  parts  of  sulphur. 

100    „                „                 „             »  3^0'  9457     »               » 

100    „                „                 „             »  48-5°  146-21      „               „ 

100    „           benzol             „             „  260'*  096      „               „ 

100    „                „                 „             »»  7 10"  4*37     tt               >» 

100    „           ether                „             „  23-5"  097     „                „ 

100    ,>           chloroform      „             „  22-0*  1-20     „               „ 

100    „           aniline             „             „  1300*  8527     „                „ 

According  to  Pelouze — 

100 parts  of  coal-tar  oil,  sp.  gr.  088,  dissolve, at  130-0%  43*0 parts  of  sulphur. 
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miide  from  pyrites,  but  from  sulphur,  aa,  vrh&o.  obtained  from  pyntes,  it  is  alwijt 
mixed  with  arsenioiiB  acid.     Tbo  Laming's  niixturc  stituratcul  with  smlpL; 
g!i»- works  is  largtdy  used  in  the  prepiiiation  of  sulphurous  acid  in  sulpL  . 
works  in  uud  around  I^judon.     Tho  i^itirin  in  close  vessels  of  mo  tall  io  oxidv!* 
sulphiu*  c'Aii  only  be  iulvuntii{;<:'ou.sly  usiod  for  the  preparation  of  Rulpbu]tiu«  ; 
tmder  teiiiiin  conditions.     Tho  oxidoa  ihioily  ubchI  for  tiiis  purpci«©  are 
man^fanese  and  copper  ;  tho  fbiiuer  yieldfs,  acconiing  to  the  weight  of  the  c 
employed,  either  only  hall'  tho  weight  of  the  Bulphrir  in  tho  shapo  of  sulphu 
acid,  or  the  whole  of  tlio  sulj^htir  may  be  con v*-ir toil  into  aeid*     8uliihuriiu«i 
sometimes  prepareil  by  heating  a  mixture  of  eulphat^^i  of  in»n  and  sulphur— 

FeSO+  +  28==  FeS  +  zSOj). 
When  sulphate  of  zinc  is  ailcinetl  it  yielda  sulphurous  acid  and  oxygen — 

(ZnSO^  ^  SO2  +  O  +  ZnO). 

Ejodarite  (MgSO^ -|- HaO)»  mixed  with  charcoal  yields  all  its  sulphuric  addj 

sulphurous  acid. 

Tho  preparation  of  Kidphurous  ncid  by  i\\e  redaction  of  Rnlphnric  acid  i»  very  frequ 
Btdphurio  at  id  w  rt^luetd  by  hciug  i*tToii^ly  hGtitcd  in  contiict  with  certain  iiwtaU;i 
iniitaiioef  copper,  mcriurvt  and  silver :— 

topper,  Cu  j  IWaUr.iHO.  * 

A  Bmall  qutintity  of  sidphuret  of  copper  is  ako  foniied.     Tho  dOution  of 
acid  with  ciirl>onie  acid   aud   earbotiic   oxide  does  uot  interfere  with  it*  int 
Sulphuric  acid  Jm  de<'ompoa«d  aud  reduced  by  being  boil»xi  with  cdiarcijid-dust,  vom 
wood-Bhavings,  kc. 

CI,,.        -j^TTOrtf  { Sulphurfma  acid,  2SOj 

SalpT,nncac,d.2H,80j    ^^j^      O.rL.uc  add.  CO,.    ' 
Charcoal.  C  |   '  (Wuter,  2H,0.        ' 

Thia  mode  of  opiemtion  may  be  made  eontinuonn  by  keeping  up  a  supply  of 
ttcid  and  aawdiiKt  iji  the   glaa8  retort,  na  the  deconiiH)*itiun  of  both   these  fmbwtao^l 
n'ompletCy  pelding  wiilplittrnnft  aci<l,   water,  aud   oaroouic   acid.     \VTien   the  vnwrot 
Bulphurit;  acid  are  pas^'d  tlirtm^Oi  retl-hot  glas«  or   porcelain  tube*,  tJie   m'^vXt  i«J 
formation  of  solphunjus  acid,  oxygen,  and  water  (H^SO^  =  80, -|-  O  -|-  11,0  K  TliftiTtluflT 
and  de<!Oi»po«itioii  of  ralphurio  acid  by  the  aid  of  ^iiilplnir  inay  be  viewed  as  a  1      *^ 
process  of  preparing  fnilphurrtus  acid  by  oxidation  and  reduction : — 

tiulphnric  acid,  sH^SO^  (      «  | ,    i  Sulphuron*  acid,  3SO_, 
Sulphur,  S  )    ^^^"^    \  Water,  zHj^. 

In  practice,  however,  tluH  operation  in  very  di^cidt,  owing  to  the  fact-  th«.t,  lon«  I 
the  reaction  ttegins  to  take  place,  tlie  nidphur  is  tuolten,  while  i\»  soon  as  the  r  ^' — 
in  it  btioomes  ver\*  tiwtjultuoun,  and  with  tlie  sulphurous  acid  ga»  vapour«  of 

rjtrriiMl  over,  wliich  Kolidify  antl  <jbMtmct  tho  paiiHage,     At  the  ordinary  teinp<      

ire  of  the  iitnioM|)hert?,  sulphurous  acid  is  a  gas  having  a  |«mgcnt  odour,  ^ 
-  2*21.     Tliia  ga»  dissmlves  readily  and  in   large  quantity  in  winter,  t 
I  nt  iS^T  44  volumes  of  gas.     It  is  even  more  solubli  in  alouhoL     \f\ii 

]  rhe  higher  oxides  uf  nitrogen  give  up  .ncjnie  of  their  oxygen  to  the  e 

i-ting  it   into    sulphuric    atiid,   the    oxides   forming  deutoitide  of 
:ie   alsii   roinerta   moist    sulphurous   miH    giLH   into  -  aulphuric    a«id,   and 
-  ohtjiiii  with  i(Mline.     The  mixture  of  sulphurou?*  acid  and  HulphurettcHl  \iy^ 
-.uauicj*  their  mutual  iWitmpositiim,  water  being  forme'd,  and  Aulpliur  deposited.     Si  _ 
rfoos  acid  is  chiefly  f niploytd  in  preparing  anlphiiric  acid,  in  the  manufacture  of  psp*^ 
JK»>caUed  antiohlonue.  in  the  preparation  of  madder  by  E.  Kf>pp*s  proc^^te,  the  prrpiiil 
of  hyposid  phi  to  of  Mftda,  and  the  manufarturo  of  ?*ulpbnte  of  amnumia  from  laiil  A 
f Urijw '.     Sulphumus  acid  in  cmployc^rl  acrording  to  Lamiuuc's  patent  for  the 
^-  aliun-Khsile  in  the  maiuifacture  of  alum. 

Uer  employed  in  wime  meUdlurgical  processes,  for  preserviTig  fe^d,  ^1^ 
'<s.  -.]lk:,  wool,  8jHjiigeii5,  ftathtrsi,  glue,  i>*iugla8H,  and  other  animn' 
itdmit   of   b«?ing   trr>atid   with   cldorine,  and   for   bleaching 
*  bankets,  gum  arabic,  Arc.     The  bleaching  property  of  smpL^ii^rurr  i»v»i 
M  das  to  two  snttrely  dii£Grent  causes  :  in  some  UkBtanoea  Ihe  pigment  if  oolj 
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i.not  d^fltroyed,  ni  Hulplmrous  acid  entcsn  with  some  pigmpnta  into  a  coluurleisB 
ifcion ;  in  other  instancx'A,  however,  a  real  decomposition  of  the  pigment  takes 
[Tlie  former  eoiulition  obtains  with  most  of  the  blue  and  rf»d  flow<Rrs  and  fruit« ;  « 
bleached  by  Hnlphnrous  tujid  has  itn  otdour  restored  by  imniendon  in  very  dilute 
arid-  The  pijrnipnt»  of  yellow  flowers  or©  not  affected  by  aulphurous  add ; 
i  not  at  firnt  aet  upon  inflig-o  and  earxiune  and  the  yellow  cr)luur  of  raw  silk,  but 
s  combined  and  eontinued  action  of  UAh  aeid  and  direct  Hiinlig^bti  the  oxygen  of  the 
I  axis  as  ozone  and  determines  the  bleaehiniar.  The  aridity  of  snlphnrou.^  acid  for 
ky^n  may  be  utili^ied  in  extingaiishjjig'  hi'e.s,  especially  in  the  ca*e  of  the  HOot  of 
Himin-^Ts  cjiti'hiiJK"  fire,  which  may  l>e  very  readUy  subdued  by  throwing'  a  few  ounces 
»ers*  itf  sulphur  into  the  tirpplaee  or  stove. 

lafUdu.  Neutral  Kulphite  uf  linie  (SCa^Oj+ H,Q),  notitaininjcr  in  loo  parin 
I  of  6ti]phurou»  aeidf  deserves  atf4?ntion  as  a  eheap,  commodious,  ami  veiy  i^ffident 
bl«(tnicr  for  the  development  of  snlphnnuua  acid,  the  gas  being'  readily  set  frtfe  by  the 
ef  hytlrciehloric  or  sulphuric  aeid.  Bisidphites  of  lime  and  Bcnla,  the  former 
I  Mlutinii^  the  latter  &s  a  aolid  dry  puwder,  are  largely  produced  in  dome  of  tlio  beet-rc»ot 
Ibfiu  mauufi&L^turin^  countries. 

•  g/  0«4A.  This  salt  (SjNa303  +  5II1O)  is  largely  used  in  photogniphy,  in 
irgy,  aa  a  mordant  in  culico* printing,  and  aa  antjchlor  in  papL^r- making, 
dphite  of  3odu  may  be  propurud  l>y  several  mothods.  According  to  AntUon,  4 
I  of  calcined  sulphat*j  of  soda  are  mixed  with  i  to  li  parts  of  charcoal  powdur, 
» mixture*  ia  moist^^^ned  and  plactxl  in  an  iron  crucible,  and  calcined  at  red  heat  for 
■to  10  hours ;  tite  cooI»?d  innss  broken  into  small  lumpa  is  a^^ain  moistened  with 
itor  and  then  exposed  to  \h*i  action  of  sulphiirou*  acid ;  the  rotiulting  product  ia 
iohe*l  in  water,  filtered,  concentrated  by  evaporation,  and  lefl  to  crj'staUise. 
ortUnj^  to  E.  Kopp's  method,  carried  out  industrially  by  Max  Schaflher  at  Auaaig, 
isulpbite  of  lime  is  first  preparer!  by  caixsing  sulphuroiLs  aeid  in  act  upon 
(Iphnn't  of  cHlcium  (^titla  wtiste).  The  lixiviated  iimhs  is  treate<l  with  sulphate  of 
,  the  i"C:?tilt  being  the  fomaation  of  soluble  hyj^sulphite  of  soda  and  pmetiLMiUy 
)Inh1e  snlphttte  of  lime.  Very  recently  the  pentathionic  acid  (8505,11^0), 
I  io  largo  quantity  as  a  by-product  of  tbo  reaction  between  sulphun^ttwl 
«n  liud  sulphurous  acid  in  preparing  sulphur,  has  been  converted  intohypo- 
mte  of  soda  by  boiling  with  8f.da  lye  (2^505,11.0  +  3 H,0  ^38^0,, HjO). 

[nxadphite  of  Mcxln  ptJHseaspH  the  property  of  readily  fonniniar  with  onide  of  «lver 

•louhle  ftnlt.  hence  (li,^si>lviiig  eji*fily  wucli  iniwlulde  c^jmpounda  as  chloride  raid 

Piilv-  -    *  ■      -  i]iloyed  in  pli otr- gruphy  and  in  the  hydroinetallurgical  extraction  of 

for  if»ditie  it  is  UJ*ed  in  ehemistry  for  purposes  of  vulumetrical 

A  I  iiti'm  of  sulphite  and  b>'puHulphite  of  soda  disaolves  nutlaehit«  and 

pp*T  ore,  forming  h\'T>n'*uljihito  of  pi-otoxide  of   copjjor  and  Hodium.     Stromeyer 

fd  thix  reliction  to  th^  }n'dr«>metAllurgicai  extractitm  of  copper.     HjqKJisnilphite 

I  also  lifted  for  1  moniid  cbmabar  and  aniline  green;  the  hj-pcwul- 

le«d   and   iv.>]  pmposed  aa  a  paste  for  lucifer  matches.     The 

^  .    ..m1  y.r-  I  ..,^  ,    ,,  ^,j<ia  of  fusing  at  o  eompiiTatively  low  tempemture 

,  iind  cyf  readily  ftolirlifyinir  on  coohug,  has  been  ntiUj^ed  by 

" -^  tul>es  containing  explnriive  compoimd-«*  to  bo  used   nmler 

?in  i^.fi>etlo*"tt,     Tliv  enumiouB  conHumption  of  hypoBulphite  *d  noda  may  l»e  readily 

ttl  frriiu  tlie  fact  tliat  tJi(^  chemical  faet4>ry  near  Alx-hi-Chapelle  jirtxluoes  2000  cwta», 

ifiut^tory  at  xVu&sig,  Au>itria,  6000  ewts,  of  this  salt  annually. 

Manufacture  of  StrLFinJEio  Acid. 
ilphtuit;  acid.  H«S04,  con  data  in  icx»  parts  of  81  parts  of  anhydrous  solphurio 
I  and  1 8" 5  ports  of  water. 

Hicre  are  in  the  trade  two  distinct  varieties  of  this  acid : — 
«.  Fuming,  or  Nordhaust-n  sulphuric  acid  (oil  of  vitriol),  obtained  by  distillation 
from  HuljfhHtj:*  of  iron,  bisulphat©  of  soda,  sulphate  of  peroxide  of  iron,  or  by  the 
Composition  of  sulphate  of  Boda  by  moans  of  boric  acid  ia  tho  preparation  of 
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&.  Ordinary  Bulphuric  acid,  known  abrond  as  Englisli  Bulphurio  acid,  prepawd  bjr 
tbe  osidadon  of  milpharous  acid  by  means  of  nitrous  acdd,  or,  very  n&rely,  separateil 
from  native  sulphates. 

iHunin^  Ruipborfc  Aci4.  At  &  Ted  Hoat  all  sulpliates^  except  those  of  tho  alkaii<*s  and 
alkaline  earths,  are  decomposed,  and  therefore  may  be  employed  in  the  prepaniti«tt 
i)f  fuming  sulphuric  acid ;  but  on  account  of  ita  cheapnesa  sulphate  of  iron  ie  jwi^ 
ferred.  This  salt,  on  exposure  to  red  heat,  is  decomposed  into  anhydrous  sulph« 
acid  and  sulphurous  acid : — 

/  Peroxide  of  iron,  FejO^, 
Sulphate  of  iron,  sFeSO^,  yields  \  Sulphuric  ucid.  SO3, 

\  Sulphurous  acid,  SOa. 
Anhydrous  sulphuric  acid  would  indeed  be  obtained  fi'om  sulphate  uf  iron  ifl 
were  possible  to  procure  the  suit  perfectly  anhydrous,  but  as  this  cuanot  be  i 
without  decomposition,  some  water  is  always  retained,  the  result  being  the  conjp 
known  as  fuming  Bulphuric  acid,  that  is  to  say,  a  mixture  of  anhydrous  and  on 
add  (HaS04),  the  former  in  Tery  Tariable  quantities. 

Fuming'  eulphiiri€  acid  Ib  pmiared  on  the  larg^  scale  in  the  following  t^ 
solution  of  sulphate  of  Iron  is  fLrtt  eraporated  to  dr]mesA,  and  dried  ii 
as  much  aa  pofl«ibIe.  Tho  dry  BaHne  maHs,  vitriol-stone  it  is  termed  in  Gir  i 
transferred  to  fin?  day  flasks,  a,  Fi^.  92,  placed -in  a  gaUcy-ftimace,  tlie  ^ 
tkrou^h  the  wall  of  the  furnace,  and  W\n^  properly  secured  to  the  necka  of 
B  B,  Into  eaeh  of  tho  fliaaks  25  lbs.  of  vitriol-fttone  »ry  put:  on  the  first  . 
lieat  only  sulphurous  acid  and  weak  by  dm  ted  imlphuric  acid  come  OTer,  aix 

Fid.  92. 


■Jlowed  to  escape,  tbe  receiTers  not  beingp  securely  luted  untU  white  \ 

Bulphurio  acid  are  seen.   Into  each  of  the  reoeivijoff  fiaaks  jogniii,  fit  i^. . 

the  di^itiUatiou  continued  for  24  to  36  hours.    The  retort  flaska  az«  IdBmit 
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^  tnfticfriid,  and  tlie  operatjcm  repeated  four  times  b^ore  iha  oil  of  ritriol  is  deemrd 

Ij  »U%}ng.     The  rcddue  ia  tlie  retorts  ia  rod  oxido   (peiv>xide)   of  iron,  t»till 

eomie  solpliiiHc  acid,      ITie  quantity  of    fuming  acid  obtained  amoiinta  to 

per  cent,  of  the   weight  of  tlie  dehydrated   sulphate  of  iron  employed;   at 

hnXr  in  Bohcmiai  14  cwts.  of  vitrioUstoue  yield  in  thirty-aix  houra,  ^^  cwta.  of 

I  aulphoi-ic  acid. 

I  Jifnenible,  however,  to  uj*e  sulphate  of  peroxide  of  iron  instoad  of  the  dried 

"  ^:   ihe  aulphate  of  tho  peroxide  can  be  readily  prepared  by  meaiui  of  the 

Taad    - ' '     —  Mtlphuric  acid.     Frequently  the  fuming  aoid  U  prepared  by  pa^^aing 

liyftroua  fei;  i»l,  obtained  by  calcining  purfc^tly  dehy»iratM  protifiuiplifitc  of 

or,  belt  .    the  persnlphato  of  iroUt   J^to   ordinary  oil  of  vitriol.      Fuming 

Itphoric  acid   is  now  and  then  prepared  from  the  bisulphati^i  of   soda    left    aft^r  tho 
adoD  of  nitric  add  from  Chili -fyiltpetre.     In  France  calcined  sulphate  of  «ofia  and 
cid  are  intimately  mixed  and  caleined,  and  the  vapours  of  anhydrous  sulphuric 
ag«i  are  abwr^^jd  by  (Strong-  ordinary  euJphuric  acid*     Fuming  «ulphuri<i  acid 
f  liquid  of  a  brown  yellow  or  deep  brown  colour ;  it  emit^  th^^  piingint  smell  of 
I  acid,  fumei*  on  being  expoood  to  air*  and  yields  on  l>f>ing  htat' -d  vnpoura  of 
I  sulphuric  acid :  the  sp.  gr.  Tarica  from   1S6  to  i'92»     It  is  indu«itrially  hardly 
I  any  other  purpose  than  diasoMng  indigo^  I  part  of  the  latter  requiring  for  its 
14  parts  of  fuming  and  S  parts  of  ordinary  sulphuric  acid, 

rBSs^fi'"^       The  concentrated    sulphuric    acid    (IlaSQ^),   oil    of   vitriol  of 
nerce,  ctmKiat^  m  100  parts  of  81*5  parts  of  anhydrous  acid  and  iS'5  of  wator, 
>  propATAtioQ  of  this  acid  on  tho  lar**ci  scalo  in  leaden  cbambors  dates  from  the 
^46,  when  Dr.  Boobuck,  of  Birmingham,  erected  tbe  first  leaden  chamber  at 
n»,  near  Edinburgh. 

i  r  icfuro  of  sulphurio  acid  by  the  chamber  proosss^  in  which 
'\i&  acid,  and  watfr  ure  employed,  is,  acooziung  to  the  latent 
.    .     -  1  and  Winkbr  (1867),  the  following: — ^The  oxidation  of  th<? 
I  *eid  to  sulphuric  acid  takes  plj*;©  in  the  l^^adcn  chambers  under  tbe  influence 
_  our  of  water  at  the  expense  of  tho  oxygen  of  the  nitrous  acid,  which  is  con- 
fhdii  drttt'jxide  of  nitrogen.     It  is  necessary,  however,  that  the  nitrous  acid  be  firfit 
~  in  plent)'  of  water,  which  takes  up  the  free  nitrous  acid,  and  decomposes  the 
cid,  a  process  greatly  promoted  by  the  presence  in  tho  chamber  of  sulphoTOus 
dy  iutroduood.     The  wator,  usuaUy  in  tho  form  of  steam,  because  practical 
>  pnoves  that  a  certain  elevation  of  temperature  is  required,  acts  in  thiai  prooem 
I  whfiTCtn  sulphuroua  acid  ejects  reduction.     By  the  presence  of  atmo^heiio 
>  chamber  the  deatoxide  of  nitrogen  is  oxidised  into  hyponitric  or  nitrons  acid^ 
"  "  again  decomp!T«e<i  by  stdphuroua  acid;    if  the  conditions  are  favourable 
I  ii  eontinuou<4.     It  occanion ally  happens  that  the  nitrons  acid  in  contact  with 
I  Ifiid  and  oxoeas  of  wuter  form*!  protoxide  of  nitrogen,  of  course  causing  a  losa 
I  efficient  oxidoa  of  the  nitrtig-en.     Tlie  formation  of  the  so-caDcd  cliamber  ery-^tids, 
^  according  to  R.   Wel>er  of   (II  SO^  -f-  N^Oj^SO,)  only  takes  place  whcq  the 
t  not  well  manapod^  and  is  chiefly  tluo  to  want  of  water. 

flittijrtjr,!  of     Altbougb  tho  U30  of  loadou  chambers  is  duo  to  an  Englishman, 

lent  mode  of  mnnufiictunng  sulphuric  acid  was  inventt'd  (1774)  by  a  calico 

l^uen,  and    improved  by  the    celobrat-ed    CbaptaL    l*he   appjiratus 

Eitiully  of  four  part8»  viz. — i,  A  fumnco,  f,  Fig,  93,  wbero,  by  the  com- 

BOO  of^fMilpbur  or  pyrites,  sulphurotis  ncid  is  formed  ;  the  sulphurous  acid, 

ring  with  it  the  nitrous  vapours  prepared  in  the  sulphur  burner  by  means  of  a 

wlmr  contrivance,  escapes  from  the  fumaco  througb  th«:i  tulw,  t/    2.  An  apparatus 

I  with  coke  tKrougb  which  mixed  sulphuric  and  nitric  acids  percolate ,     3.  A 

taUff  of  leaden  chambers.  A,  A*,  and  A",  wherein,  under  tho  influence  of  high 

,  the  sulphuric  acid  is  formed.    4,  A  largo  apparatus,  K,  known  as 

overt  I  kilo,  of  sulphur  into  sulphuric  acid,  tho  following  quantities  of 


vn 


hur  is  prDflCint  in  free  state,  5275  litres  of  air,  containing  4320  litres 


Wb^a  the  aulphiir  is  present  as  pyritefl^  6595  litres  of  air,  containing  5276  litres  of 
nitrogiVQ. 
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Gtiy-Lussac*a  coiidens<?r,  filled  with  coke»  through  whieli  aulpliuric  acid  of  I 
(=^  1*34  ap,  gr.)  percolfltcjs,  the  aim  beini;  to  take  np  the  nitric  and  hypoidtric  acids,  fi 
the  deutoxido  of  nitrogen  aa  waa  boEeved  before  Winkler  ulucidutiid  tlm  yarn 

TiQ,  93. 
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from  the  gases  which  flow  into  the  last  chaml>or  preyioTisly  to  Wing  dischiufi 
The  funiac4>  or  humer»  as  it  is  t^clmically  c-olled  (see  Fig,  94),  is  Luilt  of  bneks;  • 
height  of  80  ceiitims,  from  the  floor  a  stout  cast-iron  plato  is  phioe«»i  bo  a«  to  lui 

a    slight   incHnfition    l"^^ 
^^^'  94-  front.     The  wnlb  are  al 

with   heavy  cast-iron   p] 
front  of  Xhii>>  huiTier  are  tl 
large  oj^enings,  F,  P*,  r",  Mhicb  0 
he  elosod  by  iron  dooro  fitted  wil 
wocxlen  hatidlea.      On   the  M  ( 
bottom   plate    throe  iron    rail*  i 

k'  —  —  — --— k    .^^        ledires.  each  lo  etuitiius,  high,  ■> 
^  ^^K       pbuvd  t<>  divide  the  bottom  of  4 
,  \_[ ■  xr-----f-     r-J^B      fui-naco  into  throe  or  six 

monte.     At  il,  lf'»  tmd  H* 

holes  for  tho  iioccsa»ry  sup 

air.     On  the  top  pkte  n  fbfld 

fixc^   tho  tul»e»  T»  whjdi  panff(J 

the  gases  generated  in  the  burner  to  the  leaden  chanjWr  of  eaeli  section  or  cow 

partnient.     Tho  burner  \^  rhurged  with  about  50  kilos,  of  sulphur;  this  iski])<U^ 

ot  the  top^  the  diiiught  of  air  through  H,  u',  and  11"  being  eo  regulated  ttfltO< 
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Fio.  95. 


ft*  ifilplitir  Uk  bd  \msTii  off  without  bei.M>ming  sublimed,  for  if  any  sulphur  were 
^  liuliawl  it  would  cause  the  isulphiirio  acid  to  be  turbid  and  milky.*  Sot  only 
Own  live  burner  supply  milphurouB  acid,  but  also  thu  lutriu  itcid  or  uitroua 
T»|Mjur8  rt<]uiiTHl  in  tht*  b?adpn  rbMmber ;  thubO  are  g^nerak'd  from  a  mixturo  of 
li  I  ln  of  t^Li  and  8iilphuric  acid  at  52**  B.  (=  1*56  sp,  gr.)  pLiced  in  the  cast-irott 
j      \  wht<"h  whou  miod  in  phicod  on  the  burning;  sulphur. 

f ;  li  tion  and  firrangf?ment  of  tho  ti^fnitrificntrur  is  shown  in  Fig.  95,  At  O 

i         I    ri  Jilting  covered  with  thick  pf*dbnited  ahottt  luad;  the  yapours  and 

at«xl  in  tho  bunicr  pass  throu|»h  M  into  the 

nys^^'  M.iM.r'«li;il«^ly  Wow  o,  upon  which  a  column  of 

ookfi  13  plttCLMi,   and   kept  sJ^turated  with  aulphuric 

idd  strongly  ch»t|^^>d  with  nitno  aoid,  obtained  by  tho 

A»fjt{t*i}*c^finri  f>f  the  erasos  from  the  lant  chiimb^r.    This 

V  miMUs  of  compressed  air  from  tho 

V  Mnnott*>  l>otUe,  V,  and  pa^aoa  thenoe 

thrtitigh  T  lUto  It,  thenco  by  T'  to  the  coke,  oTor  which 

^  ii  dnliTt»TtHl  in  fiuo  jets  by  moans  of  a  perforated 

plate  fittiMl  t*j  tho  lower  port  <jf  the  coTer  a.    The  acid 

romin^  lU  contact  with  tli6  warm  goaea  from   the 

duinb««r  yiold:s  to  theTu,  in  tho  stat^of  Tapour,  all  tho 

8  cotnjKnttHLs  dissvolvofl  in  the  sulphuric  acid,  and 

with  theso  vapours  the  gases  pasa  through 

ig.  93,  into  the  leadun  chambers.     The  denitrified 

■-'^  ^m\n  otf  thr<:»ugh  thf<  tube  (  into  a  reservoir, 

f  mijphiiric  ficid  tAkes  place  in  tho  lendcn  chambers  or  chamber.  In  many 

'..<., A  Mflv.iiN.  lur.^f  .  }nT.ihf«ri«  worked,  which  ia  thouiasabown  inFig.93, 

c 'Tilled  ciirUiin?*,  into  thrcM>  or  more  compart* 

■  TTi  into  the  acid  collcxted   there.     If  several 

art!  Wijfkui,  toijiijiuui'  lintained   by  meiuis  of   leadon   tubes,     TLe 

9  ff  «■",  coiivoy  stcnm  to  tb.  >,     The  cliambor«i  are  not  usually  all  of  the 

CSV  '  riidcrably  IfirLn  r  nnm  the  others;  in  the  largest  most  of  the  ficidia 

»nd  vapfknrs  roiituintnl  in  the  la^t  rhamber  being"  ahnost  free  from 

. -,   innjtisting   mainly  of  atunKsiJi- rii    .mt   and  nitfous   va|joTir«,   are 

^d  throu>rh  t  to  the  leaden  renervoir,  j  \  traces  of  fiulphtiric  acid  are 

\      Tlif^  ^v^fir'in  of  GayLuMac'*  coml  1  upon  the  fact  that  conoen- 

Hac^rbs  and  combines  wiUi  uttruu.i  iu  id.     The  opparatus  cou«iFt*i 

i  of  coke  8  to  10  metres  ia  hei>/bt,  through  which  strong  »iil- 

Li.i.  ^> ,  peroolateH,  the  flow  being  regidate<i  by  tbo  apparatua  shown  in 

'J  ifiirat-ed   with   nitrous   acid   is*  convovKl  Ijv  the  tubes  h  h  into  a 

^tAt^  o»  1  ii  it  ii*  again  forced  by  means  of  tho  inonte-acid  to  the  Mariotte 

By  the  tube  r"',  the  gaae«  are  convi&yed  to  the  chimney  ntalk  of  the  works,     Aa 

the  cubic  capiicity  of  ^e  leaden  chamberft,  each  20  kiloa.  of  Midphur  consmued  in 

ty-fouin  houm  requires  30  eubio  metres  (about   100  cubic  feet)  capacity ;  oa  thia 


P^ 


ito  r 


tlio<»ry,  I  molecule  of  sulphur  reqtiires  only  3  molecideti  of  oxygeij,  vi«.> 

HI.'*  nfi<l»  and  I  to  convert  the  latter  into  sulphuric  acid;    that  is  to 

"^   I  I  hur  reijiiirea  1500  grm?*.  rr  105^  HtreH  of  oxy;?*-o  =r  5275  Htre?*  of  air, 

^  ^  of  nitrogtm  an*  mntaiue<L     In  ^^irrier  to  regulate  this  supply  of  air 

-  hav(?  been  (ulopted,  am-iug  them  the  nm^niometer  mvented  by  Combe« ; 

u»  tho  Hiilphur  burner  by  means  of  a  tube,  thruugh  whiidb  the  air  supplied 

In  Eut^dfiiid  reliance  is  plaetsl  upon  the  aldil  of  the  workmen  who  regulat^l 

*  is  temK>d«  simyily  by  the  slides  in  the  dotjrs  of  the  humers, 

-^r^d  from  the  eb amber*  should  not  fiunhiin  mnre  than  2  to  3  per  cant,  of 

^. tul  manairemout  and  with  gtKxi  apparatiis  tho  maker  may  succeed  in 

Hatning  fmrn  \oq  kilo«.  of  tmlphur  306  kilos,  of  wtronjr  acid  at  i  84  wp.  gr, ;  but  tho 
H^^luttautity  from  100  kiloa.  of  sulphur  is  seldom  more  than  2S0  to  290  kilos. 
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M.     The  pmis  employed  for  this  purpose  are  rectangular  in 

e,  nither  ahallow^  but  lon;^-  and  wide,  and  supported  by  iron  [diit^'H,  .ho  that  ihe 

I  ahaH  not  strike  tho  botti)ni  diructly.    Tho  modes  of  placing  and  constructKni  jire 

I  ia  Fi^f .  97 ;  the  acid  ia  more  strongly  heated  in  the  pan,  to,  while  in  »  it  is  only 

FiQ.  97* 


J4l:-^l 


\A'  A^ 


be  hot  air.    The  drpth  ui  the  iicid  m  tho  ptnis  varies  from  24  to  36 
As  800Q  as  the  add  is  of  about  171  sp,  gr. ,  it  ia  further  deprived  of  ita 
\  of  vrrittT,  in  ^lafta,  port-^^uiu,  or  platinum  Tossels, 

iiutorra.     Plntinum  retcjrt^  ruo  now  vt>r)'  fretjuently  employed,  although  it  ia 
'  that  these  vessels,  considering  the  high  price  of  platinum^  are  expensive. 

Era,  98. 


JDP^ 


tw^ 


J 


FprfoQ  d(?peTiding  upon  the  weight »  size>  and  workmamibip.  Meesrs.  Johnson, 
jr,  and  Co,  Ilatton  Garden,  Ijondon»  are  among  the  best  makers  of  theso 
\  other  ])liitinum  apparatus. 

^jf  an  enlarged  view  of  the  platinmn  rotort,  represented  together  with  the 
I  ID  Fig.  97.     Tho  hearth  communicates  with  A.     By  means  of  tho 


2o8 


CHEMICAL   TECENOLOQT. 


qrplioii,  ac,  the  acid  from  n  can  be  traneferred  to  B ;  the  longer  leg  of  ar  dippi« 
leailen  yessch  which  admits  oi  being  lowered  to  d  l\v  the  aid  of  the  |n 
tht^n  ruuH  from  tht>  »j>out  c  inki  thy  chaniiiil  d^  and  thence,  through  the  fuiin 
inbi  the  retort,  B.    The  head,  o,  eoimnuiiiejiteB  by  means  of  tabing,  not  ftho^ 
out,  with  a  worm,  where  the  watt^r  and  very  weak  acid  mochanic^ly 
with  the  steam  are  condensed.     When  the  temfwratur©  of  the  acid  in  the  j 
etill  attains  to  310°  to  320°^  strong  acid  comes  over,  and  is  condensed  in  th*?  m 

In  ttrder  to  withdraw  Xhfi  ndH 
the  still,  when  ooiieentrat^'d 
r8o(rz63'  to  66'  B.},the  Bn 
Fig*.  99,  ifi  used.  It  is  mad^j 
the  oater  leg"  has  a  len^ 
5  metres,  and  is  surrouiid 
tuW  1 5  ten tiiuK. wide  by  36  c 
whidi  can  l>e  filled  iil  n  ?n"»iii  \ 


{me  Fiy.  97)  with  cold  wat*r,  ( 
to      "      " 


for  the  hot  wftt4T  lifiniLf  at  ^. 
tij  irnfrrearte  the  wurffloe  the  J 
tuhe  is  divided  into  four  natToil 
Tiw    liTphcin    is    filled    with 
acid  hy  d  and  f  after  clo»ng  \ 
The  verj'  hot  acid  eoob  wlulej 
thi\mgh  the  platinum  tuhe«»  and  ie  collected  in  jars,  a,  a',  a", 

^oS  11*  torn?"      When  g^lass  retorts  of  good  quality  and  sufEciently  large  ^% 

obtained  at  a  cheap  mte,  they  are  very  frequently  employed,  being  placed  t* 

nuraber  of  ten  or  more  (Fig.  100)  iu  sand-baths.     The  retorts  are  connoi 

Fio.  100. 


earthenware  balloons,  in  which  the  a<!id  iumes  are  condensed.  70  per  cenB 
BtronjEf  sulphuric  acid  sold  in  this  coimtry  is  concentrated  in  glass  retorts 
reoently  cast-iron  vessels  have  been  used  for  concentrating  sulphunc  acid. 

oti)«rMHhodk  of  sulphuric     Mnny  loethodM  of  preparing-  sulphuric  acid  have  be*5n  1 
Acid  Hauuracturv,       ^j^^  hithcrto  none  have  anywhere  PupetHeded  the  pn 
adopfted.     For  thus  reawm  it  is  necessary  to  mention  a  few  only  of  the  : 
^lucli  tbeae  methods  are  based.   Hahner  osidiiies  sulphurous  acid  with  chlo 
L  that  oteam  i*i  present  at  the  time  : — 

Sulpharon*  acid,  SO      1  ,  S„lphuri<-  acid,  H  SO,. 
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lottiod  is  baaed  waon,  the  fbUowing  reaotioiia :— i.  Ozidatioii  of  aolphiizoiie 
08  of  nitrio  add,  tine  latter  beixur  heated  to  100**  and  dilated  with  four  to  six 
k,  of  water.  2.  The  Tapoon  of  hyponitrio  aoid  aze  again  converted  to  nitric 
•zygen  of  the  air  and  steam.  In  this  process  the  leaden  ohambersare  replaced 
large  stone-ware  Woulfe's  bottles.  Although  cnonnons  quantities  of  gypsom 
tire,  aU  attempts  to  prepare  sulphuric  aoid  from  this  mineral  on  an  istdastrial 
iled.  Gypsum  is  decomposed,  hj  superheated  steam  and  at  red  heat,  into  sol* 
ozjgen,  and  sulphurous  add,  leaving  caustic  lime  in  the  retort.  H>»*^*»1^ 
DOL  with  chloride  of  lead  and  water  at  about  6o^ 


Gypsum, 
Chforide 


CaS04+2H,0) 
oflead,PbCl,    j 


i  Chloride  of  caldum,  GaCl^ 
Sulphate  of  lead,  FbS04, 
Water,  aH,0. 

de  of  calcium  solution  having  been  withdrawn  from  the  predpitate  ol 
ead,  the  latter  is  heated  with  hydrochloric  aoid : — 
Sulphate  of  lead,  FbSO.  \     .  . ,   /  Chloride  of  lead,  PbCl^ 
Hydrochloric  add,  2CIH  /  ^^^  \  Sulphuric  add,  H,S04. 
iphorie  Add.    The  most  highly  concentrated  sulphuric  add  contains  i8'i6  per 
r ;  its  formula  is  H,804 ;  sp.  gr.  :=  1*848.    In  a  perfectly  pure  stsAe  it  is  a 
uid,  but  commonly  is  more  or  lees  yellow  or  brown,  owing  to  the  presence  of 
«r.    It  destroys  many  organic  substances,  leaving  a  carbonaceous  residue, 
io  acid  does  not  fume  on  exposure  to  air ;  it  is  very  hygroscopic,  and* when 
ko  air,  gradually  absorbs  fifteen  times  its  bulk  of  water.    When  mixed  with 
leat  is  evolved.  The  boiling-point  of  the  most  highly  ooncentruted  acid  is  338^. 
ing  table  gives  the  quantity  of  anhydrous  sulphuric  add  contained  in  sul- 
tisrC.:- 


fnVl    SP-^- 

Anhydrous 
acid. 

Hvdrated 
Sulphuric  acid 

^  Sp.  gr. 

Anhydrous 
acid. 

1-8485 

81-54 

76 

1*6630 

61-97 

1-8475 

80-72 

75 

1*6520 

61-15 

1-8460 

7990 

74 

16415 

6034 

1*8439 

7909 

73 

1*6321 

59*55 

1*8410 

78-28 

7a 

1*6^ 

58-71 
57*89 

1-8376 

7740 

71 

1*6090 

1*8336 

76-65 

70 

m 

5708 

1-8290 

7583 

% 

5726 

18233 

75-02 

1*5760 

55*45 

1-8179 

7420 

67 

1*5648 

5463 

1-8115 

7339 

66 

15503 

53-82 

1-8043 

72-57 

65 

1-5390 

5300 

1-7962 

7175 

64 

1*5280 

52-18 

1-7870 

70-94 

53 

!15S 

51*37 

17774 

70- 13 

6a 

50*55 

17673 
1-7570 

67S 

61 
60 

j:tiS 

4974 
48-92 

1*7465 

11 

1*4760 

48-11 

17360 

66-86 

1*4660 

47*29 

1-7245 

66-05 

57 

1*4560 

4658 

1-7120 

65*23 

56 

1-4460 

45*68 

1*6993 

6442 

55 

1-4360 

44*85 

1*6870 

6360 

54 

1:4265 

4503 

1-6750 

62-78 

53 

I -41 70 

43-23 

«  degrees  of  Baum6  and  Twadc 

Ue, 

with  the  oorre 

spending  sp.  gr. :— • 

Degrees  Baum6 
66 

Degrees 
I 

Twaddle. 
58 

'?.|J- 

!3 

I 

54 

177 

60 

I 

40 

170 

57 

I 

30 

1-65 

50 

I 

76 

»Sa 

45 
40 

\^ 

35 

S2 

1-31 

30 

53 

1-36 

as 

i 

^ 

1*21 
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2 JO  OBEMICAl   TECENOLOOT, 

TIio  reader  desirous  of  more  information  an  to  tbe  i«peclfio  gravitieB 

Baajiic'w  hydrometers  is  referred  to  the  *'  Chemiciil  N<?w«/*  voL  acxiv,,  p   2S,  rf  •«yj 
The  MM"*  uf  sulphuric  iicid  arc  so  inimt>rou»  thwt  it  would  be  iinpojieilile  to  luil 
of   thc^m,  ftulphiirlu   nrid   bting  to  cheiiiiciil   industry  what  iron   ia   t-     *'       -  ^ 
Sulphuric  aeid  ia  eiuplaye<l  in  preparing^  a  g^reat  many  other  ucids,  a  r 

hydrochloric,  widphuroiiH,  r*tirbowi€,  tartaricT,  citric,  phosphoric,  fiteArie,  f  j 

Further,  sulphuric  ackl  is  uj*ed  in  imiking  superphoKphateti,  wxln,  8ulphato  oi  il 
alum,  sulphates  of  cop[ker  and  iron,  in  paraffin  and  ix'troleuin  retining*,  silver^ 
xnjuiufaeture  of  gnraiicineT  juraruneeux,  nud  other  madder  prepartitiioa^,  mnitifa 
gluooie  from  t^tarch,  to  dissolve  indigo^  &u. 


SVU'KIDE  OF  CaBBDN, 

BniphtdcofCartMo.  ThiB  coinpomid,  coii&isting  in  100  parts  of  i5'8  parfta  oj 
and  84*2  of  sulphur,  fonnula  CSj,  was  discovered  in  1796  by  Lampadiud.  l 
burg.  It  19  obtained  by  causing  the  vapour  of  sulphur  to  pass  over  red-bl 
or  by  distilling  an  intimnto  mixture  of  native  motullic  Bulphureta  with  cha 
coke.  Tho  hirgest  quantity  of  eulphide  of  cjirbon  is  obUined^  acco; 
and  W.  Stein ;  at  not  too  high  a  red  heat,  that  ia  to  Bay^  at  what 
gas-works  orange- red  heat. 

Sulphide  of  carbon  is  best  mannfactured  by  moans  of  Peroueers  b 
(Fig.  101).    A  is  a  fire-clay  gas- retort,  supported  oa  the  fire-clay  block  B; 


ICQ  being  that  of  a  porcelain  tube  firmly  cemented  into  the  i 
lintroduction  of  sulphur ;  the  other  opening  is  for  tho  mi\ 
t,  with  which,  bt-'fore  the  operation  commeuces,  the  retort  ; 
iilphide  of  carbon  pass  thrr*ngh  the  tubes  H  and  I  I 
f  tho  sulphide  is  condensed  and  flows  through  K  into  t 
'  lirough  it  into  0,  finally  being  run  ofl'  by  the  tap, 
pass  through  V  P  into  the  worm,  T,  the  condenBed  ^ 
Thii  crude  sulpliido  of  carbon  is  rectifictd  by  re-d 
♦ride  of  mercnrj^  by  means  of  steam  or  a  wat43r-bat] 
the  crudo  sulphide  should  remoio  in  contuct  with  1 
!H  re-distillation.    With  the  apparatus  do 
L  and  o"3  metre  in  diameter,  z  cwtfi.  of  < 
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I  mny  T>0  pTPpaiMjd  in  twelve  Kours.  The  quantity  of  sulpHide  resulting 
rcn  weigbtof  materials  is  always  much  le«s  than  the  quantity  theuri'tically 
b;  this  ia,  of  course^  partly  due  to  an  unavoidable  loss  of  liquid,  and  probftbly 
mnatioD  of  monoaulphido  of  carl>on  (CS),  a  compound  corresponding  to 
oxide.  Crude  Rilphide  of  cai-bou  contains  usually  lo  to  12  p<ir  cent,  of 
fin  solution,  and  also  Bulphur^tt^xl  hydrogen.  To  purify  the  crude  sulphide, 
powder  solution  is  addi'd  to  the  liquid  in  the  retort,  into  which  steam  at 
pessure  is  fort  til  to  oflTt-ct  the  reaction  between  the  chloride  of  lime  anil  the 
B  present  in  the  sulphide  of  carbon.  Sulphide  of  carbon  la  usually  kept 
iter.  'When  pure,,  sulphide  of  carbon  is  a  colourless  liquid^  strongly 
I,  exhibiting  extremely  bright  colours  when  in  the  sunlight.  Its  odour 
it  resembles  that  of  ehlomfoi-ra  ;  the  taj^te  is  aromatic^  Its  np.  gr.  =  i*26S4; 
g'point  is  46*5°,  consequently  the  liquid  is  very  Tolatilo  at  the  ordinary 
fcuTP  of  the  air» 

Hnlpliido  of  carbon  docs  not  combine  with  water  or  spirit«  of  wine.  It  ie  not 
e*  in  eveiy  projKjrtion  in  water  (see  *  *  Chomienl  News,"  voL  xxir. ,  p.  34) ;  in  uther 
■ofonn»  however,  it  is  frt^ely  soluble.  Sulphide  of  carbon  is  an  excellent 
rednfl,  easential  and  fixed  oils,  caoutchouc,  gutta-percha,  camphor, 
phosphorus,  and  iodine*  It  is  highly  inflammable,  burning  with  a  red -blue 
le  products  of  complete  combustion  are  sulphurous  and  carbonic  acitb?,  Tlio 
Fef  sulphide  of  carbon  with  oxygen  or  air  constitutes  an  expl^isive  tnixtiu^ ; 
fht  given  by  a  mixture  of  deutoxide  of  nitrof^n  and  sulphifl*^  of  carbon  is 
ise,  and  has  been  employed  in  photo|jrraphy .  To  Mr,  Fii*her,  of  Birniiii  ^'bam, 
honour  of  having  first  prepared  sulphide  of  carbon  for  itidiiiiitrial 


At  the  present  day  these  purposes  are  very  varied,  but  consist  chiefly  of 
ation  of  caoutehouc,  the  extractit>n  of  fat  from  Iwrnes,  nod  oils  fiY>m  oil 
[  olivce,  the  extraction  of  sulphur  from  it«  concomibint  rocks,  and  of  fat 
»nde  wool,  Sulphide  of  carbon  in  nho  used  in  electro-platinp  to  obtain  by  its 
i^  to  the  silver-bath  a  bright  and  polished  surface.  It  is  highly  valued  for 
feermin  in  com. 

Iltaiptiar.  Chloride  of  sulphur  (("la^a),  important  only  in  its  technical  use 
fcttlcaniaing  of  caoutchouc,  is  an  oily  fluid,  sp.  gr,  1*60,  of  a  brown  colour, 
f  on  exposure  to  air.  It  boile  at  144"*.  On  being  mixed  with  water  it  is 
lioted,  yielding  milphurous  end  hydrochloric  acida,  a  very  small  r|iiantity  of 
iric  acid,  and  sulphur.  Cbloride  of  fiulphur  converts  rape-seod  oil  into  a  ma89 
bling  caoutchouc,  and  linseed  oil  into  a  varnish.  Chloride  of  sulphur  is 
Ip  by  passing  cidorine  gaa  over  sulphur  heated  to  125°  to  130° ;  the  product 
Md  by  distillation . 

iTBttoarLOKic  Acid  Ayo  Glatjber'b  Salt,  or  Sulphate  of  Soda. 

htat\t  AM,  The  commercial  article  known  as  hydrochloric  or  muriatic  acid, 
i\»  of  salt,  is,  as  has  lioeu  exphuneil  in  the  manulacture  of  soda,  a  solution 

rm  given  olT  during  the  decomposition  of  common  salt  by  sulphuric  acid, 
to  effect  this  condensation,  the  gas  is  conveyed  to  the  coke  colunms,  or  in 
in^4Uic#«  is  preiiared  and  condensrxl  by  tJie  aid  of  the  apparatus  sho'vtTi  in 
I  in  Figs.  102  and  103,  and  in  plau  in  Fig,  104,  The  apparatus  consisti*  of 
I  ca*t-iron  cylinders,  17  metres  long  by  07  metre  diameter,  closed  similarly 
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to  gas  retorts  by  lids  luted  with  clay.     One  of  the  lifk  is  provided  vnkh  an  < 
o^  into  which  is  fitt<xl  the  stcmeware  or  leaflen  pipe,  a,  conrej'ing  the  hydr 
acid  to  the  condonainfr  appamtus.     The  other*  or  posterior  lid,  is  also  provido 
tm  opening*  d,  through  which  is  parsed  tho  tube  of  a  leaden  funnel,  so  that  j 
the  retort  \b  fiUod  with  salt,  snlphurio  add  may  be  poured  in,    Tho  construcsfll 


y^i  'Z-,^-: 


tmB< 


•'*H>r^ 


tho  furnace,  in  which  two  retorts  ui*.  u.^iiLiOy  placed*  ^l^  »  o  iko  flame  of  the; 
a  to  play  round  tho  rjiindei-a  before  reacliing  the  flue  leading  to  the  chiinfl 
B  is  an  arch  covering  the  fiimace.  The  first  stage  of  the  operation  is 
cylinder  with  150  kilos,  of  salt  or  chlori.de  of  potaBsium*  in  locaHtios  wh< 
is  abundant.    The  lids  or  coyers  are  nesct  luted  on,  and  the  fire  kindled*' 


rTj 


required  quantity  ui  i-tmn;^'  smjuium:  ac-m  i,s  iiuu  iJLKinni  intfi  th6  retort,  I 
funnel  having  been  withdrawn  frtjni  d,  the  hole  is  closed  by  a  clay  plug. 
^aa  the  reaction  is  over,  tho  rSo  kilos,  of  sulphate  of  soda  produoed  are  remov 
l_operation  repeated,    The  condt^nsation  apparatus.  Figs.  loa  and  104^  c 
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iilfe'a  bottles  partly  iillml  with  water,  care  being  takou  to  pla^  ihe  first 
f  bottlcjs  in  a  tank  of  cold  water.    The  ooadeasation  of  tho  last  portions 

Fto.  104. 
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loric  acid  ^...  .-.  <  .i'Cted  either  by  the  aid  o£  ooko  columns,  or  in 
jhamber^,  into  which  tine  jets  of  cold  water  are  injected  on  all  sides. 
•  ijt^AixKiAo^te  Ciiida  commercial  hydrochloric  acid  ia  commonly  a  yellow 
tliia  colour  being  due  to  chloride  of  iron.  It  has  a  cau^stic  sour  taste,  and 
0  exposure  to  air.  At  20"  water  is  capable  of  abjsorbing  475  timca  ita  own 
^y^oehloric  acid  gas;  a  sattirat**d  aolutioa  contamn  42'S5  per  cent,  of 
^k^,  be»iitg=:r  i'2i.  The  following  tablo  ghows  the  sp.  gr,  of  hyilrochloric 
IKouB  degrees  of  conceutmtion,  and  tho  quantity  of  pure  acid  (ntal  gas) 
id  at  70*  :— 

Specific 

gravity, 

1*10 


agrees  l>PRTec« 
Buinc.  Twaddle. 

26  42 


Percent  nge 
of  flcid. 


as 


Bamne,  Twaddle. 


Peroentage 
of  aci4 


^'5  2Z  22'22 

Hydrochloric  acid  is  very  largely  employed  in  tho  manufacture 
i^,  "Sal-ammoniftc,  chloride  of  antimony,  pluo,  phoaphoms,  ia  the  prepara* 
!ai'b*>mc  acid  ft*r  the  manufHi'ture  of  artificial  minorul  wutora,  in  boet-root 
orks,  bleach  work*,  hydro-metaIlui'g>%  and  alone  or  mixed  with  nitric  acid 
living  various  mntals. 

ayi  Sulphate  of  soda,  or  Glaubers  salt,  consifts  in  100  parts  of  i9»3  soda, 
phunc  aciii,  and  56  wat<T ;  fonutila,  Nii^SO*  +  ioH,0 ;  anhydrous,  Na,SO,, 
arts — soda,  43*6 ;  sulphuric  acid,  56*4*  It  is  prepared  as  described  under 
loric  acid  by  decf>mi>oBin^  common  salt  with  sulphuric  acid.  It  is  also 
^tiT©  U9  Thenaixlite  (Na^SQ^),  Brt>gniartino  or  Glauberite  (Na,SO^  +  CaS04), 
lecafa  in  aea-water  and  some  mineral  waters,  as  in  those  of  Pullna  and 
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ffoiTerted  into  sulpliate  of  soda  by  the  action  of  sulpliario  acid  with  peroxide  of 
manganeee,  heat  being  applied. 
The  process  is  as  follows : 

Common  salt,  2NaCl,  \  /  Glanber's  salt,  Na2S04, 

Peroxide  of  manganese,  MnOa»  [     yield     {  Sulphate  of  manganese,  MnS04, 
Sulphuric  acid,  2HaS04  j  (  Chlorine,  2CI,  and  2II2O. 

In  some  works  chlorine  is  prepared  by  the  reaction  of  hydrochloric  acid  and 
manganese,  and  sometimes  with  the  addition  of  sulphuric  acid.  In  the  first  instance 
only  half  the  chlorine  contained  in  the  hydrochloric  acid  is  giren  up,  because  the 
other  half  forms  chloride  of  manganese;  for — 

In  the  second  instance  all  the  chlorine  contained  in  the  hydrochloric  acid  is 

obtiined- 

Manganese,  MnO^,  \  ( Sulphate  of  manganese,  MnS04 

Hydrochloric  acid,  2CIH,  J  yield    <  Chlorine,  CU, 
Siphuric  acid,  HaS04,     )  ( Water,  211^0. 

As  proposed  by  Clemm,  a  chloride  of  magnesium  solution,  as  largely  obtained  at 
Staaeftirt,  may  be  employed  by  concentrating  the  solution  to  44*^  B  (=  i'435  sp.  gr.,) 
and  adding  manganese,  so  that  to  i  mol.  of  MnOa,  2  mols.  of  MgCla  are  taken.  The 
cooled,  solid  mass,  when  exposed  to  the  action  of  superheated  steam  at  200*^  to  300^, 
yields  chlorine  gas. 

'3!S£liIliiSa»e"*  ^®  following  methods  are  selected  as  being  the  most  scientific 
and  interesting : — 

1.  Mac  Dougal,  Bawson,  and  Shanks's  process,  consisting  in  the  decomposition  of 
chromate  of  lime  by  hydi"ochloric  acid,  the  result  being  the  formation  of  chloride  of 
diromium,  chloride  of  calcium,  and  the  evolution  of  free  chlorine — 

(2CaCr04  +  i6na  =  CraCU  +  2CaCla  +  ^TL^O  +  6C1). 
158  parts  of  chromic  acid  yields  106  parts  of  chlorine.   The  chloride  of  chromium  is 
again  precipitat«3d  with  carbonate  of  lime,  and  by  ignition  converted  into  chromate 
of  lime.    Only  three-eighths  of  the  chlorine  contained  in  the  hydrochloric  acid  is 
giren  uj),  while  manganese  yields  one-half. 

2.  Schl6sing*s  method  consists  in  acting  upon  manganese  with  a  mLxture  of  hydro- 
chloric and  nitric  acids,  the  degree  of  concentarnon  of  the  acids  being  so  regulated  by 
theaddition  of  water  that  the  mixture  yields  only  chlorine,  while  nitrate  of  protoxide 
of  manganese  is  formed :  tJiLs  salt  being  calcined  yields  manganose,  peroxide,  and 
nitric  acid.  The  nitric  acid  aids  the  oxygen  of  the  air  in  decomposing  the  hydro- 
chloric acid.  The  nitrate  of  manganese  begins  to  decompose  at  i^d'y  and  the  decom- 
position is  completed  at  175°  to  180*,  yielding  much  peroxide,  in  some  cases  even 
93  per  cent. 

3.  Vogel's  method  of  decomposing  chloride  of  copper  by  heiit.   3  mols.  of  chloride 
yield  i  mol.  of  chlorine ;  according  to  Laurens  the  process  is  : — 

2CuCla  =  Cla  -h  Cu.Cla. 
rhe  chloride  in  crystalline  state  is  mixed  with  half  its  weight  of  sand,  and  heated  in 
arthonware  retorts  to  200°  to  300"*,  yielding  chlorine  gas,  while  the  remaining  proto- 
hloride  of  coi>per  is  re-converted  into  perchloride  by  the  action  of  hydrochloric 
cid.  Mallet  has  constructed  a  peculiar  rotating  apparatus  for  the  decomposition  of 
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of  chlorino  manufacture  should  be  employed  to  form  a  violet-ooloazed  paini,  kn( 
Niirembcr^-Wolet,  a  compound  of  ammonia,  oxide  of  manganese,  and  phoaphon 
In  England  the  redidaos  are  frequently  employed  in  the  purifioation  of  ooal-gas 
disinfectants. 

^oTHciichiiSHPcSdS?'  When  chlorine  gas  and  slaked  lime  (hydrated  oxido  of  ca 
CaHaO,)  are  brought  in  contact,  a  portion  of  the  oxygen  of  tho  lime  combine 
the  chlorino,  forming  hypochlorous  acid,  which,  combining  with  the  undecon 
lime,  forms  hypochlorito  of  lime,  while  another  equivalent  of  ehlorine  con 
with  the  deoxidised  limo  (calcium)  forming  chloride  of  calcium : — 

Hydratoofli„.e..CaH,0.)  ^.j,  { Sfi" AlSrbS^f •'^• 
CHonno,  zCIa,  |  '         ^^^^r,  aH^O. 

This  bleaching-powder  consists  in  loo  parts  of : — 

Hypochlorite  of  lime      49*3i 

Chloride  of  calcium        38*28 

Water        12*41 

lOO'OO 

OP  of— 

Chlorine 48*90 

Lime 38*69 

Water        12*41 

lOO'OO 

A  bleaching-powder  of  this  theoretical  composition  does  not  and  cannot  occ 
the  trade ;  a  good  sample,  containing  26*52  per  cent,  of  active  chlorino  was  com] 
as  follows : — 

Ilypochlorite  of  lime 26*72 

Chloride  of  calcium        25*51 

Lime 23*05 

Water  of  composition  and  moisture    . .     . .     24*72 

lOO'OO 

This  analysis  may  bo  more  intelligible  by  the  following  arrangement : — 

Ilypochlorite  of  lime      26*72 

Active  chloride  of  calcium 20*72 

Excess  of  chloride  of  calcium      479 

Ilydrate  of  limo      30*46 

Water  of  composition  and  moisture     . .     . .     17*31 

loo-oo 
According  to  Dr.  Frosenius  (1861),  bleaching-powder  is  a  mixture  of  i  moL 
of  Ca(C10)3  and  2  molcculos  of  basic  chloride  of  calcium,  CaCl„2CaH,03  -|-  2U, 
'^**''*rowd?r""""*'  Bleaching-powder  is  a  white,  rather  moist  powder,  consi 
of  hypochlorito  of  lime,  chloride  of  calcium,  and  excess  of  slaked  lime.  10  pai 
water  dissolve  tho  bleacihing  material,  leaving  the  excess  of  lime ;  the  chlorine 
tained  in  the  chloride  of  calcium  also  acts  as  a  bleaching  agent,  as  on  addir 
acid  to  tho  bleaching-powder  the  hypochlorous  acid  sot  fi-ee  reacts  upon  the  hi 
chloric  acid  evolved  from  tho  chloride  of  calcium,  forming  water  and  chlorine : 

(Sjo+g}=S)o+l?}) 
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bleacliing  power  of  chloride  of  lime  does  not  come  immediately  into  play 
I  an  acid  is  added ;  this  property  is  tui-ned  to  account  in  the  prodQcing  of  white 
Qs  upott  fabrics  dyed  turkey-rc'd,  by  printixig  the  pattern  in  a  thin  paste  of  tar- 
\  acul,  the  fabric  being  alterwurds  immersed  for  a  few  minutes  in  a  solution  of 
krhlurite  of  lime.  Instead  of  eniployiiig  acids  for  eettinj^  the  chlorine  free  from 
ride  of  lime,  sulphate  or  chloride  of  zinc  may  bo  fiubstituted,  the  I'esult  being 
iitgyp9Um  and  oxide  of  zinc  are  precipitated,  while  bypochlorous  acid  remaina  in 
,*  The  yarious  industrial  uses  of  bleaching- powder  have  already  been  men- 
Chloride  of  lime,  OB  blctaehing  powder  is  generally  termed  in  thia  countrj', 
f-^e  preparation  of  oxygen,  i  kilo,  (of  tho  formula  Ca(CIO)i), 
s  92  4  litres  of  oxygen. 
As  fKe  value  of  a  sample  of  chloride  of  lime  depends  upon  the  quantity  of 
ly  actire  chlorine  and  hypocldorous  acid  it  coiitains,  Uiethuds  have  been 
tor  ascertaining  with  a  greater  or  less  degree  of  accu nuy  the  quantity  of 
B  Retire  agents.  Formerly  the  test  was  tho  diaculoumtion  uf  a  certaiin  quantity 
of  indigo  solution  by  a  certain  quantity  of  bleaching -powder  solution,  as  compared 
titli  the  uction  of  chlorine  upon  indigo,  but  it  is  clear  that  this  method  could 
Jiot  y\Ai\  ii<'eurat*^  resnlts. 

^'^^Tu't.^'**™*'^  rjt^jg  eminent  savaut  maltos  use  of  the  oxidising  action  of 
cidtjiide  tif  lime  upon  arsenious  acid,  a  Tolumo  of  dry  chlorine  gas  dissolved  in 
wtter  being  employed.  The  S4>lution  of  chlorine  is  }MJurod  into  a  graduated  tube 
dividf^l  into  joo  parts,  each  of  tiieao  divisions  corresponding  to  one-hundredth  uf 
<4Joriae,  A  solution  of  arsenious  acid  in  dOuto  hydrochloric  acid  is  also  prepared, 
ttpitftinsth  of  the  solution  being  such  that  equal  bulks  of  tho  two  liquids  suffer 
IlitttUfll  decomposition  : — 

A«eniou»ft<i.l,A9A.)  (  Arsemc  Acid,  As^O,. 

Wato.  2H,0,  yield      jj  o^Uoric  acid.  4CIH 

Chlorine,  2CI3,  /  \ 

Wat^r  is  decomposed ;  its  oxygen  combines  with  the  arsunious  acid,  forming  arsenic 
•Qd,  while  the  hydrogen  combinea  with  the  chlorine.  UijUally  i  litre  of  dry  chlorine 
IMisdiMolved  in  i  litre  of  digtilled  water.  Tho  normal  solution  of  arsenious  acid 
is  90  prejiared  that  it  is  entirely*  decomposed  by  the  chbiriue  water  to  arsenic  acid^ 
lllheteet  is  c^inied  out  as  follows  i—Take  10  gmis.  of  the  aanjple,  and  triturate  ^ath 
I  toiUed  water,  adding  sutlieient  of  the  latter  to  make  up  a  litre.  Next  take,  by 
JDfiiiis  of  a  graduated  pipette,  10  c,c.  of  the  arsenious  «cid  solution,  and  pour  it 
iitw  a  beaker,  adding  a  drop  of  indigo  solution  to  impart  a  faint  colour ;  next  add, 
lymcnns  of  a  bui-ette,  sufficient  of  the  bleaching  powder  solution  to  cause  the 
'*  '  11  arly  to  disapj>car,  then  udd  more  of  tho  indigo  solution,  aiid  again  bleaching- 
^olution,  until  tho  fluid  becomes  quite  colourless.  The  normal  arsenious 
at  inn  i«  prppai-ed  by  dissulving  4*4  grma.  of  this  acid  in  3^  grms,  of  hydro- 
id,  the  liquid  to  be  diluted  to  i  litre.  If  10  grms*  of  bleaching -powder 
I  litre  of  chlorine  gas,  it  is  of  100  degrees  strength, 

Fenot  has  modified  0ay-Lussac*8  method  in  the  following  particulars  :^ 
rthe  ftrsenious  acid  solution  he  Bubstitutes  arsemte  of  soda,  and  for  the  indigo 

•  Kipln*ionii  have  occurred  frcmi  blench  in  g-powdcr  bfing  kept  in  too  tightly  closed 
Tiwdi^,  ibir-  to  tifHiniiineouH  decern puMtion,  (Ca(ClU}j, -j-  CUiClg^^lt'ftCl^-l-Oj.  As  a  pro- 
vvtutKoi  it  i¥  raggi<^«d  that  the  puwder  ahould  t>e  ground,  packed  in  caaks,  and  strongly 
ireaed  into  u  h&td  ranaft. 
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solution  a  colourless  iodised  paper,  which  is  turned  blue  by  the  smallest  qui; 
free  acid.  The  paper  is  prepared  in  the  following  manner: — i  grm.  of 
7  grms.  of  carbonate  of  soda,  3  grms.  of  starch,  and  J  litre  of  water  arc  mixed 
the  solution  becomes  colourless,  it  is  diluted  to  J  a  litre ;  in  this  fluid  white 
soaked.  The  arsenical  fluid  is  prepared  by  dissolving  4*44  grms.  of  arsenic 
and  13  grms.  of  crystallised  carbonate  of  soda  in  i  litre  of  water.  This  sol 
poured  by  means  of  a  bui'ette  into  the  solution  of  the  chloride  of  lime  int€ 
be  tested  (10  grms.  of  the  sample  to  i  litre),  the  completion  of  the  reactio 
known  by  the  paper  remaining  uncoloured.  Mohr,  again,  has  modified  this 
in  not  however  very  essential  particulars. 

Dr. Wagner* Method.  This  tcst,  discovcrod  in  1859,  is  the  so-called  Mt 
method^  and  is  based  upon  the  fact  that  a  solution  of  chloride  of  lime  se])ar 
iodine  from  a  weak  (i  to  10)  and  slightly  acidified  iodide  of  potassium  solul 
iodine  being  quantitatively  estimated  by  means  of  hyposulphite  of  soda  :— 

Todino  2T  )  I  ^^^^^  ^^  sodium,  2NaI, 

Hyposulphite  of  soda,  2Na.S,03+5HaO,  J  ^^^^  \  ^"-^^l^^^^  "^"^^  ^ 

The  test  is  thus  executed: — 100  c.c.=  i  grm.  of  bleaching-powder  1 
obtained  by  dissolving  10  grms.  of  chloride  of  lime  in  i  litre  of  water,  ai 
with  25  c.c.  of  solution  of  iodide  of  potassium  acidified  with  dilute  hydi 
acid.  The  ensuing  clear,  deep  brown  coloured  solution  is  treated  wit 
sulphite  of  soda  solution  until  quite  colourless.  The  hj^tosulphite  of  soda 
is  composed  of  24*8  grms.  of  that  salt  to  i  litre  of  water ;  i  c.c.  of  this 
neutralises  0*0127  grms.  of  iodine  and  0*00355  grms.  of  chlorine. 

chiorometricai  Dcgreei.  The  strength  of  blcaching-powder  is  indicated  in  ] 
Eussia,  America,  and  Germany  by  degrees  corresponding  to  the  percentage 
chlorine  ;  but  in  Franco  the  degi'ees  denote  the  number  of  litres  of  chlorine 
and  760  millimetre  Bar.,  which  i  kilo,  of  bleaching-powder  can  evol 
following  table  compares  the  chlorometrical  degrees  of  France  and  Englar 

French.  English. 

63  20 '02 

65  20*65 

70  22*24 

75  23*83 

80  25*42 

85  27*01 

90  28*60 

100  3i'8o 

105  33*36 

no  34*95 

"5  3654 

120  38*13 

125  3972 

126  40*04 

The  percentage  is  calculated  by  multiplying  the  French  degrees  by  the  ( 
I.  a  litre  of  chlorine  gas  =  35*5  criths,  weighing  3*18  grms. 


CMLORATE  OF  POTASSA, 


az^ 


A  solution  of  bypoclilorite  of  potassa  is  known  in  comm^orce 
mdfflir  tho  name  of  Ean  tic  Javeilfy  while  the  enn^esponiliiig  s<>da  S4>lution  is  known  as 
Sum  de  Lahartaqut ;  these  solutions  are  prepared  by  passsiag  clilunuo  eras  into  a 
ntioaof  eithei*  ciiustio  (i),  or  carbonated  (2)  alkali  :— 
( I ).  isNaOH  +  CI,  =  XaOa  +  NaCl  -f  HaO ; 
(a).  jKa^CO^  +  CI,  +  H,0  =:  NaOCl  +  NaCl+  iNtiHCOj ; 
f  teLhaU!!iting  bleacliinj5-powd«>r  witli  water,  and  precipitating  the  solution  with 
iite  or  curbonate  of  soda  solution,  sulpkato  or  carbiniutts  of  lime  bring  thrown 
bm,  whilo  the  hypo<  hlorite  and  chloride  of  the  alkali  renitiin  in  Bolution. 
Bjpochlorite  of  aliuuiuiuni,  or  Wil'ww's  blearhiug  powder.  Is  obtained  by  imxiDg  cliloride 
1  moe  folation  with  sulphuto  of  alumina ;  its  action  in  by  evoh'iiig'  oxygen,  leaving' 
"  t  of  alumiiiiuiii  in  solution.  Hypocldorite  of  inagTirwia  iRsiinHay's  or  Umutillo's 
J  liquor}  ia  obtaincil  by  adding  smlphate  of  ma^iesia  to  u  solution  of  bleaohing- 
tlie  retjult  iM  the  fvimiatiou  of  a  Tery  (jnergetic  bleaching  compound,  whit^h,  espe* 
purptifi©  of  bleaching  finely- wo ven-fabrioH,  aa  mu«lins,  &c.,  in  proferuble  to 
uc  oa  aooount  of  thw  abflonce  of  caustio  Ibne.  VHrrentrapp*8  bleaching'  salt, 
J  of  Jiine,  ij*  another  enerpetie  blcachiitg*  compomid  obtaino*!  by  tivating  a 
of  chloride  oi  limp  with  sulphate  of  zinc,  the  n?snlt  boinpr  the  precipitatian 
tfvl^ihiit^  of  Ume,  whilt>  hy|»cKjhlorite  of  zinc  rpiiiBins  in  solution  ;  t  blonde  of  zinc  may 
~  'oyed,  but,  of  courses  the  solution  tlien  reUdiia  cliloride  ol  calcium.  Hjivxhloiito 
Ftii  is  srimetinie'*  used,  h}^c>cMorouja  acid  being  obtained  by  tho  addition  of 
Qto  sulphuric  acid* 

BiiocpotjuM.  This  salt  (KCIO3)  conaiats  in  100  parts  of  38*5  of  potassa  and 
f  chloric  add  ;  its  crystals  are  rhombic  ajid  tabular  in  foi-ra.  It  fotTuerly  was 
by  pafifiing  chlorine  gas  into  a  concentrated  solution  of  carbonate  of 
the  rcealt  being  the  formation  of  chlorate  of  potasaa  and  cljb*ridG  of 
ttum,  Aa  the  chiorat^>  is  tho  least  soluble  it  crystalRsos  t]r«t,  while  by  evapo- 
I  the  mother-liquor  yields  chloride  of  potaaainiii.  Tho  chlorate  is  then  washed 
cold  wator»  and  purified  by  re- crystallisation.  100  ttilos.  of  carbonate  of 
yield  in  this  manner  9  to  10  kilos,  of  the  chlorate.  At  the  present  day, 
«mr,  chlorate  of  potaasa  ia  prepared  by  a  method,  the  suggestion  of  the  late 
y.  Orahain,  Chlorino  is  caused  to  act  at  a  high  temperature  upon  milk  of  lime,  with 
&  result  of  the  formation  of  chlorate  of  limo  and  cliloride  of  calcium,  the  chlorate 
f  htne  bein^  alYeo-wards  decomposed  by  chloride  of  potassium.  Tho  method  by 
lack  chlorate  of  potassa  is  prepared  on  the  large  scale  according  to  this  plan  is  the 
Dg: — 1  moL  of  chloride  of  potassium  and  6  mols.  of  hydi^uto  of  lime,  having 
t  with  water,  are  submitted  to  the  uctitm  of  chlorine  gas ;  the  solution  yiolde 
l^tiporation  crystaUifiod  chlorate  of  potassa,  while  chloride  of  calcium  remains. 

^1W«  opfiratfon  \%  wirried  <m  by  the  aid  of  the  iipparatus  illustrated  in  Fig,  109.    b  b  are 
Ttlii?iiwsrt«  jaw*  pUerd  in  a  chloride  of  calcium  bath,  and  filled  T^ith  a  mixture  for 
»Img  chlorine  iras.     Tliis  gai*  in  ctmve-ycd  through  the  leadf'u  tulx*,  f  f,  to  the  Trssel,  c, 
'iplarr  ^  ' '        V  r  foi»  the  purpose  of  condensmg  any  aqneouH  vapHirs.     From 

»pii  leaden  tul>c  ^  into  the  absorptiou  vessel,  a,  in  whirh  the 

of  Li..       ...  .    baa  been  placed,     e  is  an  iron  rttirrer  covered  with  lcad| /i,  a 

Koa  of  the  tube  for  carrying  off  the  uon-abgorbed  chlorine;    rf,  a  tube  cla^eil  with 
^Vg  dtinriiT  thf^  op<^ration,  and  inteijd<?d  for  tapping  off  the  cont-enta  of  the  ves»eb     Tho 
irttd  into  the  vessel  at  50''  to  60'^  C,  while  Honictiniea  st4.'am  i^  injected 
\\  keeping  up  the  temperature,  which  riwes  as  soon  as  the  reaction  com- 

iJio  boilins--point.     A  small  qnautity  of  hyp>rhloritr  of  lime  U  always 
Bicd.     A*  soon  A4  no  more  chlorine  i»  absorbed  the  fluid  i>  tcippt'd  otf  into  a  lead-lined 
pd  afKJT  the  suspended  matter  has  be€?n  deposite<i,  is  Nyi>honod  o%^er  into  a  leaden 
*Etg  pan  and  concentrated  to  25*^  to  30"*  B,,  any  hypochlorite  of  lime  being  thns 
into  chlorate.      To    the   evaporated  and  conccntrat+Hi  solution  theie  iw  added 
htution  of  ehlnride  of  potassium,  after  wliich  the  evaporation  is  eontiiiueil  to  crys- 
atioa.    Aceoiding  to  theory,  3 j  parts  of  hme  require  i  part  of  chloride  of  jiotaaidum  i 
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in  practioef  bowoTer,  to  every  3  |>arts  of  Hme  I  part  of  chloride  of  potajBitun  is  \ 
Old  c'liluride  of  lime  whicb  ha«  beoomo  uuRt  for  bleuciiing  purpooea  muT  bo  utilind 
by  first  preparing^  chlorate  of  liioe,  and  boilliig  a  aolutiou  of  this  cnlorate,  aadiiiir  to  tie 
coucc'Utrated  fluid  chlorate  of  potasHium  to  obtain  chlorate  of  potanea.  ' '^ '  —  ^-  af 
potaasa  ia  not  altered  by  exposure  to  air,  is  solublo  in  16  parts  of  water  at  1 '  --, 

of  wat«r  at  35^  and  ill  r6  parta  of  water  at  icxj"^.     On  being  heated  to  fu 
yields   oxygen ;    if  incautiuiialy   rubbod    in   a   mortar  with  combnMiblp  aulumia&i'>n,  i 
fitdphiir  or  phosphorus,  violent  eJtpIosiuns  vrill  ensue,     i  kilo,  of  the  chlorate  yieldfi^ ! " 


T'la,  109. 


heated  wi  h  either  05  Icilo.  nf  mang-aneiie  or  i  kilo,  of  oxido  of  iron,  or,  better  still,  wt^ 
a  srajill  ♦jTiuntity  of  oxido*jf  t<vp|>er  Is*^  **  Chemical  New«,"  toI.  iiiT.,p.  H5\  ;^Qf*2  prm^j 
273  5  litl\^*^  of  oxygen.     Chlorate  of  potaasa  is  chiefly  employed  in  pyi^  r 
parution  <f  wMt©  powder,  as  an  ingredient  in  Ihe  explosive  niixtui- 
of  Hfwdlo-jtmnw,  as  an  oxidijdng  ag^nt  in  calico-printing-,  and  in  the  pre  ^-a .  ,n  r 
blai;k.     Pi  rchli>rate  of   potasaa  (KCl^O^)    is    now   more   fnxjuently  nsod  in  py 
being  \^^  dangerous  to  manipulate,  and  owing  to  the  large  quitntity  of  oxTsr^n^  i 
more  intense  lights 

AiJriitowtTT.       The  potash  met  with  in  commerce,  no  matter  from  what  1 
is  obtained,  i^  always  a  mixtiire  of  csirbonate  of  potaesa  with  other  saltn  of] 
and  soda ;  and  again  the  carbonate  of  soda  of  ©omraeroe  is  a  mixture  of  the  1 
bonate  with  other  soda  s;iU«,  chiefly  snlphato  and  chloHde,     The  valtie  of  eith 
tiie  salts  of  course  depends  chiefly  upon  the  quantity  of  pure  carbonate  proseatij 
giTen  sample.    The  quantitatiye  determination  may  be  effodittd  by  either  of  1 
rapidt  yet  sufficiently  a ccurtite,  methods:^ 
a.  Tho  estimation  of  the  quantity  of  acid  required  to  neutralise  ihid 

carbonate  ; 
h  The  dotermi nation  of  the  quantity  of  carbonic  acid  erolyed  by  the  additionj 

a  strong  add* 
It  is  clear  that  these  methods  can  bo  applied  only  when  no  other 
alkaline  carbonate  is  proscDt. 
ToiwnecriNi  MrtkwL       This  mcthod,  inventod  by  Descroizilles  and  improTed  by  ( 
ac,  is  based  upon  the  measurement  of  the  quantity  of  sulphuric  acid  reqiiirBdl 
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id  from  a  certain  quaatity  of  carbonate  of  potassa,  this  measure- 
bg  the  quantity  of  pure  salt.  The  beat  sulphuric  acid  is  prepared  by 
lo  gnns,  of  pure  aulphuric  acid^  sp.  gT.z=i  "842,  with  1000  grms*  =;  loooc  c. 
t>f  distilled  water ;  or,  instead  of  weighing  the  auid,  54*368  c.c.  may  be 
h  a  litre  of  water.  50  c .  c.  of  thi  8  norm  al  acid  solu  ti  on  sii  ffice  f  o  r  c  on  verting 
s.  of  potassa  into  sulphate  of  potasaa.  Tho  burctto  of  50  c.l\  rapHcity  and 
I  to  half  a  c.c»,  is  filled  with  test- acid ;  next  4'So7  ^*rnii5.  *>£  pota»sa  are 
ttlt  and  diissolved  in  boiling  water.  Some  litmua  tinctui-o  is  now  added, 
«t-iicid  poured  from  the  burette  into  the  potriah  esolution  until  the  colour  is 
i.  Supposing  60  demi-cc*  to  have  been  used  in  saturuting  tbe  potash, 
cting  i  ex,  for  possible  excess,  the  sample  contains  potash  of  59}*.  Tho 
>f  potoasa  per  cent  is  calculated  by  multiplj^ing  the  quantity  found  by 
lash  of  50'  contains  50  X  i*47  ^^  75 '5  P*^'^  cent,  carbonftte  oi  potassa. 
*4      Mohr  substitutes  for  the  sulphuric  acid  crystallised  oxalic  acid — 

(C2Hj04,2HzO=  126  ;  J  nioL  =  63), 
-I.  It  is  OB  strong  as,  and  similar  to,  sulphuric  acid  in  its  action  upon 
,  Being  neither  deUquescont  nor  efflorescent,  it  can  bo  readily  weighed  off 
at6with  accuracy;  3,  Its  aqueous  solution  is  not  liable  to  become  mouldy 
g,  as  are  the  solutions  of  citric  and  tartaric  acids ;  4,  It  is  not  volatile 
,ot  water.  To  prepare  the  normal  acid  b'quor,  63  gniis»  of  oxiilie  acid  are 
to  a  litre  of  water ;  on  tho  other  band,  there  is  prepun^d  a  c«>rr"*sp<mtling 
f  caustic  jK)taR8a  so  titrated  that,  on  being  mixed  with  an  equal  bulk  of 
elation,  the  hunt  drop  of  the  aiksiline  solution  restores  the  blue  colour  of 
ualy  r^dened  litmus,  provided  the  liquor  does  not  contain  cnrlionic  acid  in 
For  alkalimetric  purposes  6'9n  grms.  of  potash  or  5-32  grma.  of  soda  are 
at,  these  quantities  being  equal  to  ^^^  molecule,  and  as  the  test-acid  contains 
Jw  i  molecule  of  oxalic  acid,  100  c.c,  will  exactly  neutralist^  thn  qujintity  of 
ome  litmus  tincture  is  mixe^i  i^nth  the  alkaline  solution,  to  which  the 
d  solution  is  added  in  a  slight  excess  (5  to  6  c*c,},  tlie  solution  being 
eixpel  all  tho  carbonic  acid.  There  is  now  addtnl  by  means  of  a  pii>ette 
^  tenths-cc,  just  sufliciont  caustic  alkali  to  turn  the  litmus  blue ; 
Br  ol  C.C.  of  alkali  stilution  employed  is  deducted  fifjin  the  number  of  c.c. 
Ution  employed,  the  diflbrcnce  giving  the  pertentage  of  jture  carbonate  of 
ntoined  in  the  sample.  For  instance,  if  3*45  grms.  of  the  potasli  ^=^  ^j,  mole- 
ire  36  c.c.  of  the  add  and  3  c.c.  of  tho  alkaline  liquor,  theix?  will  be  ^^  c.c. 
-66  p^r  cent,  carbonate  of  potassa,  as,  instead  of  .^\  mol.,  ,'a  moL  having 
ioyod,  the  number  of  c.c.  of  test-acid  must  be  doubled. 

wtiinceM  of  alkalimetric  prooeiwes  will  $tuffice  for  the  purpoM?s  of  elaoidation , 
4er  will  find  fuller  explanations  iu  works  on  volumetric  analyaif^.  However,  it 
lie  obstTVcd  that  as  pota^  ia  a  very  bygpowopie  sutMitancci,  it  is  necotiaary  to 
le  wafer  it  ettnlainft,  or  at  leant  to  dry  the  sample.  As  629  gmirt,  of  commercial 
.  484  gnn-^,  of  Hfida  contain  when  pare  exactly  2  prms.  or  earbomo  ncid,  every 
I*.  loHsH  equals  1  pfir  cent,  of  carbonate.  Supposing"  the  lo«!i  of  weij^ht  to  amount 
i^pTUA.  the  sample  wiU  contain  '^^  ^  82  jwr  cent,  of  carbonate  of  potassa ;  few 
\  it  would  answer  to  say  that  such  a  sample  coonsta  in  100  parts  df : — 

Carbonate  ol  potassa » .     . ,     • ,     Si 

Foreign  salts       8 

Water . ,     , ,     10 

le  100 
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For  commerdal  ptuposeft,  howeveTf  at  liMst  Abroad,  the  mlwD  (litre)  of  « 
of  potash  cxpreaaes  thfi  pcroentagQ  of  anliydrou»  salt ;  for  biKtanoe,  by  potfuh  at  j 
in  meant  x>ota8b  contoiiung:  60  per  cent,  of  rc»l  carbonato  when  in  &  dry  stzile.  Bol 
if»  by  hax-injET  talcen  up  mowture,  100  lb?*,  have  incrciiAcd  in  weij<ht  to  105  or  to^lfafrflhr 
expr<?iwion  ^  or  ^  i«  equivalent  to  Huyitig'  that  the  amount  of  money  that  would  buy  jf^d 
dvj  mat^^riiil  wOl  aXm>  h\iy  |J,  and  ^'^  of  the  nioi«t  mlt ;  the  pureliawer,  therefore,  doo*  not 
p(iy  for  watpr,  and  aU  that  he  baa  to  do  is  to  iisoertftiii  the  tjuautity  of  water  p^^*<1lt  in  die 
Hamplc.  In  France  the  quantity  of  Boda  oootained  in  1  itample  in  uftuallj  expimattd  is 
dogreee  indicating-  the  perrenta^  of  carbonate  of  ftoda^  and  in  Eu^^land  the  perc eutagfc  d 
Caustic  tioda  \  tlius,  hs  100  parts  of  carbonate  of  Boda  e^^otoiu  58-6  of  soda  and  4 14  of  or* 
boiu©  acid,  it  follows  that — 

80*  FTcDch  are  equal  to  46'9'  English. 

86^       .,        ,.        ,,         5of 

^SmMnt^t^^J^c     ^  ^^  ppoeedingr  methods  of  testing  potash  no  notice  is  talciOLof  j 
of  I'utAib.         soda  contained  in  the  aaiuple«i,  nor  i^  the  qualitr  of  the  iwjtasM  ^ 
oonddercMl.     It  is  clear  that  these  determinations  require  a  full   analvKifs   w] 
Griiuc'l^erg's  method,  h  executed  in  the  foUnmng  manner : — The  carbonate  of 
i»  GHimmU-d  by  Liiiy-Lu£wae/»  method,  the  chlorine  by  the  aid  of   nitrate  of  KilreT, 
fiulphurio  aciid  by  nitivite  of  \eadt  and  the  quantity  of  any  free  caui»tie  pot«Miaa  is  del       ^ 
by  mean»  of  tartaric  acid.     All  the  chlorine  is  culculatod  WA  chloride  of  potassium,  all 
suipburiG  acid  a«i  ^^ulphate  of  potaeoa,  and  the  rest  of  the  potaatsa  tutcarbcmftte;  the 
thus  found  m  dedueieil  froui  that  found  alkidimetrioally,  and  tho  reinaindgr  ii 
be  carbonate  of  aoda  in  the  p^opc^rtion  of  69-1  to  53*0, 


Ammonia  akd  Ammoniacal  Salts, 
Ammonia  occurs  in  the  atmosphere,  Anmiomacal  salts  ore  met  1 
a  few  minerjila   and   in  volcanic  districts.     But  tho  bulk  of  the  amm«ima  1 
ammoniacal  salts  industrially  used,  is  obtained  from  the  drj^  distillation  of  ( 
bones,  and  animal  substances,  also  by  the  distillation  of  lant  (stale  urine] »  hfi 
action  of  uteam  on  some  cyaaogen  compounds,  and  as  a  product  of  the  bWt-f) 
process. 
The  following  sources  of  ammonia  are  technically  ayaOable  ; — 
Native  carbonate  of  ammonia. 
Preparation  of  auunoniacal  aalta  with  bor&OlO  aoid^ 
Volcanic  eal-amnioniac„ 

Ammonia  from  nitric  acid  in  the  purifjrmg  of  canotie  aodfty 
,,     deutozide  of  nitrogfen  and  ni^^ma  acid, 
,,     the  nitrogetL  of  the  air, 
„     certain  cyanogen  compounds* 
Coals  3*ield  ammonia : — 
a.  By  the  dir  distillation  for  the  purpose  of  gas  mazmfnti 
L  By  the  coidng  of  coals, 
e.  By  tho  lUJBe  of  coals  as  fuel ; 
Ammonia  from  lant, 

,  „    the  dry  diatillation  of  bomes, 

,  „     beet-root  juice. 

Ammonia,  XHj,  consists  of  1  volume  of  nitrogen  and  3  Tolumea  of  hydrogen,  fl 
denying  to  2  volumes  of  ammonia  gus,  a  colourleaa  gas  of  a  peculiar  and  well-fc 
odom*  and  sharp  biting  taste.     At  15"  water  absorbs  727,  and  at  o*  1050 
own  bulk  of  this  gas,  the  solution  being  known  as  liquid  ammonia,  or  ff|unt  of  I 
ammoniac,  the  ep.  gr,  of  which  is  o'Sz^  {^5^*S  per  cent.  XU3).     Usually,  howe 
weaker  and  more  stable  liquid  ammonia  is  prepared  for  pharmaceutical  and  lech 
purjK>so8»  having  a  sp,  gr.  ^  0"g6o  (^;  975  por  cent*  NH3).     The  following  " 
fthows  the  specific  graYity  of  liquid  ammouia,  and  the  peroentage  of 
contained : — 


8.  Inorganic 
sources. 


Organio 
sourciifl. 


^"™^  •               AIIMOXM. 

Sp.  b^. 

NHj  per  cent. 

Sp.gT. 

NH3  per  cent 

0*875 

32'5o 

o*959 

10 -Q 

|0-824 

3130 

0*961 

9'5 

Po-goo 

26*00 

0-963 

9*0 

0905 

2539 

0-965 

S'S 

0925 

19*54 

0-968 

8*o 

0932 

irsi 

0-970 

75 

kO'947 

15*46 

0*972 

7-0 

^0'95t 

iz*oa 

o'974 

6-5 

o*955 

11*50 

0*976 

60 

o'953 

Il'Ot* 

0*978 

5 '5 

0-957 

10*50 
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ga«  iH  v€fry  aoluble  in  aloohoL  The  npintm  nmrnoniaei  tfimfiei  BztmtUi  of 
I  PhATmAooptBiA  is  a  solutiou  of  amnmnia  tpAB  in  alcohol  of  o*S:20  9p.  >{T«  *  th« 
i  volation  Gontaining-  10  por  cent  of  Pe«l  NHj,  and  hairinff  a  sp*  gr.  of  o*SoS  t<i 
[The  Uqmr  amtHunit  ei/toxtt^  iti  a  inixtiire  of  i  part  of  liquid  Ammonia  (at  10  per 
"Ij)  and  J  parts  of  stroniy  ahjohoL  Liquid  ammonia  is  induHtrially  craploj'ed  for 
iction  of  the  lii-ht-n  («»rchil)  pijfmcnt^  in  the  prfpiiration  of  carmmc.  the  manu- 
l^f  smitf,  the  piirif  vjjijr  of  coal-sfafl,  for  the  removal  of  carbonic  acid  and  Hijlphiiit?tted 

§for  the  a.vpauilio;ktion  of  fats  the  prepanition  of  ferroeyaDidts  of  pola-4.^iiim 
to  GcUa'a  plaii  with  the  aid  of  gulphide  of  carbon,  for  the  e^^traotion  of  chloride 
mn  its  orc:^  xk3  antichlor  in  hleach- works,  and  in  tha  inanufaoturo  of  pijErmentdi 
A*  reirard-i*  the  use  of  liquid  ammonia  fur  the  extniction  of  copper  from 
1  ort»9>.  Bamtel  ftated  (1852)  that  the  copper  rai^ht  be  diasolvt?d  by  eimply  iinpn?/^- 
fliiv  "■!•—, I  ore  witfi  liquid  ammonia,  and  forcing-  air  throu^'h  the  niixttire» 
,  b'  lied  as   black   oxide  of  copppr  after  the  ammonia  in  distilled   off, 

.  hiia  not  bfeu  f.r«!id  to  annwer  on  the  lari?©  scale.  The  rcst*archeg 
■  Hauer,  8cli<*uUnn.  Tuttle,  and  others,  have  proved  that  tht?  oxidation  of  the 
b  i3  wffnoUnnemis  with  the  oxidatiijn  of  the  copper,  and  that  the  nitr^m.'*  acid  thus 
Ihiiv  '  nt,     Moreov«5r,  the  oxperimenta  of  Liebig  and  Way  have  proved 

^1  if  ion  wens  carn*xl  on  in  air-tifi-ht  vessels,  the  ammonia  roiild  not  be 

f  "  '"r"  to  the  fact  tliat  the  or»?«  ab^orh  ammonia,  and  reader  it 

>!  I  its  action  on  th^f^  copper.     But  if  the  eopjier  ore  be  tolerably 

Ui  Illy  containinff  litnf»  or  carbonate  of  that  ba!^»  liquid  ammonia 

|*uix^*a»fidly  ei«piov*»<L     Liquid  ammonia  in  u^ed  in  Carre's  ice-makinjr  machine^ 

fMM/^  of  thLii  macldtne  in  that  ammoulu^ml  gas  being  expelled  by  heat  from  its 
Kilntion,  is  ag-ain  condimwed  ami  liquefioil  by  prossmre  and  cooling^ ;  the  retort  in 
||ie  ammonia  in  heatt'-d  heinjLr  next  coolnti  by  water*  a  viMruum  is  created,  and  as  a 
benoe  the  ammonia  ooutained  in  the  condoiiBer  volatilistxL  returned  to  the  retort,  and 
lUcen  up  by  th«  water  present.  On  apiiii  reHumiiiji:  the  ^faHe<jUH  state,  the  ammonia 
I  ft  great  amount  of  heat,  cauwiufr  a  dimuiution  in  t*'nipemture  siiffirieut  t<j  fn;«zo 
jf  C2ttrr*'fl  ic*>-ma«diine  yield.**  10  kiloM,  of  ioo  for  every  kilo,  of  coid  oouHtiined  aa  fueL 
Fotimier  baa  nua-jrested  that  aimnoniacal  fc***  mig^ht  be  usefully  employed  in 
Tthe  join tM  of  ^m       '  in  lit p uses,  this  i«  more  readily  effw  ted  by  the  iLse  of  a 

'-pump.     Tl»f  A  iiinrm>uiii  as  a  wurce  of  motive  power  bjis  been  tried, 

t  At  prcacnt  i—  .,,  -i.-il  it  will  su^iersede  steam. 

By  deoompostng  with  caustic  lime  either  chloride  of  ammotiimn 
bnti?  of  aiTjmonia,  ammoniacal  gas  is  set  free,  aud  can  bfl  absorbed  by  water, 
iig  takon  that  tho  lime  is  in  exceas.  When  carbonatti  of  ammonia  is  prepartsd 
hkxy;Q  scale  by  siibliraation  of  a  mixture  of  chulk  and  sal- atnmoijiac,  a 
[tumtity  of  tttniunniacal  gas,  14  pai'ts  for  ench  100  paits  of  carbonate  of 
iii,  ia  obfeiino«i  and  may  bo  utilised.  Wagncsr  boa  been  the  first  to  observe 
h  tecbnicAl  preparation  of  liquid  ammonia  might  bo  combined  with  the 
ition  of  bar)*ta*whito  by  proeipitatiog  a  solution  of  sulphate  uf  ammonia 
barj^-watur;    the  clear  supernatant  liquor  will  be  a  solution  of 


AMMOmA. 


3t9 


and  iufioluble  matter,  2154  p«rtfl»     It  is,  therefore,  a  bicar>x>nate  of  aiamonia 

pftmtion  in  Tiiacaiiy  of  native  sulphate  of  mnmonia  n^  a  hy-proiluet  of  the 

mniktiou  tif  boracic  acid  ha»  recently  become  important.     Tho  suitiuni  contiiin,  in 

ti'^Ti  tit  burnrio  acid,  sulphatefl  of  putaftsai  soda,  «tnmoniA,  rubidium,  4&c. ;  and  tlmt 

of  these  subatance^  is  by  no  meuns  isuiall  may  be  inferrwi  from  Travalea 

rom  which  it  appears  that  four  sufliom   jielded   within  twenty-four  houm 

»ii-v^  ui  ialine  matter,  c^jnuiKting'  of  150  kilos,  of  borai?ic  acid,  1500  kiloii.  oi  Hidphfite 

anp<aiua,   1750  kilos,  of   bulphate  of  mii^m>si»,    750  kUos,  of   the  protot^tdphntef*  of 

rijid   mnngnnese,   &c.     The   amniania   is   probably  dui*    to    the    d'H^ompo^ititra   of 

.lus  or^inic  matter^  occurring  larg-ely  in  the  Tuscan  mountains,  i\w  **A{  nctir  the 

Uin^^  impregnate  vcixh  eulphato  of  ammonia.    In  combinntion  with  tho  »iilphntea 

.  ]Vlil^Ti«<Att|  ftiid  iron,  sulphate  of  ammonia  formM  the  mineral  Bou.saitignidtite, 

1  by  Bechi, 

Bnunooiacal  nalt*  due  to  volcanic  action  are  of  no  or  of  little  ralne  to  industry, 
■gnia,  ffulphiite  of  aioinoma,  is  met  with  on  Vei^uviuH  and  Etim;  t»al-animnmiu;  m 
\  aJfio  found  on  £t;na,  tiB  m  the  years  1635  and  1 669,  in  mic  h  largie  quantities  as 
ome  temporarily  an  article  of  ct>mmercc  at  Catania  and  Messina. 
vViumooia  ia  formed  during  many  inor^nic  chemical  opt'ratitum,  but  rarely  in 
ntitie«  rreiiderinjBr  ita  pn^'paration  or  recovtry  commercially  availiililc*  Ammonia  ik, 
iiL<tajQice,  eet  frt?e  in  the  prt^paration  of  eauj*tio  etwia  (st'C  pagi?  li>9)»  ^uul  tin-  puriii- 
latiaiof  caustic  tjoda  by  mcanw  of  nitnit^  of  wxla;  tlio  quiintity  of  animoniii  at  fn»c  in 
^  cade  is  so  lar^^  that  it  would  be  coimnercially  worth  trying  to  eondt-nse  the  gas  in  a 
(Wtc  ?r robber  or  cxindeuMpr.  Wlien  ars*'niiit*>  of  soda  is  prepared  by  dissolving  ar^cnious 
-fio  soda  ftohition,  evaporating  thin  liquid  to  an^ne8*i»  and  igniting  the  residue 
t  *tfida,  anunonia  is  diiynigage<l  in  large  quantity, 

u;  heading  **Ami§onia  an  a  by-product  of  the  manufacturo  of  sulphuric 

in  the  original  German  text  a  dcjwTiption  of  a  mere  suggestion,  embodied  m 

n.-ti  15 cation  of  an  Englinli  patent,  for  the  utilisation  of  the  waste  nitrous 

ic  acid  manufacture  in  the  preparation  of  ammonia,  by  passing  these 

in,  thrcmgh  reel-hnt  tubes  or  retort fi  filled  with  charcoal,  the  ammonio 

l-irlMi]   liv  -iil[il   irk'  acid.     Tln?i  prticcsH  could  never  be  available  but 

1]  I  Ml       1     I    V   il>,  beeause  in  well  managed  workij  the  eH<'apo  of 

:  L  iLl    iliiit    it  certainly  would  not  pay  to  convert  them  into 

rid  Attempts   made  to  dircetly  convert  the  nitrogen  of  the 
into  ammonia,  it  will   only  be   necessary  to  mention  Fleck's  suggestion,  to 
litxture  of  nitrogen,  oxide  of  carbon,  and  steam  over  red-hot  hydrate  of  lime, 
nia  and  carbonic  acid  are  formed : — 

JJitrogen.  2K  I  ( Ammonia.  2>rH,.  and 

pi   the   indirect   application  of   atmospheric   nitrogen  for  tlie  prLj):irriti.in  of 

of  more  importame,     Marirwcritti*  suggests  that  cyanide  of  barium  ^htmld  bo 

and  its  nitrogen  converted  int<j  ammonia  by  the  aid  of  a  current  of  auperheated 

at  joo".     According  to  the  description  of  this  process  in  an  English  patent,  not 

(fw  In  practice,  native  carbonate  of  baryta  is  cjilcined  with  some  30  per  cent,  of  coal- 

thi*  purpose  of  rendering  the  mass  poromj  as  weE  as  more  readily  eon  verted  into 

le    baryta  at  a  lower    temperature.      The    carbonaceous    mass    is,   after  ctjoling, 

in  a  retort,  and  kept  at  a  temperature  of   300*,  while  arr  and  aqueous  vapour 

in,  the  result  Wing  the  fonnatiou  of  ammonia  in  considerablo  quantity,  and 

uat^'  «<f   baryta,  whirh  \^  again  used.     Ammonia  is  evolved  from  ball  soda  while 

.1  the  formation  of  cyanogen  and  cyanide  of  potassium  iu  blast  fumaoea, 

{ion  of  sal-ttiumoniao  in  the  process  of  iron  smelting. 

**       Industriully  speaking,  the  organic  sourcefl  of  ammonia  are  fiir 

[portant  thaa  tho  inorganic.     Among  the  ammonia-j'ieldmg  organic  siib« 

coftl  (S)  takes  tho  tirst  place  ;  the  average  quantity  of  nitrogen — 075  per 

I— caiitomed  io  coul  is  convortad  into  ammonia  daring  throe  different  proceasofi 

iug  this  valnabhi'  mineral,  vise.  :— 

^r  the  Ary  distillation  of  coals  for  the  manufaciure^f  illuminating  gua,  aimnonin  i^ 

*  \  in  the  wj*etiUed  ga.H-,  or  amuioniacal  gas- water,  the  liquid  mainly  conHisting  of 

solution  of  iGfiquioarbotuite  of  ammonia.     The  importance  of  this  sotiroe 
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of  imuiiODia  produotion  may  be  inicrrDrl  f m^m  the  fact  thai  the  one  mfllicm  tons  of  f 
yejirly  paj-hMinixecl  hy  the  London  g>t*- works  will  yield,  isappoeiiig  all  the  mtroginL  tDl 
cunvt^rted  into  Bal-aumioTiiac,  9725  ton*  of  that  salt. 

jS,  Armiioma   is  also  fomiwi  wbeu  fso^il  is  oonrcrted  into  coke  in  ooke  orwut    Saj  I 
recently  the  utillriatiou  of  tin's  soiirco  of  ammmiia  ha»  been  micoetiKfuliy  ciimetl  00  »t  tii 
Ittrg-f  Cf*kinj.c  establiahment  ttt  Alaia,  Di>piirtempnt  du  Ganl,  Franc«>,  and  aJ- ' 
oVfcTiM  bt'lon^ring^  to  the  iSf^ete  de  Vttrbomfafkim  de  la  Lnirr^  noiir  St.   Eh 
oveua  c-onstniiitwl  accordijtg  to  Knab's  mctlic»d,  liLrgu  quaiititieii  of  ammoa 
produoed. 

y.  Ammonia  is  produtied  daring'  the  oonibustioii  of  cool  a»  fuel,  a  portioa  €i  the  oiU 
contained  in  the  coald  being  eliininatod  as  mmnatua ;  bvit  thiri,  it  txhoiUd  Ite  b^jnie  in  I 
is  a  conscqucnof  of  imjiorftiit  i^ombtifftioit,  aud  oonaeqtit'utly  of  l*^»s  of  f uf I ;  oiid  1 
a  8en4?8  of  experimentH  have  be«n  made,  and  apparatus  di^vitied  fur  collf?ctiit^  «a4  i 
denBing*  th^?  ammonia  evolved  with  the  smoke,  th»  iudustrial  productioa  from  tlus  1 
htt8  hittierto  been  very  limited. 

'^liJITwlt'Tr'"       ^i**  ^***  ^^^  most  important  source  of  amnioma  production, 
the  dry  dit-UUation  of  ccmls  for  tho  piirix>.se  of  gas  manufactuitj  there  are  fonua 
udclitioii  to  |x?rtiiaii»ut  gaso?*,  variciuij  Tupoiirs,  some  of  which  on  cooling  yiotill 
and  amnioniiieal  h(juor,  consistiiif;  ehietly,  as  before  stated,  of  a  eolutioD  of  s^'9 
carhonat-e  of  iinimoni^  but  coiit^iiniiij^  wulphiirot  and  cj-aaido  of  airitnoni\ini,  milfihor  ] 
cyanide  of  ammoniiLin^  and  siil-airimoniae,  and  being  coloiiTOd  by  tany  matti^r. 
It  is  oljvioui^  that  the  quantity  <d  timrnonia  ccmtaiued  in  this  liquor  Im  not  uU 
consfetut,  but  depends  upon  Bt^veral  conditions ;  for  iuBtnnce,  the  quantity  of  nit 
coutninefl  in  the  ga^  coals,  the  hy^OfK^^pic  moLstoTf?  of  tlie  coals,  and  the  ileg 
heat  applied  to  the  retorts.    The  nearer  tho  retorts  are  kept  to  a  bright  oran^'^ 
heat,  and  tho  lonjiier  tho  diatillntion  is  continued,  the  larger  the  quantity  of  funir 
formed ;  for  at  a  lower  tem|x?ruture,  of  ooui-se  always  a]>ove  red  heat,  thfire  mii^ 
fornied  aniUue,  ehinoline,  lepmline,  and  cyanogen  t5«>nipound».     Takin 
quantity  of  the  hygrf^scopic  moisture  of  coals  at  5  per  cent.,  and  the  h 
avernge  of  075  per  cent,  100  kilos,  of  coal  would  yield,  under  the  most  i 
conditions,  o'gt  kilo,  of  aramonia.   According  to  Dr*  A.  W.  Uofmann'si 
coal  yields,  when  distilled,  only  ono-third  of  its  nitTf>gen,  two-thirds  being  retaio 
the  cnke  ;  but  no  accurate  experiments  have  been  mnile  on  this  subject.    It  J 
practically  oseertainetl  on  tho  large  scale,  thut  i  cubic  metre  (=220*096  j 
gas-water  yiehb  at  least  50  kilos,  of  dry  sulphate  of  ammonia.     The  u  i 
gas-water  may  bo  utilised  in  various  ways.   Where  fuel  is  cheap,  and  •  ; 
of  amuiouia  or  crude  sal-ammoniac  marketable  article,  the  ga^  water  may  bent  li 
neutiulisotl  by  an  ncid,  and  the  liquid  thus  obtained  ovaporat'CcL     This  is  doaef 
eal-ammonlac  factory  at  Liverpool,  where,  during  the  ooldtr  sensoQ  of  the  1 
300  cwts.  weekly  of  this  salt  are  prepand.     Genenilly,  however,  tho  gan-n 
is  snbfnitted  to  a  ])nKx»sa  of  diBlillution,  and  the  ammonia  evolved  conwrt^l  i 
sulphate,  as  in  Xfallet's  apparatus,  or  into  sul-ammouiac,  as  in  Bote's  appur 

iUiift't  AtrtM/mtut     This  apparatus,  in  use  in  many  of  the  large  gjis-works.  u  1 
vertieal  section  in  Fig.  1 11.     The  plan  of  action  is  to  force  steam  into  liirge  1 
fille<l  with  gas- water,  the  effiict  being  the  volatilisatioa  of  the  carbonate  of  dtnn 
^metimes  lime  is  added.     The  volatilised  ammonia — of  course  if  lime  is  1 
caustic  ammonia   is   evolved — is   next   conveyed   into   an   acid  liqu<»r,  imd  I 
converted  into  sulphate  of  ammonia.     The  apparatus  consifitii  of  two  crlii 
boilf^r-plate  vessels,  A  and  B.     A  is  heated  directly  by  the  fire,  and  is  ' 
a  lejid<'n  tube,  r,  dipjnng  into  the  liquid  eontained  in  B,  thid  vessel 
to  i'ijti'h  tVio  waste  heat  from  the  ftre.    b  and  e  are  man-holee;  a  and  a'  stiirenkj 
^  moans  of  the  tub©  d  the  fluid  from  6  con  be  nm  off  into  A.    Gaa- water  is  1 


botii  Tessela  and  lime  added ;  ammoQia  is  set  tree^  vfhile  carbonate  of  lime  and 
mret  of  calcium  are  formed,  and  of  course  remain  in  the  Tessels  after  the  vola- 
kion  of  tiie  ammonia.  The  voasel  P  is  ako  filled  with  mnmouiaciil  water,  and 
I  tbi*  operation  h  in  progress  this  water,  already  warmed,  is  run  by  the  aid  of 
ibe  h  from  D  into  B.  E  is  a  gas- water  tank,  from  which  D  is  filled  by  means  of  g* 
lunmoma  ^t  free  in  a  is,  with  the  steam,  conveyed  by  the  pipe  c  into  Bj 
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ftte  of  atnmgamt  and  At  each  operation  200  ki]o4«.  of  that  salt  are  obtainod  hj  the 
ixx^  of  one  of  the  apparatus  just  ilencribfd.  It  ia  stated  that  from  the  800,000  cubici 
*  t*f  uriiiu  yearly  tun  wa^t**  In  Paris  ubiue,  there  could  be  ubtaiiied,  by  propca*  treat* 
,  7  to  ^oo^ooa  kilos,  of  milphute  of  anunonia. 

HioBff.  10.  By  thu  destructive  distillation  of  animal  fiubstanoes,  Buch  aa 
,  hoofet  of  horses,  refuse  horn,  skins,  hides,  decayed  meat,  &c.,  thero  ia  obtained 
I  of  products,  among  which  carbonate  of  ammonia  prevails,  w-ith  cyanogen 
t»und9,  siilphuret  of  aiomoniiini,  and  tarry  matter — a  %'©ry  complex  liquid  con- 
ttg  pyrrol,  bases  of  the  ethylamin  acnoa^  pjT-idin^  CjlIjX,  picoHn,  CeH^X^ 
ittdin,  C^II^N,  and  coUidin,  CallnX,  The  organic  iriatter  of  these  substances 
ns  from  12  to  iS  jxjr  cent,  nitrogen;  the  orgjtnic  matt^^r  of  bones  rontuins  18 
\oetkX,  of  niti'ogon,  and,  as  the  organic  matter  amounts  to  about  one-thini  of  the 
ght  of  the  bonep,  these  contain  about  6  per  cent  of  nitrogen.  IhitTalo  bum  con- 
I  17,  wiUMte  woollen  fabries  10,  and  old  leather  67  per  cent,  of  nitrnor»:jQ. 
Vu  oTidont  that  the  quantity  of  ammonia  in  the  pmduets  of  the  ilry  distillation 
limal  substances  depends  upon  tbe  kind  and  condition  of  these  materials,  and 
1  the  temperature  at  which  the  operation  takes  place.  The  carbonate  of  am- 
1 15  obtained  in  the  csondenscrs  as  a  solid  saline  mass,  the  eioide  sal  conia  cervi\ 
\  Aqueous  solution  (so  called  ^pintu^  cornit  cenfi)^  floating  on  the  surfoce  of  the 
^r.  At  the  present  time  the  manufacture  of  ammonia  and  its  salts  from  the  products 
of  the  ilry  distillation  of  animal  substances  is  a  matter  of  but  limited  industrial 
iin|H>rtan*:«,  owing  to  the  extended  coal-gas  manufactnro.  Indeed,  drj*  di.stilloticn 
toaovonly  carried  on  for  the  purpose  of  obtainijig  anim^U  charcoal,  and  the  occur- 
iwjcts  of  ammoniacal  products  is  rather  considGrod  as  a  necessfiiy  but  unavoidable 
A  lar^'e  quantity  of  animal  matter  is  naed  for  the  manufacture  of  phosphorus 
I  of  prossiatcs,  and  in  these  operations  the  manuikcture  of  ammoniacal  salts  is 
m  ulto^i'lher  out  of  the  question  or  etfectod  only  on  a  limited  scale. 

.t»,c  n«rd  for  the  destruotive  diHtillntioti  of  animal  matter  is  in  Home  reject* 
<n  ovon.  Fig.  115  exhibits  the  ifttnitnietion  in  jtfen»>ral  u«»e  for  what  is 
'  '.'oal  baming.     The  retorts  intended  to  couttiin  the  bones  are  »et  in 

Fio-  115 


^ 


■  ^^' 


ktU'd  ni  the  end  farthest  r  jiionth  with  tnbes,  t?  ^  commtmicatinj? 

r«i,  B,  c,  4:0,     In  the*M^  LhuiulK-i-H  the  vafiours  are  eondenftrd,  ffirminsr 

\^^hieh  is  purified  by  nublimation  in  the  iron  vesaelf^  D  n,  fitud  ^ntfi 

rry>Tcr»*      If*  inintcad  «>f   bunes,  other  animal  nuittcra,  for  inatonce,  horn,  woollen 

lid  leather-!  uttingu,  are  operated  upon,  tho  resiUt  ia  that,  instead  of  solid 
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carVtonate  of  ommoma.  an  ammoniftcal  fluid  of  13°  to  15*8.19  obtuned,  wlir^i  r^^r  V^ 
utilbwd  ill  various  ways.     Where  the  tuotber-liqiiors  of  Aalh-worbi  are  peadi^ 
they  may,  especially  if  rich  iu  chhtridc  of  mupnesiuin,  be  fmployed  for  the  jm 
eal-ammoriiao  by  u^inj?  tlip  hurt*hom  spirit  (crude  carboimte  of  anuuoiua  aciutiau^  iart 
precipitation  of  tbo  chloride  of  zniigucHium  solutiun. 

AiarFii.nia»»aBj-produ«      AVhon  tho  bect-root  juico  18  bcijled,  amTOonm  ib  evoked  in 
Minurmrtuif.  \i\v^^  qiiuntities,  and  may  be   utilised  in    the   prepamtioQ 

Bulphato  of  fLmtnoTiia.     The  ammonia  j'ioMed  by  tbe  jiiice  is  the  pindui't  <»ft 
de'xmijK)aitioii  of  tho  aapaiiic  at'id  and  betain  present  in  the  roots.    At^cordiug  \ 
Benardf  a  l>eot-r«x>t  sugar  mamifactor)'  which  yearly  coneumes  200.000  cTrte.  iA 
beet^  ini^ht  thiia  obtjiin  S87  cwtj^.  of  sulpha  to  of  ammoma. 

^A!!"man!l«r£tu"*       Sal-ammoniac,  clilorido  of  ammonium.  NH^Cl,  oonsistein  loOj 
|>arte  of— 

Ammonia,  31*83         ,       Ammonium,  33 "75 

Hydifjcblonc  Qoid,    68*2 2      ^'       Chlorine,        66*25 

From  the  tbirk^enth  to  the  middle  of  the  eighteenth  century  this  salt  wn*  imj* 
into  Europe  exclusivoly  from  Egypt,  wln^n-  it  was  obtained  by  thci  conjbtiHtiiEi  uf 
camel's  dung.  The  camol  foods  almost  exclusively  upon  plants  containing  sdLs. 
the  sal-ammoniac  is  sometiraes  found  ready  formed  in  the  animars  stomaiJi. 
sal-ammoniac  having  sublimed  with  the  soot  from  the  combustion  of  the  duiig»  1 
collected  and  reiinod  by  a  second  siibhmation. 

In  loealitiesi  where  dnng  i^  used  as  fuel,  it  has  lieen  tried  to  obtain  saUammoi 
by  combustion  with  common  salt.  The  first  aal-amm  oniac  manufactory  in  Gt<n 
was  established  by  GraYenhorst  Brothers,  at  Brunswick,  in  1759,     We  have  \ 
seen  how  crude  sal-ammoniac  may  h®  prepnretl  from  gaa-water  or  by  other  mw 

Tho  salt,  no  matter  whenco  derived,  is  purified  by  gubhmation  in  cast-iroa  i 
dronB,  w,  Fi^,  1 16,  Uned  witb  fire-clay.  As  soon  as  the  crude  sal-ammoniac  isptitil 

Fio.  116. 


fliese  wsBels  and  tif^htly  rai  at  is  applied,  at  first  gently,  so  as  to  drive 

any  moisture,  This  oflt'i-t^Hl,  iron  lids,  f,  o,  h,  are  lutni  to  the  cauldrons^;  the  I 
can  be  rt^adily  moved  by  means  of  the  pulleys  and  chains  provided  witb  lytonti 
woigbts,  B,  c,  l>.  Instead  of  iron  covers  lead  hoods  sometimee  ar©  employed,  t 
opening  of  which  is  temporarily  closed  with  an  iron  disc.  The  hoods  or  ecivi«w  ( 
ftlways  securely  fastt^ned  to  the  c^iultlrons,  to  prevent  thorn  toeing  forced  off  by  1 
presstire  of  the  vajjours.  Tlie  temperature  has  to  be  regulates!  during  th»«  pri 
with  great  nicety,  for  too  low  a  dugretj  of  h»4at  yields  a  loose  salt,  and  with  too  ] 
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tegrw  of  heat  the  organic  matter  jirosmit  in  tlio  crut!©  sal'Smmoniae  is  b'able  to 

fin*  off  empyreumatic  miitter,  spnilnig  the  appQarance  of  tht?  i?ublinnHl  salt  and 

ntarferiog  with  its  gocnl  quality.     Experience  baa  proved  thut  it  is  expedient  to 

have  the  subliimition  vessels  of  rutbor  largo  eisse,  2}  to  3  metres  mievxQt  diameter, 

I  the  gnblimed  aal-ammomac  cake  has  attained  a  thickness  of  6  to  12  ctjntim«, 

Idse  apcrutioa  ia  discontinued,  and  the  cake  removed.     The  furnace  is  provided  with 

liuioven  iV»r  dryir'g  the  sul-umraouiac,  this  oven  being  shut  with  a  door,  E,  movable 

Ihy  ineftn&  f»f  a  chain  running  over  a  pidley,  and  aided  by  a  cnunterpoi&e,     At  the 

IfrcK'nt  (lay  aal-ammomuc  is  often  sublimed  in  earthenware  vessels  or  largo  glasa 

I  fiiifiU,  the  crude  salt  being  first  mixed  with  20  to  30  per  cent,  of  its  weight  of 

I  powdered  animal  charcoal^  th«n  dried  over  a  good  fire,  and  next  put  into  the  stone- 

I  f»w»ubUmatioii  vessebs,  B  and  M,  Fig.  1 17^  placed  in  two  rows  over  the  fire* place,  o. 
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kof  th^^s©  vessels  is  50  centims,  in  height;  tbo  ^^-^  .iin->.  ivi-a  surrounded  by  an 

I  plate  properly  fitt^3d  to  th*j  neck  and  pruvidcfl  with  a  tlauge  upon  which  rest  tho 

henw:iro  vessels  wberein  the  sublimed  sal-ammoniac  is  condensed.    When  glass 

\  aie  Uised,  the  height  of  these  vessels  is  60  ceutims.  by  30  centims.  diameter. 

I  of  these  flasks,  each  charged  with  9  kilos,  of  tho  mixture  of  sul-ainmrniiac  and 

al,  are  placed  upon  a  furnace  in  cast- iron  pots,  which  are  tilled  with  sundt 

)  cover  is  in  this  case  a  leaden  plate.     The  aublimation  is  carefully  conducted, 

Igofts  on  slowly,  la^tin?:  about  iz  to  16  hours.  After  this  time,  the  leaden  plates 

I  removeib  bunga  or  plugs  of  cotton -wool  inserted,  and  the  flask-*  a  Ik)  wed  to  cool 

1 1  illy,  for  as  the  salt  expands  on  cooling  the  gbtss  vesssols  may  \m  broken. 

f  saUammoniac  when  quite  cool  is  scraped  clean  with  a  knife,  and  after- 

L*jini»  pr>?^'nts  a  perfectly  crj'stidline  appearance.    liVlicii  it  is  desired  to  obtain  the 

|»«ilt  ireo  from  iron,  the  crude  salt  shoidd  bo  mixed,  before  the  euldimation,  with 

!  5  per  ccmt.  of  euperphoBphato  of  lime,  or  with  3  pwr  cent,  of  phc'^pbato  of 

nmouia :  by  this  addition  any  rhlorido  of  iron  is  decomposed  and  left  in  the  retort 

lid  phoephato.    The  sal-ammoniac  of  commerce  ia  met  with  either  in  crystalline  state 

t  tibroue  sabbined  material ;  in  the  latter  case  the  cakes  or  discs  have 

pe»  weigh  abroad  from  5  to  10,  but  iu  England  usuiilly  about  50  kilos., 

ioitiil  the  api^earanc^  of  having  been    formed  in   layers,     Cr>-stfilIino  sal- 

^iixi:  is  obtained  by  adding  to  previously  re-cygtallised  sal-ammoniac  a  boiling 

Kind  satiirnted  siilution  of  tho  same  salt,  90  as  to  form  a  thickiah  magma,  which 

st  placed  in  moulds  similar  in  shape  to  those  in  use  for  making  loaf-sugar ;  after 

ttg,  the  loaf  of  eal-ammoniac  is  removed,  dried,  and  packed  in  paper  ready  for 

Besides  the  use  made  of  sal-ammoniac  in  chemical  laboratories,  by  pharma- 
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oeuti^ts  and  voU'rinary  surgeons,  it  is  industrially  in  demand  for  tinning,  icinciiig,a 
soldering,  in  calico-printing  and  dyeings  in  the  manufacture  of  paints  and  pig 
in  the  preparation  of  platinum,  Bnuff,  and  rery  largely  in  the  preparation  of  I 
maatie^i  port  of  sal-amniouiac»  i  of  sulphur,  and  50  of  i ro n-ti lings ^ — uatnl  in  joii 
fiteam-pipcs,  tho  sockets  and  spigots  of  iron  gas-  and  water-pij^s,  &t%    SjiUammoi 
is  also  etripluycnl  in  the  preparation  of  pure  nmrnonia  Uquida  and  atnmnuiacal  »1|| 

B«iiih»t*  of  AmnitMiii.     It  hos  been  already  mentionod  that  sulphate  of  ammouia — 

_   (NH0,SO„ 
is  met  with  native  iu  small  quantities  in  the  iniaornl  known  as  TuascB^nift,  ml 
quantities  in  the  boracic  acid  of  Tusc^my,  while  it  i.s  also  found'ia  BoasmngAuItill 

The  TOode^  of  prfpnrinj?  tliLi  salt  frura  the  ninmoiua('!al  water  of  gas-works,  buitf  ( 
produotJi  of  the  cItt  di^tiUntion  of  bDiics,  by  the  aid  of  fiulphuric  acid,  or  by  doitble  i 
poiilion  by  raciims  of  j^'Jlwam  or  sulphate  of  iron,  hiive  been  iiln*ady  jj^iveti.  Th©  < 
tnition  of  the  weak  sMjlution  by  evaponition  yields  the  crjvt^iUiuR  Fait,  whi«  b,  bo» 
when  obtained  from  liquors  contftiiung  tarrj'  matters  \»  usufdly  of  a  deep  browu  1 
and  has  therefore  t*>  be  piurifietd  by  being  diiwolvtd  in  hot  wattr,  filtered  throujfli  1 
chnrcoftl,  and  then  ri'-cryt^tallised,  the  best  plan  being  to  evaporate  the  solntirm 
and  rrmove  the  Malf  yruduaJly  by  meaii§  of  perforated  Indies.  The  salt  is  then  drained  \ 
being  pla^^ed  in  ba-Nkr'tw,  and  next  quickly  dried  on  heatetl  fire-clny  Mabs,  in  which  q« 
tion  any  pnrticl*^  of  tar  are  doconiposed.  Sulphite  of  ammonia  obtained  by  *^t 
carbonate  of  anunonia  ttolution  with  Hiilphurons  acid  gas  is,  when  cxposc-ti  to  air,  ^ 
conTerted  into  t^^ilpbnte.  Sulphate  of  ammonia  is,  indiutrially  i^ieakint^,  far  ih«  1 
iinportaut  of  the  ammonia  galtA,  bocaoae  bestdes  being  very  largely  u»ed  in  art' 
manure  mixtunrn,  find  by  itself  for  the  same  piupose^  it  ia  extensirely  emphiyed  in  1 
makJiiiif,  and  is  tlu'  wt2trtinjk?-poiTit  of  the  preparatinn  of  chloride  of  ammonium,  carbi 
of  ammonia,  liquid  amtaonia,  and  other  similar  products. 

Qu-b'^cteorAjDnioni*.    The  Salt  used  m  pharmacy  and  industry  under  this  name  ii  j 
reality  sesquicarbonate  of  ammonia,  and  composed  according  to  the  formula 

(NH,),CA.  or  1  ([NH.],CO,)  +  CO,. 
It  is  obtained  either  diroetly  from  the  products  of  the  distillation  of  bones,  i 
subliming  a  mixture  of  chalk  and  i?a!- ammoniac. 

Among  the  prodnct-!^  of  the  dry  distillation  of  bone^  i^  found  a  ftolid  anblimate,  4 
tially  impure  carbonate  of  ammonlai  purified  by  sublimation.     For  phannaeettti 
carbonate  of  Buimonia  ia  prepared  by  submitting  a  miiture  of  either  chloride  <  ' 
nium  or  sulphafe  of  iunmoulii  with  chalk — 4  parts  of  the  ammonia  salt,  4  rif  t  h^lli 
of  eharcoiil  powder— to  u  l^«w  red  heat.     The  prmiiict  i>*  a  i>orfwtl\  \  * 

tliG  openition  a  hir^»-e  qujiutity  of  ammoniacal  gaw  is  ovul  vi*<i,  wIjj 
water  or  by  coke  moiji«t«.'Ued  with  sulphurio  acid-     Kunheim  decorn 
by  sublimliiir  it  with  carbonate  of  baryta ,  chloride  of  barium  (> 
product.     T\  aen  freshly  prepared,   carmmate   of   ammfiuia    is  a  1 
masiSii  which,   while   absorbing  water  from   the   atraospbei-e,  and  evolving 
sapeiflcially  conrerted    into    bicarbonate    of    ammonia    (hydrocarbonate    of 

"^v*  [    CO3).     Oi^Tng  to  the  penetrating  odour  emitted  by  this  salt,  it  is  known  I 

ing  salts.     Impure  carbonate  of  ammonia  is  also  used  for  cleaning  woollen  M 
fabrics,  for  tlK'  removal  of  grease  frtjm  cloth,  and  further,  for  the  extraction  of  tibe  ( 
pi  gin  cuts.     Pure  c4irbonnte  of  ammonia,  besides  its  use  in  phamuuTy,  is  an  ingiiediialj 
baking  and  yva^^.  pf>wders» 

jcitimteMf  Ammonia.     Thia  Salt,  (NH4)N0i,  IS  prepared  by  the  double  dccompoasti 
of  solutions  of  sulphate  of  aimnoniii  and  nitrate  of  potoasa.    The  sulphate  of  \ 
is  first  sepantttMi,  and  the  solution  of  ammonia  nitrate  baring  been  concentrate  1 
evaporation  is  left  to  crystallise^  its  crystalline  form  being  similar  to  that  of  1 
petre.    When  dissolrod  in  water  this  salt  produces  cold,  and  is  thensforo  nsod] 
freezing  mixtures ;  while  the  fact  that  when  strongly  heated  it  is  converted 
protoxidfi  of  nitrogen  and  steam  (N^O  -|-  211,0)  might  perhape  Fe(udie>r  it  of  use  : 
the  preparation  of  a  blasting  powder. 
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SOAP-MAKIFO, 

9mn>  By  eoap  we  underhand  the  product  of  the  action  of  caustic  alkaliea  upon 
HfQtnU  faU,  aiid  eon8wiuontly  soap  may  to  nil  purposes  be  considered  to  consist  of 
I^Aml^.  pjilmitale,  and  okuit*^  nf  jMituweivmi  or  eodium,  Althoug^h  soap  has  been 
1  from  a  vory  remote  antiquity,  this  industri,^  did  not  attaiTi  it^  j^resont 
ii|"on  srirntific  and  rational  principles  until  Chevrc^il  2>ubli8hed  tho 
tffoitB  of  hi^  1 '  '  ;  't*^H  on  the  fate,  and  before  the  diaoovery  of  Loblauc  called  the 
fodft  induift  ry  n  l  t  ^    x  •  > tence. 

Ii«  itasvtub  erf  s<»i>-bftHiflir'  The  raw  materials  used  in  ^oap-boiling,  aa  soap  matitifac- 
mt  is  usually  tc-rmrMl  in  this  country,  are  of  two  kindd,  viz.»  fatty  substances  and 
mlutions  of  c4*U8tic  alkalies.     Among  the  more  important  fatty  substances  are  the 

Ewing : — Fttlrn-oil,  of  vegetable  origin,  met  with  in  the  friiit  of  a  pjibo  tree, 
'mtlm%ot  EiiU9  tjniaiicims ;  according  to  others,  however,  this  oil  is  tlerired 
the  Voc(k§  huttjraentf  C.  nntiftra^  and  Artca  oltmrea,  trees  growing  wild,  and 
cnltivated  in  Oumeaand  Guiana*  Tlie  colour  of  this  oil  is  a  red-yellow,  its 
sowiftency  that  of  butter,  while  it  posscsM's  a  strong  but  by  no  means  diftagreeable 
(door,  siinilinr  somewhat  to  that  of  orri.^  rcjot,  ^Yhen  fresh,  tbia  oil  melts  at  27*,  but 
9f  beccmung  mneid  as  it  is  termed — that  is,  by  its  decomposition  into  glycerine 
aid  frw  fatty  acids^— its  melting  point  rises  to  31'  and  oven  to  36*.  It  i**  chiefly 
omptmed  of  palmitine  mixed  with  a  small  quantity  of  oleino.  Palmitine,  formerly 
oalEuaed  witb  rajirpirin,  is  sajionified  by  the  alkalies  and  converted  into  palmitate 
f  pota«8a  or  soda,  while  glycerine  is  set  free : — 

^UmitiDe  (tripalmitino),  J^^^ff^^o)^  }  ^^ )  _  ( ^^b^corine,  ^'^'^^  J  O3, 

^^ilCt-^^^^^  '         j'^fpalmitateofpotLa,3{^-^-0}o, 

^  l^dmitic  acid  is  xery  similar  to»  and  has  often  been  eonfusod  with,  stearic  acid ; 
^former  is  in  a  pure  state  a  solid  white  crystalline  masB,  which  fuses  at  6z°. 
■b*oil  often  cKintains  one-thini  of  its  weight  of  this  acid  in  free  stiite,  and  the 
Bctit^'  increaaes  with  the  age  of  the  oil.  Tlie  rod-yellow  pigment  of  the  palm-oil 
Rlmng  destroyed  by  its  saponification,  the  soap  made  from  this  oil  is  of  yellow 
ctcmrt  but  if,  previous  to  saponification,  the  oil  is  submitted  to  a  bleaching  process, 
I  *  -,  the  pigment  destroyed  by  chemical  agents,  such  aa  the  joint  action 
I  n  of  pota^saa  and  sulphuric  add,  the  oil  becomus  nonily  white,  and 

og  saponified,  a  white  soap. 

-ir  bai«5ia-oil,  very  similar  to  palm-oil,  is  obtained  by  pressure  from  the 
of  the  Baaeia  tati/otia,  a  tree  growing  on  the  elopes  of  the  Himalaya.     At  first 
lanr  of  ^tna  oil  is  yellow,  but  by  exposure  to  sunlight  it  becomes  white.     Its 
irnr  is  not  very  sfenong,  but  rather  pleaaant.  At  the  ordinarj-  temperature  of  the  air 
crU  has  the  consistencj^  of  butter  ;  its  sp.  gr,  is  =  0*958  ;  its  melting-point  27° 
It  is  somewhat  soluble  in  alcohol,  readily  in  ether,  and  easily  saponified  by 
and  stida.    In  its  saponification,  oleic  acid  and  twt>  solid  aeida  with  a  variable 
lint  are  formed.     The  galam  butter  produtx^l  hy  the  Bctssta  bulyracm^ 
miH  with  in  the  interior  of  Africa.,  is  sometimes  confounded  with  lialm-oil,  to 
it  i»  very  similar,  but  of  a  deeper  red  colour,  Galam  butter  fuses  at  20'^  to  21°, 
II  in  itH  pro]>ertiea  very  much  like  palm-oil.     Car  a  pa  oil  and  vateria  tallow 
tho  some  claas  of  fatty  substances;  the  first,  the  product  of  the  kernel  of  ti 
iVr»otmio,  a  p*lm  tree  met  with  in  Bengal  and  Coromandel,  is  a  bright 
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yellow  colourofl  irL^tMnal,  which  at  18^  separates  into  an  oil  and  a  solirl  fbt; 
as  pino-tallow,  Muilabar  tallow,  and  obtained  from  tho  fntits  of  the  Vatrru 
is  a  whit^-yellow  waxlike-tidlow,  melting  at  35°.  Mafurra  tallow  i«  obta 
Ixjiling  in  water  tho  seeds  or  kernels  of  the  mafurra  tr<^e  found  at  Mozai 
this  seed,  reiy  randy  socu  in  Europe,  is  of  the  sijse  of  sniall  cjicao  beans,  ! 
ser^d  al  so  ocetirs  in  tho  Islands  of  Madagascar  and  Isle  de  Eeunion  ♦  The  fat  t 
from  this  socd  has  a  yollow  colour,  the  smell  of  cacao  hutter,  and  melts  mow 
than  tjilJow.  The  tat  of  tho  seed^  of  tho  Brindonh  ituitaJ,  emjtloyed  at  Go«, 
of  bnttor.  also  for  medicinal  purjioscs,  and  for  use  in  hmjp*^,  is  nearly  white 
at  40^,  and  is  insoluble  in  cold,  but  sonn^wbat  soluble  iu  hwiling  alcohol.  Oo 
oil,  obtained  from  the  kernels  of  the  cocoa-nut  {Cvcua  fiuct/fra,  C,  Inti^ 
largely  UBed  in  the  tropics,  where  the  tree  ahonnda.  This  oil  is  import 
Europe,  and  is  also  obtained  here  hj  pressing  and  by  treating-  tho  kfU 
the  imported  nuta  with  sulphide  of  carbon.  It  is  white,  has  the  consiflt 
lard,  but  pOBses-scs  a  disagreeable  odour  and  a  somewhat  foliated  toxtc 
meltiuf^-jxjint  in  22^*  Chcmicnlly  considered  this  fat  consiists  of  a  peculiar  «ii 
termt'd  cocinin,  with  fitnall  quantities  of  oleine ;  by  saponification  the  form€ 
glycerine  and  coctnic  acid  [cocoa-stearic  acid),  C13H26O2.  W-  Wicke  obtii 
i860,  61  "57  per  cent,  of  fat  from  tho  kernels.  During  the  kst  twenty  yean 
nut  oil  has  been  lar^joly  used  for  soap-boiling,  because  it  is  an  oxcollent  mai 
the  preparation  of  so* called  fulling  8oaps.  Tallow  is  obtained  by  melting  tl 
matter  deposited  in  I  ho  cnlhdar  tissue  of  the  abdominal  cavity  of  cattU  and 
The  hardness  of  the  tallow  depends  partly  upon  the  aninaals  from 
derived,  partly  ypon  the  food  they  eat  j  if  the  food  bo  fodder,  the  hardd 
produced,  while  if  it  cont>ists  of  the  refuse  from  breweries  and  dtHtillerie 
is  soft.  Russian  tallow  owes  its  hardncsa  to  the  fact  that  the  cattle  m  1 
are  for  fully  eight  months  in  the  year  kept  on  dry  fodder.  Oenerally 
$j\  and  eontaina  75  per  cent,  of  its  weight  of  solid  fatty  matter,  stoarin  ^ 
and  palniitin  (tnpalmitin),  the  remainder  being  olein.  If  previcn 
that  is,  separated  by  the  application  of  heat  firom  tho  cellular  ti.^ 
in  which  it  is  enclosed — tallow  is  preserved  for  too  long  a  tmii>,  it 
bad  odour,  removed  with  difficulty.  The  operation  known  as  tAllovH 
be  performed  in  two  ways,  either  by  simply  applying  h**at,  wkldi  \ 
cellular  tissue  to  shrink  and  become  dry,  the  fat  being  cxp  "  * 
and  cellular  tissue  are  destroyed  by  chomicul  ajrcnt*. 
sulphuric  or  nitric  acid,  or  caustic  ley.  Among  f 
which  sulphuric  acid  is  used,  and  the  operation  1 
of  the  best;  tho  sulphuric  acid  decompose-  tI|.  vuj 
destroys  their  foctidity»  while  more  t^i! low  ouii  .1 
vapours  are  carried  either  into  the  ftunaco  i 
Moommends  that  to  100  parts  of  -^^  'r 
p»rt*i  of  water  should  be  used.  '^ 
melting  amounta  to  15  per  cemi* . 
employed. 

Lard,  owing  to  it 
largely  cmploytHi  lu 
i^uantities  of  lard  aro  otm 
oil  (lard  oil,  56  to  58  pci 


SOAI". 


241 


Dlive-oil  is  obtained  from  the  firuit  of  the  oliye  tr©e,  Olea  Em'ttpea,  belonging 
|tlie  natural  urtJ*jr  of  tho  Juimineo'^  and  largely  cultivated  ia  the  whole  of  Soutbera 

x)p€  and  the  eoustlanda  of  North  Africa, 
[  In  01  lier  to  obtain  an  oil  of  good  quabty  it  is  essential  that  the  olivee  ahould 
I  when  they  are  fully  ripo»  which  happens  in  the  months  of  November  and 
Unripfi  olives  yield  an  oil  having  a  harsh  bitter  taste,  while^  again,  ovbt- 
8  fruit  yield**  a  thick  oil,  readily  becoming  rancid.     The  method  of  oil  extmetion 
\  olives  as  carried  on  in  St^uthom  France  ia  the  following  :■ — The  ripe  oUvea  an 
ti^uced  to  pulp  in  a  mill ;  this  pulp  is  put  into  sacks  made  of  strong  canvas, 
\  bdter,  of  liorsehair,  and  submitted  to  preasuro.     The  first  portion  of  oil  thui 
I  is  the  best,  and  is  known  as  virgin  oil ,  or  huiU  viergt.    In  order  to  eliminate 
Ithrsoil  aa  much  as  possible,  the  cake»  after  the  first  pressing,  ia  treated  with 
Biluig  water  and  again  pressed.    The  oil  thus  obtained  poaseasefl  a  fine  yeUov 
^ bat  18  moi*  liable  to  beeome  rancid  than  the  virgin  oil.  Notwithstanding  tha 
t  pTttstire  the  cake  retains  onou^i^h  oil  to  make  it  worth  wihile  to  submit  it  to 
operation.     Some  kinds  of  olivn-oil  obtained  by  the  second  i^reuttiiig  tern 
bycsi  under  the  name  of  Gallipoli  oil,  in  dyeing  Turkey-red,    This  oil  hat  «& 
iwtaclion,  oonse^xuent  upon  its  containing  free  fatty  acids,  is  turbid,  ran  cod,  tftd 
I  of  tb**  property  of  forming  with  earbinaies  of  alkalies  a  kind  of  «fmtilim« 
I  tn  dyeing  is  known  as  tho  white -bath.     The  olive -oil  used  for  the  purpote«f 
Aug  wool  in  spinning  is  known  as  lumpunt-oil.  Under  the  name  of  IfmUtfn^^r 
the  olive-oil  dopositcMl  in  the  tanks,  whore  the  water  nsod  for  addLg 
|ihs  oUvee  al»out  to  be  pressed  is  kept ;  it  is  used  in  the  manufacture  of  mmp. 
ng  the  last  fow  years  it  has  beeome  the  custom  to  cxhaujt  the  olira  with 
lode  of  carbo!!  instead  of  pressing  them. 

^  fieal'Oil,  obtained  from  the  thick  skin  of  several  vanctiei  of  aaoBrfb 
Kg  Iho  scoB,  especially  of  the  colder  nigions  of  thn  ^lobe,  anil  Mcoczar  l9te 
{»nd  phocenu,  varies  somewhat  in   itji   pro-  cordlag  ti»  tL»  »^ 

»iicin  and  tlie  animal  from  which  it  has  be*.  1.  Th««iv  i7,«/|^^ 

^fj  at  20' ;  when  eooled  to  o*"  it  depoerita  sohd  Ikl;  it  is  n«Ai}v  1 
,  «nd  csonsists  of  oleine,  steorine,  and  small  i|U"' *>       -f  ^ 
Dk  and  similar  fatty  acids.  Fish-oil,  besides  h  ftmM , 

:       Sij  used  in  tani-        ^  '  ' 


iTH  tho  homp-^ 


¥^ 
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fatty  mass,  which  after  haymg  been  left  etjuidijig  for  some  weeks  in  order  to  aolidiff, 
may  bo  dirortly  saponifiid  with  soila.  The  oleic  acid  largely  obuducd  in  tbeutitra* 
liicture  of  steurine  caudles  is  a  very  important  matiAniil  in  eoap-inaking.  Thisicid 
is  a  golntion  of  impuro  stearic  and  palmitic  acids  in  oleic  acid. 

Calopboniiim,  the  residuo  of  the  distillation  of  oil  of  turpentine,  a  yellow  at 
black *brown  coloured  material,  i»  largely  imported  from  the  United  States  i<a  thl 
purpose  of  prf'paring  resin  eoaps*  for  sizing  paper,  and  for  the  i>repiiraticm  of  y«UoW 
soaps  I  whit'h  are  renin  and  tallow  saponitiod  toother  in  certain  proportions. 

i*x.  The  otht>r  important  material  required  for  soap-making  is  the  ley ;  that  iitO 
Bay,  an  iiqueons  solution  of  caustic  potassa  or  caustic  soda.  Ley  i«  n^t  «o  tnoc&t 
ctmfltituent  of  soap  as  the  material  by  which  the  chemical  process  termed  gi^jom- 
fication  is  brought  about.  Usually  the  sowp-bcjiler  prepares  the  caustic  ley^  lal 
formerly  wood-ash  or  potash  was  used  for  thaw  purpose,  but  at  present  soda  is  ttonl 
extensively  employed.  The  conversion  of  the  alkaline  carbonates  into  caailii 
alkalies  is  eflected  by  means  of  quick-lime ;  but  abroad  chemical  manuiaetotial 
produce  caustic  soda,  and  sell  it  to  the  soap-boilers  under  the  name  of  soap 

Tb«?  preparntton  of  aoap-lioilers'  ley  from  wood-aish  is  carried  on  in  the 
mtmner  :— Tiir  sifted  Rwh  is  placed  en  a  pa  veil  floor,  and  tnoiBtcned  with  enoagh  i 
rt-ndc-r  it  '^ntu*  what  pa«ty.  Ihiw  paste  is  Uien  formed  iiito  heaps,  eoar^tnicted  whh  i 
dent4itioii»  into  wluch  the  caustic  lime  in  quantities  of  one-tenth  to  one-twelfth  of  the  wdeM 
of  the  i\s\\  i»  placed.  Over  the  lime  is  next  poured  sufficient  water  to  caiuie  it  to  «Iui^ 
cnre  \m1v4  taken  t^  cover  the  lime  up  with  a^.  Tlie  aah  and  lime  baring  been  thanntlM 
mixed,  are  plaoe<i  in  a  tank,  f*bap**(i  like  a  cone  from  which  one-fourth  of  the  OCROi 
pjirt  i^  cut  off,  and  fitted  near  the  bottom  with  a  t^p.  At  a  distance  of  xr^v--  *^-  *Tirb«| 
from  the  bntttim  a  falw  and  perforated  bottom  is  fixed,  so  that  the  ley  ean  ^^ 

the  two  bottoms*.  Under  the  tap  a  kr^e  irf>n  tank  is  placed  to  receive'the  h  v 
of  ash  and  Iriivt^  having:  Injen  placed  upon  a  layer  of  straw  upon  the  peirfMnilrd 
and  care  having  been  taken  to  §quec-y.e  the  mass  t*JvpL'ther,  water  ih  jw-^iir^'*!  o^***r  \ 
the  puri*owe  of  lixiviatinp  the  matmiil  imtil  eompletely  exhausted.  1'  I 
kintVi*  o,i   ley  are  prepared  and  kept,   viz.— i.  Strong  ley,  18  to  20  1 
3.  Middlinjj:  Btn>ug  ley,  8  to  10  per  cent,  of  alkali ;  aad  3,  Weak  ley,  c,,..    , ,  t^ 

jjer  rent,  of  alkali.     This  weak  liquor  is  commonly  used  instead  of  water  uoi 

a  new  aj»b  and  lime  mixttire.     The  sodium -alumina  te  obtained  by  the  d*  a« 

cryobto  is  UMed  in  the  United  States  under  the  mime  of  '*  Jiatrtfua  rrfined  t^j^^if^t,"  kg 
aoup  manufacturing  purpoBea,     Sulphuret  of  Bodliuu  may  aldo  be  used  instead  of  < 
alkali. 

iiKH^rjorstpdiiMcftOon.      Boforo  Cherreul  published  his  researches,  it  was  nupp 
that  fata  and  oils  jtosseseed  the  propeiiy  of  combining  ^rith  alkalies, 
found,  however,  that  fats  separated  from  their   state   of  combination 
possessed  properties  differing  ti-om  those  existing  before  they  were  aaponifi^ 
fact  being  that  the  substances  we  are  acquainted  with  as  oil  or  fats  are  00 mp 
of  peculiar  acids,  stearic,  palmitic,  margaric,  oleic,  all  non-volatile  sub^ts 
while  certain  fata  which  give  off  a  peculiar  odour  contain  in  addition  U*  the«e  j 
volatile  fatty  acids,  as  butyric,  capric,  capronic,  valerianic,  &c.     The  volatile  i 
in  the  ordinaiy  oila  and  fata  are  combined  with  a  sweet  material,  dtscore 
Scheelo,  and  kufjwn  under  the  name  of  glycerine* 

According  to  Berthelot's  researches  it  is  held  that  all  the  oils  and  fata  whid 
used  in  soap-making  are  ethers  of  glycerine,  CjHsUj,  that  substance  being  vicii 


trivalent  alcohol,    ^ 


C,H, 


PahnitLn,  for  instance,  the  main  oo&etituent  of  1 


ail,  is  glycerlyl-tripalmitate,  or  tripolmitin,  that  is  to  aay,  glycerine  in  whiehl 
atomB  of  hydrogen  are  replaced  by  the  radical  of  palmitic  acid,     A   Vr    o  1  ^1*  " 
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(iHstearine)  anil  alome  (trioleiixe)  have  an  analogouB  constitution,  Whon 
tfitffckt'S  Uke  pfilm-oil  for  instance,  are  8aponifif?d  with  caustic  alktili****,  say  raustio 
Ift,  the  Ui — that  is,  in  chemical  parlance^  the  eth«'r — i^docomposeii  into  alcohol,  »,e,, 
rlyatTine,  and  sudiuui  palmitate,  i.e.,  soap,  aceording  to  the  following  equation : — 


C,fiU,; 


I   «-Jfi 


IN.  ■■"!»• 

I  glj^cerine  formed  during  the  process   of  saponification   remains^  after  tho 

tion  of  the  soap,  dis-^lvetl  in  tho  moth*^r-li4tMir  from  which  it  is  prepared, 

lincWr  that  such  fats  as  palm-  and  co«ou-nut  oil,  which  in  their  onlinniy  stat^ 

tin  fatty  acids,  are  morercMidily  sapontfiod  than  tho  perfectly  neutral  fatjj,  via;., 

liTYHnl  ajjd  tallow  ;  whilo  the  oleic  acid  derived  from  the  stwirino  candle  manu- 

mi^  is  readily  saponified  by  carbonated  alkalies.     Thi«  observation  applies  to 

onium  (resin),  which  consists  egaentially  of  a  peculiar  acid,  pinic  acid,  but 

lUU)^  inistaiices  no  real  daponjfica.tion  tiiko!^  place,  inaBmuch  i%h  no  glycerine  la 

i«»d,    Thci  decomposition  of  a  fat  by  an  alkali  does  n-^'t  tako  plac^  suddenly  and 

^n^hout  the  whole  of  the  fat  at  onco,  in  the  manner  of  inorganic  salts,  but  passes 

isevemi  stages,  the  first  being  the  formation  of  an  emulsion  of  ley  and  fat ; 

I  (at  aetd^  and  fat  acid  salts  are  formed,  retaining  the  rest  of  the  fatty  matter  in 
[^/naitin ;  gradually  the  free  fatty  matter  is  saponified,  and  tho  fat  acid  sidUi  are 
iTcrti^d  into  neuti-al  salts,  or  in  other  words,  soap. 

jWKnii  Qiustic  potassa  is  used,  soft  soaps  are  produced,  while  tho  hard  soapa 

t  firom  the  u^e  of  caustic  soda.     We  distinguish  soaps  :— 

a.  As  hard  soape  or  soda  soapa. 

jS.  As  soft  soaps  or  potossa  soaps* 

kttat^mg  to  the  fatty  substances  used  in  soa.j^-boiling',  soaps  are  diMtinguiRhed  as 
oil,  pftlm-oi),  oldc  acid,  oocoa^nut,  fish-oil,  and  reain  soaps,  io.  Techmcailly,  hard 
Mpimay  be  divided  into  : — 

1,  Nucl**ni  sonps. 

2,  8fuoc»th  Aoaps* 

3,  Fulling  wiaps. 

The  term  nncleiis  »oap  deaigiiatca  tlip*  ftonp  tbnt  nftor  banng  hean  made  and  separated 
the  le>'  by  thty  aid  of  i  unuiiun  Kilt  Is  boiled  doAni  to  a  uiufunn  niaHM,  free  frum  air 
pbllfs,  and  cxliibitiiig  after  i*olidific4ktiQn  smrill  crjstiilUnf'  piirtiole^H.     Tlu-  portion  of  tlie 
vbich  i\(j*i>  iHtt  sc]iniratc'  in  thnt  sftnt^?  astjumc^,  by  lx-o<Jining  mixetl  M'ith  u  large  or 
'quantity  of  the  impurities  of  the  h."V,  a  mottled  iippearunce.     Tin   soup  directly 
'»g  by  the  nddititjn  of  salt  into  globules  or  nuclei  is  pure  soap,  free  from  any 
it.M,  1..    wfttcr,  or  glycerine.     Snmotli  Btmp  hi  obtiiined  by  Wiling  for  '^nme  time  with 
'>r  weak  ley,  the  Hoap  t-tikitig  up  a  portion  of  the  water,  and  locking  the  crys- 
'■tth^il  nppcnrfincft.     In  the  preparutiim  of  tliit*  8r>ap  it  i»  iir^t  rseparat«d  by 
from  the  moihcr-liquor  (in  saline  Molntiuiw  soup  is  ijiiwjhilihO,  but  after  that 
^irtp  U  Ijoilid  with  weak  ley.     The  only  difterenee  existing  lH*t ween  the 
'        ^     '   '        '  ontaina  more  watrr  than  the  former.     The  fulling  t<oap,  at 
.  ith  in  comnieree,  in  iHstiitially  tliu  wor^t  kind  of  Hunji,  ii»  an 
,  --     .-    i-  uatd,  the  result  being  that  the  gntirc  <xmtent<fi  of  the  boiling- 
are  k*^  together.     Hie  wroces^  of  Ixjiling  i»  continuixl  until  on  cooling  the  toasn 
!ffl»-»      T>ir  ^^^ap  is  removed,  cut  Into  harM,  and  s»jld,     S<xip  made  from  lOf  aa-nut  cil 
V  tJie  prtiperty  of  Ix'ing  hanl  and  dry,  notwilliMt.induijf  thai  it  eiavtaina 
H  ater :  consequently  the  lim.'  of  ciUHm-imt  oil,  both  al^jue  and  with  other 
^    tts  pn^porty.  is  greatly  on  tht-^  increase.     Soaps  uf  this  kind  will 
-of  f^mp  frum  I03  of  oil. 

vnian  tallow  »onp  or  curd  soap  in  ea4*Gntially  a  mixture  of  Atearat^ 
of  xNtia  and  palmitat«  of  soda,  mid  is  eunuuonlv  prepaivd  in  directly  by  first 

II  fying  tallow  with  caustic  potas^a,  and  nc^xt  cim verting,  by  means  of  eominou  salt,  the 
it«  axud  paltiut«t«  of  potaaiHi  into  th^  ooiTei^andbg  lodm  oompound. 
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The  soap-boilinir  pan  omploved  is  somewliftt  ocmioiJin  ahspe^  It  \a  ma^  of  cavt'tpnn^iii^ 
pnividcd  lit  tlie  top  with  a  bif^hlmtel  or  bulwark  to  preTent  aa^rfloidboUlngr  ov^,  ? 
it  to  K^  int^^-ndefi  ti)  convert  Jo  ewts,  of  t&Uuw  into  soap : — Into  thc^  rauldron  is  fit 
about  500  litres  of  strongr  lye  at  20  per  cent.  ( *f^  r220  wp.  gr.) ;  next  the  t.'«!!' av 
and   a  WfXKl*"ii  or  iron  lid  Iiaviug'  been  fitted  to  the  raiQJdron,  the  fire  '%»  kin  li  '.      '►'*     • 
eCallitioii  i«et«  in,  it  L*  kept  up,  is-ith  occassional  stirring  of  the  contents  of  tli<      j  u.  ir  r . '  r 
fiveconsecnjtive  hours.     Tho  materials  in  the  cauldron  are  CD&Terted  into  Acm{>-glu£',  nt  it 
is  termed,  a  p'latiuous  mODs,  whieJi,  if  the  operation  haa  been  well  oonductc<l,  oujfht  wA^ 
uxx>n  tlie  addition  ol  fre«h  ley,  to  became  thin,  while  it  also  aboald  not  flow  in  dT\]^  t>at 
similiirl  V  to  treacle  from  a  ^atula.  The  production  of  this  anbatanoe  ia  promotwi  by  adding 
oil  of  talLjw  to  the  ley  gradually  and  in  nrnaH  portions  at  a  time. 

Mege-Mowrie«  recoranieni*c  ithrr yf Ilis  of  eggfltbile,  or  albuminouscompotinda.  Aiprofrf 
by  the  researehefi  of  F.  Knapp,  it  is  always  advantage^-iui*  to  tinst  conviert  the  fat,  with  tb* 
feqiii.'^te  quantity  of  ley,  into  an  emulaion,  and  to  leave  the  ley  cither  not  heated  at  aQ,  or 
only  to  50"  in  contact  with  tho  fat,  i«o  aa  to  saponify  first  slowly  in  the  o*j1d  and  to  fioiili 
off  with  ebullition.  When  catistic  soda  ley  is  vl^A  it  is  of  a  dentil  y  r=:  lo'  to  I2*  B. 
(^  I  '072  to  I  -oSS  Bp.  gr.)  When  the  aaponifieation  i»  complete  the  operation  of  fittbg  or 
pirting  ia  ^irot^ceded  with,  and  consiata  m  adding-  12  to  16  lbs.  of  talt  to  100  of  t*Uo«^« 
fhe  tioap  ii4  kept  bc»iling  until  the  soap-ghie  has  become  a  greyiah  ma^,  from  vhicb 
the  niotner-liqnor  or  onaer-ley  readily  ueparates,  the  latter  being  let  off  by  a  tap  ;  of.  if 
no  tap  \^  fitt€<l  to  the  cauldron,  the  soap  ia  gradnaUy  ladled  ov€?r  into  the  cooling-tiuili. 
The  addition  of  aalt  not  only  aims  at  the  separation  of  the  soap  f  rum  the  ley,  but  aIjo  tl 
the  partial  conver-fiou  of  the  potassa  into  soda-woap.     i"  "^  t]Mglue  has  been  renwivA 

it  is  Hgain  put  intu  the  cauldron,  nnd  thrre  ift  addwl  a  r  strong  ley  a.nd  heat  ft^tm 

appUe<L     The  soap  again  beooineM  quite  fluid,  hyt  con?:  !y  of  soida-MNn>  ghia.    IW 

ebuUitioQ  \»  kept  up,  and  during  ita  oontinuanoe  freah  ley  and  salt  are  added  idtematiiij* 
By  continued  boiling  the  «oapy  ma^a  beeomes  more  and  more  concentrated  ;  aa  aoon  •• 
the  foaming  ceases,  and  the  whole  mass  is  in  a  steady  ebnllition,  it  is  again  ladled  o?erilrt<» 
the  cooling-tank,  or  the  mother-liquor  li  tapped  otf.  Tho  object  to  be  gained  by  tbit 
second  boiling  is  the  conversion  of  the  material  into  a  uniform  massfr* '  "  -  ..;,  k.-kU-.. 
another  ia  promoted  by  beating  with  irc>n-n>da.  The  hot  fuwip  i#  nejct 
l»o.t,  fio  constmcted  that  it  can  be  taken  to  pieces;  tiTK>n  t\\^  bottoTT« 
\9  i>erf orated,  a  piece  of  cloth  is  stretehed,  eo  aa  to  allow  of  any  adhrruig  ley  runuiag 
off.  l\lien  the  soap  ia  oool  the  box  ia  ttilcen  to  pieces,  the  soap  cut  into  bar^  and  these 
placed  in  a  cool,  dry  room.  The  cutting  of  the  soap  into  bars  b  now  effected  by  fnatihmir|C 
formerly  it  was  nerfonned  by  hand  with  a  peculiar  tool,  a  c<fpper-wire  wilh  wutA 
handles,  such  as  cheesemongers  Hometimes  use.  10  owts.  of  tallow  yield  on  an  srerage  ifif* 
cwta.  of  soap,  which  by  dryiug  loses  some  to  per  cent*  As  it  is  impoMible,  even  w]tki»> 
peated  applicatians  of  Halt,  to  convert  potaasa-soap  completely  into  soda-soap,  the  Geraoa 
nncleuH,  or  Kemftcife^  is  always  mixed  with  a  considerable  quantity  of  potaaes-«na{»,  10 
whieh  it  owes  it«  peetdiar  softness.  According  to  the  reseanmes  of  Dr.  A.  (X  Oudennt 
(1S69J  only  half  the  j>ota«8a  is  converted  into  soda-»oap. 

oJKf-on  s<*p        Thi#^  kind  of  soap,  alao  known  as  Marseille,  Venetian,  or  Castilian  Bo^is 
chiefly  prepared  in  tlie  southern  parts  of  turope.    The  olire-oil  is  frequently  \  ' 
other  kinds  of  oil,  &ueh  a^  liusee<l,  poppy-seed,  cotton-aeed  oil,  kc.    Two  kinds  i 
employed  in  the  prepapation  of  this  soap :  tho  finit  ley  is  only  a  caustic  soda  1^_ 
and  u^»ed  for  fitting  or  preparatory  boiling;    the  other  ley  is  mixed  with  common  \ 
and  intended  to  etfeet  the  sepumtion  of  the  soap,    Tho  preparatf^ry  iKjiling  aims  i 
formation  of  an  emulsion  or  the  production  of  an  4tat  p/oMnirf,  whereby  «ie  con 
oil  »unl  alkali  18  greatly  promoted,  and  a  real  son p-glue  ultinintely  n^sults.     In  u. 
remuve  the  water  from  this  material  as  much  as  jKjssible,  a  ley  containing  conunna  * 
employed,  and  lastly  by  a  third  boiling  tho  saponification  is  rendered  eomplrte.     Bfl 
use  of  the  ley  containing  commrin  suit  it  is  possible  to  keep  the  s*jap-glue  in  sach  1 1 
that  it  can  take  up  alkali  i^ithout  combining  ^nth  the  wuter.  Tlie  preparatory  fc 
ing,  is   carried  on   in  large  eopper  vessels,  cupable    of  containing  250  c« 
ao  ^a  emploved  for  thi*  purixjse  ha^-ing  a  etiength  of  6*  to  9**  I^  -       -  . 

gr.)     The   Icyia  brought   to  ebullition  first,  and  the  oil   to   b* 

3*d,  cjirc  being  taken  to  stir  the  mixture  in  onler  to  promote  the  r- 
the  mass  becomes  thick,  and  as  soon  as  black  mjiKrars  ari-^e,  due  to  the  dt- 
a  flmaU  quantity  of  the  soap-H-lue  bv  coming  in  contact  with  the  very  hot  r   ] 
i'  '  '   '    '  'T  ley  of  20'  B.   fi  1^7  f^p,  gr.)     If  it  ia  intended  to   pr 

^'  sulphate  of  iron  is  n^dcfl.     An  soon  as  the  man  has  become  f 

tJi.  M.ixed  with  salt  is  added.    After  some  hours  the  sonr 

from  the  Til  r,  which  is  then  run  off,  and  freeh  ley  added  also 

••J^'     T^p  1  -r  is  then  proceeded  with,  the  ley  having  a  rtretiL  _      ,„^^ 

» ebuUiliun  in  cuntlnu^  gently  imtil  the  alkali  ia  exhaosted,  wlusn  ihe  mothw-i 
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I  nin  off,  and  freah  ley  mbtcMi  with  common  sjilt  agnin  added :  tliis  Dperati  )n  is 
i  some  foiir  or  six  times,  wlum  Uio  HOup  in  at  U^-^t  quite  ir.tdT.  Tlds  stagr^  is  indi^ 
r  the  alxwnce  of  all  smell  of  oil  laid  the  pi:€ulitir  jrrJiin  uf  tlio  mas*«*  whieh  is  left 
bat  if  sulpli&te  of  iron  has  ht^Qu  ftddi>d,  it  i»  in.M-H'!««iry  ta  stir  the  noap  coTitiiiiioufily 
•Arly  cold,  in  order  to  produce  the  mottletl  appcftrauoe  due  Ut  tlie  formation  of  aid- 
it  iron  from  tho  *»ulphftt'i  by  the  aotiuii  uf  th*i  s^ulpbarct  <»f  s<idiuta  of  the  ft«)da-le3r. 
-aoap  is  produced  iii  EnglMud  liy  udilin^''  a  rnncciitratr^d  H^jlutiun  of  emdo  caustic 
gaining'  aulphurct  of  sodium  to  the  litpiid  M>Hp,  previously  imprecated  with 
flbf  irou.  \^  hen  nearly  cold  the  Ht»ap  id  pla4M?d  in  wooden  boxed  and  left  to  com- 
l^dify.  After  t^:n  to  twt^ve  days  it  is  rtadv  for  l»eing  eut  into  barw.  64  litres*  of 
Ite  60 kilo-i.,  yield  90  to  95  kiJo».  of  soap.  White*oil  soup  is  prepared  in  u  similar 
,  bnt  purer  materiak  &n»  omplojed.  A  good  sample  of  MarseillcH  mottled  ttoiLp 
lontjun: — 

L  n. 

Fat  adda      * 63  62 

Alkali    .,     .,     13  II 

>  Water 24  27 

loa  foo 

Jb  oM^iinf'd  from  crade  oleio  acid^  a  by-product  of  stearine  candlo 
rtare.  The  oleic  acid  prodtioed  by  the  distillntion  process  is  Ips^  suit:ible  for  soap- 
porpoa^a,  Oleio  acid  i»  saponified  »itaply  b^*  being  uuxcd  with  a  stmng  solution 
Halo  of  aoda,  or  by  the  application  of  caustic  aoda.  In  the  use  of  the  carbonate 
howeirer,  there  is  the  diwidvantage  of  the  efferviefloeiioe  duo  to  th<>  evolution  of 
acidr  and  eonswjueut  boil  injur  over  or  Bpilling  of  the  mntenid«.  Pitman  uses  tlie 
m  of  •oda  in  a  dry  state.     Hejit  ia  be&t  applied  by  Moiiit's  arraDgimt'iit^  in  which 

E-  '  '  i;rh  a  6yj*tem  of  pipi's  moA^d  by  machinerj'  and  acrinJ^'■  an  stirrersi, 
I'd.  As  BOiFU  an  th*>  mass  has  acquiPL»d  suflSf-'iont  c*jiisihteiiey,  and  the 
, .,.-  ,  Liic  soap  ii*  put  into  nioultU  to  cool  and  solidify.  When  1  a  untie  tjoda 
!i«lf  III©  ley  [up.  j{r»  115  to  1-20^:^26'  to  25'  B.)  ie*  tin+t  pfjured  into  the  f^Tuldrt:»n 
itflit  tn  i  Tuiliition,  next  the  oleic  acid  is  oddw!^  and  a?*  fioon  a^*  tb*»  sonp-jj^lue  in 
Ut^  '  ijf  the  ley  is  put  in,  and  the  ebullition  continued  until  the  aoap  in 

'P  [.^n  from  the  mcitht'rdii|uor  is  greatlv  promoted  by  the  atldition  of 

i,     1  rii'  H"jip  iji  poured  into  mouldH  tJ)  cool  and  ncjlidifr.     In  onir  r  to  impiirt  ^^reater 
to  the  ftoup,  some   5  Ut  S  per  cent,  of  tallow  is  ad<le<l  to  tlio  oleic  acid      100 
ftWc  acid  yield  frt^in  150  to  160  kilos,  of  8oap>  whicsh,  when  well  made,  conaistH  in 
I  oft — 

Fat  acids 66 

I                Soda 13 
Water      21 
roo 
p«       Oolophoninm  and  ordinary  fir-tre©  rcfdn  combine  at  boiling'  heat  more 
ith  alkrdiea  than  fata  and  oils;  hut  the  compound**  obtainfxi  by  treating-  resina 
tk  alkuiicA  are  not  soapi  in  a  chemical  sc^nse,  nor  have  tbey  the  appt^aranoe  or 
W/d.  80ap>     WTien  txiUow  b  saponified  with  a  portion  of   rcFin,  a  true  soap  is 
Hdi  Enyrhmd  reftin-tallow  sonp  is  manufactured  ver^-  lartrely  by  first  preparing"  a 
ii^  .,,.,1  -.1   ..^  ^jjj,  Ijj  ready  adrlinjE?  to  it  about  50  to  60  per  cent,  of  the  best  resin 
small  lumps.     The  mans  U  thorwu^ldy  Mtirre<l,  and  aftcT  the  resin 
-d  with  the  tally  w,  the  motlier-liqiior  or  underd^y  is  run  oif^  and 
m1  by  boilings  with  a  quatitity  of  frt^sh  ley  at  7^  to  8'^  B.     The  iiiso- 
I  Nosps  havinidT  been  removed  a.-*  scum  from  the  top  of  tlie  licpiid,  the 
iH  pjurL'd  iTjto  moid^ls  made  of  w«:K>d  or  sheet-iron  ;  sometimc»  palm-oil  ii*  added 
to  imi>rore  tlie  colour  of  the  soap.     Usuidly,  palm-oil  is  not  saponified  ali>ne,  but 
bo  tallow ;  by  treating-  a  mixture  of  2  parts  of  tallow  and  3  parts  of  palm-oil  with 
ir  Boda-ley  in  the  ordinary  manner,  and  by  fnixing  this  soap  with  a  re  in  soap 
f  nmi  I  part  of  reisia  and  a  proper  qu«mtity  of  potadsa-ley,  the  Goi-mun  pulm-oil 

■#■•       Aa  it  ift  pomble  to  incorporate  soda-soaps  with  a  certain  quantity  of  water 
'  '  '%  the  soap-boilers  at  the  present  day  only  prepare  so- 

rts are  nrat  completely  «ep»inited  from  the  iimlerdey  by 
.  .-V..,  i,^  ..  ^..i,  ..:  liri,  in  addition  to  water,  glyeerine  and  the  salfi  e.w«tinJDf 
dM^ej;  it  ia  Oiring  to  the  larjje  anic*uni  of  water  contained  that  the  soap-boiler 
*"    '       I  toopa  noiwithiitaudin^  tlie  "very  greatly  iucreaaed  piii^e  qI  fatty 
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8ub»t^nces<     Soap  of  this  fcind  (in  GkErmoit^r  known  as  E^oliwegier  soap)  jtppears  ^ 
freshly  niiide  quite  hard  and  drv,  though  <30(atauimg>  Bnoh  a  litrg©  qiitrntity  of  wmUt.    liit 
pobdblc  to  mitko  from  ioo  kilos,  of  fatty  matter  500  kilt^.  of  good,  bn^ht^  hiird  aorfip. 

The  manufacture  of  cocoa-nut  oil  soap  raaembles  that  of  the  othar  kinds  of  floap. 
With  a  weak  ley  cocoa  -nut  oil  does  not  form  th©  emulsioa  common  to  othdr  ioftpfl, 
but  swims  od  the  auriiico  as  a  cloar  fat  ,*  when,  by  boiling,  the  ley  has  roachfld  1 
proper  consisten<;e,  the  oil  suddenly  saponiii&s.  A  strong  soda-ley  is  uaod  in  tlie 
preparation  of  tbia  kind  of  s'lap.  Cocoa-nut  oil  in  saponifying  does  not  soponite 
from  tho  under-ley,  tliereforo  potash-Icy  ia  nover  employed.  To  prevent  tbosepora* 
lion  of  the  soap  from  the  mixing,  tho  <|uantity  of  cauatic  -ley  usod  must  be  aocuratelj 
moasure^d.  Puro  co^^oa-mit  oil  »oap  hardens  quickly.  It  is  white^  like  alabaster, 
shiny,  8C»t"t,  and  easily  lathered  ;  it  has,  however,  a  peculiarly  unpleasant  tmcllt 
which  cannot  be  entirely  inaHkecJ  by  any  jHjrfume.  Cocoa-nut  oU  is  seldom  usod 
alone,  but  usually  ufi  an  addition  to  palm-oil  and  tallow.  This  kind  of  soap  oko  W 
made  witliout  boiling,  by  mun>ly  hestting  to  80^  C,  by  means  of  steam,  to  molt  the 
fats,  a  Btronp^  soila-ley  Imng  added,  and  the  mixture  quickly  stirred.  This  Is  koown 
as  the  "  cold  method,"  and  soap  can  be  thus  prepared  in  largo  quantities  iu  a^ 
time,  and  is  goner  ally  hard  and  dry.  When  exposed  to  the  air  for  a  month  rrri 
the  soap  loses  consideml>ly  in  woi^s^ht,  and  botiomes  effloresc^l  superficially,  B.  U^ 
{1869)  pn^pares  a  soap  in  the  following  manner  : — lie  sajwnifies  palm-oil  witht 
ley  and  milt  as  usuah  Tlie  x^roduct  is  paimitate  of  soda.  At  the  same  time  i 
nut  oil  is  saponified  by  means  of  carbonattxl  and  caustic  eoda-iey  ;  this  is  addell 
the  palm-oil  soap,  and  they  are  boiled.  As  a  rule  there  are  taken  2  parts  of  palm-oJ 
to  I  part  of  coeoa-nut  oil ;  and  to  100  parts  of  the  latter  there  are  ad<led  14*^  partij 
caustic  soda  (Na^O)  and  12'8  parts  of  carbonate  of  soda.  Acootding  to  Ua 
©Kperiments,  this  soap  contains  5  mols.  paimitate  of  soda,  1  mol.  carbonate  of  i 
and  J-  raul.  water.  The  "marbling*'  or  ** mottling*'  is  effected  in  the  foUfif 
manner: — Colouring? matt(>rs,  oxide  of  iixn,  brown-red,  Frankfort-blat^k,  an*  mix 
with  a  small  portion  of  soap  ;  this  is  pt»ured  intj  the  rest  of  the  soap,  with  i 
it  forms  layers  of  unequal  thicknoas.  Tho  entire  tnaas  ia  now  stiri^  and  1 
this  means  a  marbled  or  graine<i  appcsarance  imparted, 

sofi-SMp.       As  before  mentionud,  potash  forms  with  fats  and  oils  Only  a  «»/?-aoftpb 
which  dues  not  dry  wbon  exjxfcsiod  tu  the  air,  but  on  the  contrary  alMrtort^  irttcr» 
remjiininy:  coii^tuntly  like  a  jolly.      As  a   rule,  tbMi«e  so-c;ilkHl  sonps  un>  imp 
solutions  ttf  uloate  of  potash  iu  an  excess  of  potash-ley,  nuxtnl  with  thoglyo 
eeparatod  in  the  8ai>onification,     Soft-soaps  can   h&   pn^jmred  only  with  {tub 
leys,  although  iu  practice  1  part  of  soda-ley  is  substituted  for  a  purt  of  tlie  j 
to  assist  in  somewhat  hiirdnuing    tho  soap.     There  ia  no  separation  of  " 
from  the  undor-ley,  which  contains  nil  the  ini]>iu*ities  ;  eonsoquently  lhi3&eii 
minuted  in  the  poap. 

In  consefjuence  of  the  solubility  «fed  dennsing  propprties  of  soft-soap,  its  ua 
preforred  to  that  of  so«ia-90flp  in  tlie  manuiiicture  of  cloth  and  w<t«illen  iirtiolei* 
will  have  bt^en  seen  that   the   differoneo  in   manufacturing  hanl-  and  soft-* 
consists  in  employing  potash-ley  for  the  latter,  and  soda  for  the  former.    Wwidn 
is  not  used  in  prepanng  the  jMitawh-loy,  bnt  always^  pure  potash  ;  thn 
follows  the  umuil  method  with  caustic  lime.     The  f-its  usetl  are  mixt 
veg*4tuMt^  und  atnmrd  oils,  ns  the  fish-oil  kntnvn  as  '*  Soutbeni,"  with  nip*?,  hciui'.  * 
linseed  oils«    Tlie  particular  oil  used  vaiioa  aocording  to  the  timo  of  tho  yeili 
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aoit  ons  are  employed ;  in  summor  the  firmer  oib, 
OAp  is  generally  iijaed  for  fulling  and  scouring^ ;  but  Jibroad  it  is  sttnititimes 
br  washing  linen,  to  which  it  imparte  a  most  disagrecabli^  tiwhy  odour,  hardly 
fclvd  by  nny  nmoimt  of  perfume.  The  lK?st  soft-aoap  is  inudi^  fruni  \v'Ui\  --  ed 
is  oU  imparting  a  green  tinge,  which,  however,  cau  b©  imitated  by  adding 
i  to  iiiferior  $tmps.  Summer  soap,  as  it  la  t<?rmfld,  eontains,  owing  to  the  fat 
3r*>d,  more  palmitate  of  potash  in  proportion  to  oleate  than  the  witer  soap, 
im^  8a]Kmifiration  is  effected  with  a  mixture  of  hemp-  and  palm-oil  or 
;  of  t ruin-oil  and  tallow,  ^c. 

"boiling  of  the  soft-soap  commenc<^8  with  a  strong  ley  containing  8  to  lo  per 
)at4it»h,  by  which  an  emulsion  is  fnrmH<l.  '^The  scum  ia  dashed  about  with  a, 
the  beating-stick,  and  by  this  means  all  the  alkali  is  caused  to  bo  taken  up, 
ki  lijy  ia  then  added,  and  the  boiling  continued,  until  the  soap  upon  cooling 
a  inter  a  clear  tough  mass.  'Wlien  the  soup  contains  too  much  caustic  alkali, 
ca^n  bo  ascertained  by  the  ta^to,  more  oil  ia  added.  The  ciear-hoiHinj  now 
EnitMw,  during  which  the  excess  of  wat^r  is  removed.  To  avoid  lengthy 
ration  a  concentrated  ley  is  employed^  and  the  ^ap,  instead  of  bubbling  up, 
\  «ttrface  c^tvc^rod  with  blisters  aa  large  as  the  hand ;  these  bb'stors  are  termed 
HpHien  the  boiling  h  finished — ascertained  by  placing  some  of  the  soap  tx) 
Hr^his^  platOi  from  which,  if  lirm»  it  can  be  separated— the  &oap  ia  cooled, 
otttd  iu  barrels. 

i-«(iap  will  t^ke  up  a  conaiderable  qtiantity  of  water-glass  solution  without 
tion.  Recently,  for  fulling,  there  has  been  added  to  the  aoft-eonp  a  solution  of 
|te  of  potadh,  or  a  mixture  of  alum  and  common  salt  and  also  potato-starch* 

,«K*.  v™^        Aiioibor  floap  is  prepared  from  hcig*s-lart!,  dud  wheri  ftoentr^  with  oil 

-euce  of  mirbane  (nitrobMiisol)  is  sold  ua  ahnond-sojiji,  and  as*  a  oo>tiuetic* 

1  roiD  the  gi^a«e  of  slicep^d-wcKih     'Die  »o-cyilled  boin^-sotip  is  nothing  more 

iaii.lui  o  of  tb**  usual  hard  or  cocoa-nut  oil  <*aaj>  with  the  jolly  from  bones.     The  boneii 

pi  tPBut^l  with  muriatic  acid  to  fteparatci  the  p}ir»NpJiat^«  of  calcium.     A  variety  of 

LivprpiKjl  common  8oap.     Fimt-«oap  h  an  oil-  or  tflllow-wiap  with  which 

-.  mixcMl.     Wh(?n  powdonid  pumit^tj-stooe  ia  substituted  for  tbo  ailiee-^us 

\ii  tydlud  pumii't:-fiOuy>>     In  ^Cnierica  a»  well  aa  in  England  a  wat4?i'*glii3S 

itTit*-*!  for  th«  siliet*<nia  earth,  although  according  to  Seebc^r  the  result  in 

:  *.     Ctx>oa-nut  oil  «oftp,  however^  coutaining  24  per  f:t>ut.  tjilicate  of  fioda 

,«ratpr,  ia  very  ftrm,    lu  the  Unitetl  Stutes  water-glass  is  add*"d  tu  the  soap 

-•m  tlio  Ijoiling-pan,  it  ia  potinxi  iiit«  the  moiddst.     Tlie  wftter-glrtss  solu- 

V  T=  15'  B.  (=  rjt  Kp.  gr.) ;  the  proportion  of  map  w  60  per  cent.     This 

'  -  ri<  »ap  generally  seta  huid.     Recently  cryolite  and  alominate  of  «oda 

^H    On  accotint  of  the  reduction  in  thd  duty  toilet  Boaps  are  now  very 
^m  demand.     They  are  generally  loado   by  re-molting    and   perfuming 
in  soap.     English  toilet  soap  is  considered  the  best,  aa  that  of  France  aud 
toy  being  perfumed  while  cold  is  not  so  equable  a  product, 
taut)  thi-ee  modes  of  preparing  toilet  soap,  viz. : — 
^B  I.  By  re-melting  raw  soap  ; 

^^^^a  a.  By  the  ocAd  perfuming  of  odourless  soap ; 

^^^^^         5.  By  direet  preparation. 

^K^SSlhM  of  re-inelting,  good  raw  soap  is  aerapr^d  into  a  boiling  pan,  and 
udtiMg  and  skimming  the  peifume  is  added.  The  soup  is  then  ca^t  in  moulds 
rvquired  form.  2.  In  the  method  of  fKirfuming  in  the  eokl,  odourless  soap  is 
ae  ghivds  by  a  machine ;  the  perfume  is  then  addtsd*  and  the  soap  is 
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p:i3Sod  between  rollwrs,   the  sheets  or  bars  thus  Ibniied  being  cut  into  liibletfi. 
Struve,  of  Leifistc,  has  inrented  a  machmo  by  meaas  of  which  soap  is  stnmiKxi  tnui 
■"the  shiirw?  rerjtiiretl,     3.  Tlie  direct  preparation  of  toilet-soap  coD&istd  in  coloumg' 
and  scenting  pure  white  common  soap  without  an  intervening  oooling.  The  coluur- 
ag  materials  are— for  rod,  cinnabar,  coralline,  and  fvichsine  ;  the  violet  tar  oobnr 
or  violet ;  for  blue,  ultramarine  ;  for  brown,  a  solution  of  raw  sugar  or  cAnuueL 
"Windsor  soap  is  prepared  in  the  following  manner  : — 40  pounds  of  mutton  tallow 
and  15  to  20  pfiunds  of  olive  oil  are  mixed  with  soda-ley  marking  19",  making  • 
aoAp  of  15" ;  finally,  with  ley  marking  20*>,  when  th©  soap  is  of  the  consistency  iif 
maiTow.     The  excess  of  ley  is  then  neutralised.    When  the  soap  is  set  it  is  allowed 
to  stiuid  six  to  eight  hours,  and  during  this  time  most  of  the  iinder*ley  8epikr«t«fi. 
It  is  then  plaf-e^l  in  a  flat  form,  and  pressed  until  no  fluid  exudoar.     It  is  scented 
with  cumin  oil,  bergamot,  oil  of  lavender,  oil  of  thyme,  &c.     Moist  sugar  is  uk4 
to  impart  the  brown  colour,     fioso  soap,  aama  a  la  rose,  is  manufactured  by  melt- 
ing the  ingredients  of  three  parts  of  oil-soap  with  two  parts  of  tallow  soup,  ft&i 
sometimes  water ;  the  perfume  is  attar  of  roses,  oil  of  roses,  or  giiliflower-wulaTf 
the  colouring  matter  being  generally  cinnabar.     Shaving- soap  mu^t  not  coatiiii 
free  alkalios.     It  is  sometimes  prepared  by  boiling  fat  acids  with  a  mixture  of  the 
carbonates  of  soda  and  potash.     Lathor-soaps  have  in  equoJ  volume  only 
substance?  of  the  other  Miups,     Palm-  or  olive*oil  soap  is  meltod  with  an 
of  one-third  to  <ino-oij^hth  the  volutue  of  water,  and  the  mass  stirred  untii  it  ha 
increased  to  double  the  volume.     It  is  then  placed  in  a  mould.     It  should  bt 
remarked  that  the  oil -soaps,  and  not  tallow-soaps,  are  the  true  formativee  of  flit 
lather- s<»aps. 

TrtMp-rpm  s.>«p.  Ordinary  dry  tallow-soup  is  cut  int<>  splinters  and  heated  witH  an 
equal  weight  nf  alcohol,  in  which  the  soap  dis^lves.  The  mixture  is  allowed  to 
cool ;  then^with  all  impurities  are  thrown  duwn,  and  the  clear  fluid  is  placed  iu 
moulds,  where  it  has  to  remiiin  threo  to  four  weeks  to  harden.  Tincture  of 
neal  and  aniline  red  are  employed  for  colouring  transparent  «oapft,  and 
Martin's  yellow.  The  perfume  is  chiefly  oil  of  cinnamon,  sometimes  oil  of  tbyiw^ 
oil  of  marjoram,  and  sassafras -oil.  Olyoorine-eoap  ia  prepared  fi'om  an  alcobnlifl 
solution  of  ordinary  soap,  to  which  glycerine  is  added.  Or  5  cwta^  of  soap  with  to 
equal  quantity  of  glycerine  are  heated  by  steam  in  a  copper  vessel.  The  mixtoi* 
is  placed  in  moulds,  and  allowed  to  sc^t  in  the  u^ual  manner.  A  solution  of  901^ 
in  an  excess  of  glycerine  (35  rjo)  forms  fluid  glycorine-aoap,  which  is  of  a  clail 
honey  consistency.     Both  varieties  are  perfumed  with  essential  oils. 

Ui«»of  Soap.         Soap  is  used  for  cleansing  pnrposess  in  washing;  tn  blenchfncr  <*lr>t?i  «rf 
Wooll«'n  xoaterials ;  for  the  preparation  of  lithographic  tints,  &o.     The  e^eix  r 
ties  of  soap  are  due  to  the  aJkaUea  it  cwntjiiiba.     The  alkali,  although  coml' 
itit  aoids,  loses  none  of  those  properties,  which  are  in  fact  incladed  in  the  c^^jiucnairii 'ii  >^i 
the*  alkali  with  the  fatly  substances  of  the  dirt  to  be  remove'd.     Tlu'^  ^^planatKm  of  tKt 
action  chemically^  according  to  Chevreul,  is  the  following . — The  neutral  «alt»  fornkf^i  <  > 
the  alkaUea  and  the  fat  acids,  stearatoflr  palmitates^  and  oleatea  are  d«:*ootn[Kn(>i 
water,  whereby  insoluble  double  fat  acid  siuts  are  separated,  while  the  »Ikali  inmAtf 
roean»  of  the  free  alkali  the  impurities  clinging  to  the  materials  are  removed,  and  ylrr 
wp  by  the  fat  add  salts,  the  suspended  dirt  being  thu»  eontained  in  the  lather. 

SuftpTctfx,  The  greater  the  quantity  of  fat  aeid-t  orjmliined  in  the  Aoap,  the  luglier  il  ^ 
valu5.  A  normal  soap,  beaido^  ulkalino  fat  acitk,  i^hould  only  cont4Lin  free  water,  tb» 
quantity  of  which  give#  a  nieuns  of  estimating  the  vidue  o{  the  soap.  It  ia  in  the  | 
of  the  floap^maker  to  mjinufaetiire  300  parts  m  a  good  hard  soap  out  of  100  parte  t 
Wbaa  too  imdl  a  quant&tj  of  water  is  oQatained  the 
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Io«t  in  ol^taining  a  latlier.  If»  on  the  other  band,  water  i»  hold  in  tao  large 
e  is  &  great  loss  of  materiaL  The  d^grreo  of  hnrdue^rt  of  the  soap  fonn^ 
ler  tn^iiiis  of  estiniating'  its  valuD.  Many  sonp.')  contain  2  to  3  pur  cent, 
it  the  i>'^'P*"^'^^  o'  water  and  tho  h/irdiie88  of  a  soap  are  not  tbo  only 
latioti,  there  still  roToaLns  the  <?>^timiition  of  the?  nv^utrtiJ  fat  ucid  alkidieKf 
I,  eomtiion  salt^  or  unsaponified  fat  in  the  re'ddup  k»ft  uft4?r  tho  dryingr  of  the 
jiding"  U't  W.  St^pin,  the  jpreeenGe  of  free  alkali  mar  be  asctrtaincd  hy  meanft 
or  ftroonling  to  Noacholdt  by  nitrate  of  profc*>xidB  of  mercury.  Uncorabintd  fat 
formation  of  a  lather,  and  after  a  time  imparts  to  the  «oap  a  rancid  odour, 

Cof  a  aoap  can  only  be  accurately  ascertained  by  means  of  chemical 
All  floap^  that  hare  not  potash  or  soda  for  a  base  are  inaoluble  in  water, 
soluble  soaps  are  of  technical  im^rtance* 
loap  plays  nn  important  part  in  stearme-wax  manufHcturp.  It  in  made  either 
lapoiufying  fat  with  hydrate  of  lime,  or  by  treatiiiji^  f^oluble  soap  with  a  isotu- 
li  of  lime ;  thii*  soap  is  formed  to  some  extent  when  ordinary  soap  is  di»-84i>lred 
ter.  Barium-  and  «trotitium-843ap  are  similar  to  efilciiim-aoup.  Mugneisaum- 
fly  \iriih  difficulty;  it  may  be  ohtnained  indirectly  hy  diseolving  ordinary 
Aiunuiiium-tMjap  ia  without  doubt  an  iiipuJuble  soap;  argilhieeouA 
J,  ..  JiTy  f.^^  unless  aluminat<>  of  soda  or  potash  i^  pr*^sent.     Aluminium 

d  routing,     AcenrtHng  to  Jarry,  wood  Lmprtgiiatt'd  with  oleate  or 

all!  i^  impervious*  to  moi»ture.     Lately  many  materials  have  beeti  fmi- 

•pruof  l'>  I'eiii^  dip|>ed  into  a  i*f4ution  of  acetate  of  aluminium,  and  theu  into 
aon,  aluniinium  sriap  being  thus  formed. 

!ie-eoap  ia  prt"]>:ired  by  the  addition  of  Bulpliate  of  manprftnesc  to  ordinary  itoap, 
g  carbonate  of  munjrflnri*^fie  with  oh-ic  arid.  It  is  unually  aitplicd  as  a  siccjitivw. 
I  prepared  by  the  double  decomp<wdtion  of  sulphate  of  zinc  and  soup^  or  by  the 
ou  of  xinc*white  with  olive-oil  or  fat,  forming'  a  yellow- white  ma«s.  Zine-sonp 
wi  oil-coh>ur,  and  also  as  /itic-plastor.  Lead-soup  or  lead-plaster  is  made  by 
te-lead  to  olive-oD,  or  acetate  of  lead  to  eonp  Bolution.  Tin-soap  is  prepared 
ble  decomposition  of  chloride  of  tin  with  soap.  Copper-soapi  formed  by  the 
iulphatf*  of  eojijur  Rolutimi  to  aoap,  ia  soluble  in  ether  and  oil^  less  S4j  in  nlcohol ; 
in  pr*>pJiriTi^"^  water-colours.  It  may  be  made  by  boiliuflf  oleic  acid  with 
f  rnpp  r.  Mercury  or  quicksilver-soap  is  prepared  from  chloride  of  mercury 
t  iB  ditHoult  ti3  dry ;  is  wliiie,  but  when  expoeed  to  air  and  lipht  turuH  grey. 
«p  was*  formerly  known  as  quicksUFer-aoap  and  quicksilver-plaster.  SilTcr, 
la  tin  uin- soaps,  are  severally  prepared  by  double  decompo«ition ;  hut  they  are 
tBod.     Gold**ioap  h  employed  iii  gilding  porcelain;  and  silver-soap  for  dark* 
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oceurs  native  as  aassolin,  IT3BO3  ;  in  100  parts  t — 

Anhydrous  boracic  acid,  BjOj       5^*45 

Waiter 43'55 


100*00 
I  the  foUowing  mineralfl : — 


or  Wrate  of  magnerium  withl  ^^^  ^  ^^ 

\  of  mugnesmm        ......  J  -*  * 


f  0^ 

de  < 

•it*',  or  Iwiratc  of  calcium     . .      . »  »,  30  to  45 

-in*?,  Ti^yi.  or  borate  of  lime       . .  „  30  to  44 

bon^iitd ti  47 

ft  borax,  horato  of  soda     *,  „  3^*53 

Pe,  or  boro-sUicate      „  z8 

lite - „  ao*35 

»      .,      . . ,»  2  to  6*6 

2  to  II 'S 
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Borocic  acid  m  found  alao  in  Bmall  quantities  in  nmny  minrinil  waters  an 
wnter.    Lartlerolliks  or  borate  of  aintnonm,  and  lagonite,  or  bor*itt>  of  ircm,  am  lotk 
found  in  very  trmall  quantities  in  Tuscany,  but  are  interesting  to  miner 

Boracic  acid  is  found  as  aaaeolin  in  many  volcanic  regions  mixed  t\ 
and  in  the  hot  i;|>ring8  of  Saeao,  in  ToBCany^  and  also  between  Tolterra  and 
Miiritima  in  the  cltjfts  and  rents  ot  the  volcanic  formation  of  rr>ck.     H6ffer  J 
Mascagni  (1776),  first  mentioned  the  oeeurrenc**  of  boracic  acid  in  the  waters  sot 
ject*MU  in  the  clefla  of  the  rock,  to  the  sulphurous  exhalatioui?.     Tin    '     '         ' 
form^:*d  in  these  clefts  are  varioualy  known  as  futaacchx,  /umaroJtji, 
mofcUi,    The  boracic  acid  deposits  in  some  cases  cover  an  extent  ol  mx  nultak 
Sinci*  18 1 8  artificial  soffioiii  have  been  conatmcted,  and  the  benefit  denvc^l  by  th* 
cjountrv  from  the  introdaction  of  the  industry  is  immense.     The  fir»t  artifidal  Wm 
was  situakni  near  Monte  Cerboli,  and  the  product  waa  for  sometime  kt'^^    * 
Larderellite,  from  the  owner's  name,  LardoreL     The  production  from  the 
alone  amounted  in   iSj^  to  717,533  kiloa.,  and  in  1867  to  2, 350,1 00  kiluv    iw? 
increase  has  been  greatest  since  1854,  owing  to  the  energy  with  wliii-h  G^azzctiaidj 
Durval  entf?ro<l  upon  the  eonHtmction  of  the  artificial  sotliom. 

The  eoil  of  the  natural  lakes,  or  beds  of  the  natural  &offioui,  ore  of  11  1 
formation,  and  have  a  peculiar   seething   movement   due    to   the  escape  of 
fluJphuToua  vapours  from  the  fumaroles  or  vents.     According  to  Bayen,  this  \ 
or  steam  may  be  considered  as  condensed  and  as  non-condeused,  the  formers 
taining  besides  wat4^rt  svilphate  of  lime,  sulphate  of  magnesia,  sulphate  of  an 
chloride  of  ii'on,  hydrochloric  acid,  organic  mibstances,  a  fishy-smelling  oil,  i 
fiand)  and  a  small  quantity  of  boracic  acid.  The  nou-condoased  vapour  consii^tedo 

Carbonic  acid      o*5730 

Nitrogen      0*3480 

Oxygon        -  ..      ».  0-0657 

Sulphuretted  hydrogen    ..      ..  o"oi33 


Pay  en  is  of  opinion  that  the  vapours  contain  no  boracic  a*^id,  while  C,  Sck 
thinks  otherwise,  as  the  vapours,  when  coudensefi  without  contact  with  the  1 
of  the  sofEoni,  yield  boracic  acid.  The  oondensed  vapoui-s  contain  o'l  pert 
boracic  acid. 

Tbeorjot  thf  FormmtSoo       Bumas  and  Payon  found  an  explanation  of  the  foj 
KKtivc  iiorwdc  Add.       voli'anic  boracic  acid  upon  the  hypothej<is  that  there  ( 
the  interior  Cff  the  volcano  or  beneath  the  under-cruat  of  the  eaith  a  layi*Tof  « 
of  boron  (B^Sj),  which  under  the  action  of  the  mineral  waters  booomos 
into  boracic  acid  aud  sulphuretted  hydrogen.     P.  Bolley  gives  the  action  1 
to  that  occurring  in  the  formation  of  sal-ammoniac,  a  very  tx»mmon  minmdl 
volcanic  regions.     Profcsi4or  Beechi,  of  Florence,  found  nitride  of  l>oTT>n  'BX)! 
one  of  the  under-strata,  from  whitdi  he  prepared  aTtificially  by  m^ 
ammunia  and  boracic  acid.   Also  Warrington  (1854)  and  Popp  (iSjo^  t*  tM 

appciiraaice  of  boracic  acid  and  ammonia  in  volcanoes  to  the  docom position  of  aitridt ' 
of  bomn  by  evaporation.     Recently  (1S62}  Becehi  has  obtained  borMoic  ncidby 
d»30ouiposition  of  l-iorate  of  calcium  in  a  stream  of  super ht^tited  steam, 

^"^iJ^'^lMe^AcIT  ^'^     "^^  mn^i  general  method  of  obtuining  boracic  aci«1      '      * 
^43©  ef  the  water  of  the  natural  or  artificial  sottioni.   The  water  is 
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cially  introduced  into  the  natural  fumaroles,  as  these  somotimes  do  not  re- 
ly themselves  with  sufficient  rapidity.  As  soon  as  the  water  has  absorbed  a 
durable  quantity  of  the  vapours  it  is  removed  and  placed  in  a  lar^e  mason- 
cistern;  this  cistern  is  imbedded  in  the  soil  near  the  fumaroles,  and  the 
■al  heat  is  sufficient  to  cause  evaporation.  The  vapours  are  condensed  in  a 
en  chimney.  The  separated  impurities,  gypsum,  &c.,  remain  in  the  cistern.  Ab 
as  the  solution  is  of  a  sp.  gr.  ^I'oy — i'o8  at  8o<^,  it  is  poured  into  leaden 
illising  vessels  where  the  boracic  acid  crystallises  out.  The  mother-li(|uor  is 
►rattKi  to  dryness.  It  should  be  remembered  that  the  entire  optTution  is  con- 
d  with  the  assistance  of  the  natural  heat  of  the  fumaroles  only.  Occasionally 
onicic  acid  is  only  present  in  the  natural  waters  to  0002  of  a  part ;  and  in 
cast-s  fuel  must  be  used  in  the  evaporation,  which  therefore  entails  the  expense 
rriage,  as  fuel  is  very  scarce  near  the  soffioui.  Charcoal  is  generally  used. 
»y  this  means  an  acid  is  obtained,  containing  about  70  to  80  per  cent,  hydrated 
ic  acid,  with  10  per  cent,  impurities.  Clouet  removes  the  impurities  by  troat- 
with  5  per  cent,  of  ordinaiy  hydrochloric  acid.  Boracic  acid  for  pharma- 
)al  purposes  may  be  pi'epared  by  dissolving  i  part  of  borax  in  4  parts  of 
g  water,  and  decomposing  the  solution  with  one-third  part  of  sulphuric,  or 
r  with  half  part  of  hydrochloric  acid  of  1*2  sp.  gr.  The  acid  separates  on 
ig,  and  can  be  purified  by  crystallisation. 
100  parts  of  commercial  boracic  acid  from  Tuscany,  II.  Vohl  (1866)  found : — 


I.  2. 

•ic  acid     ..      ..      ..  45*1996  47*6320 

r  of  crj'stallisation.  .  34-8916  35*6983 

r       4*5019  2*5860 

mrio  acid 9*6135  7*9096 

L'acid        o*8i2i  1*2840 

0*2991  0*5000 

.•of  iron 0*1266  0*1631 

'xido  of  manganese . .  0*003 1  ti*aces 

lina 0*5786  00802 

0-0109  0-3055 

K'sia 06080  ti'uces 

h      0*1801  0*2551* 

oiiia 2*9891  3*5165 

0*0029  traces 

ido  of  s«xlium . .      ..  0*1012  0-0595 

lie  substances  and  loss  0*0918  0*0101 


3- 
48-2357 
37*2127 
1*0237 
8*4423 
0*6000 
0*1000 
0*0920 
traces 
0*0504 
0-5178 
traces 
05178 
3*5169 
truces 
0*0401 
0*0101 


4. 

45*2487 

34*9010 

4*4990 

9*5833 
0-2134 
0-7722 
0-1030 
traces 

0-1359 
traces 
tract,^s 

0-6140 

3*7659 
traces 
0-1671 


5- 

48  1314 

38*0610 

1*5240 

7-8161 

00861 

0-4154 
0*0431 

traces 
0*1736 
traces 
traces 

0*4134 
3*0890 
traces 
0*0321 
0*0449 


lOO'OOOO 


100*0000       100*0000      100*0000 


SJIi^:?  Acia*  Pure  boracic  acid  crystallises  in  mother-of-pearl-like  leaves 
at  io<j''  C.  lose  half  their  water  of  crystallisation  without  melting,  the  other 
oing  driven  off  at  a  red-heat.  After  cooling  the  anhydrous  acid  appears  as  a 
transparent,  brittle  glass  of  1*83  sp.  gr.  i  i)art  boracic  acid  dissolves  in  25*6 
water  at  15°  G.,  and  in  2*9  parts  at  100°  C.  At  8"  a  saturated  solution  has  a 
.of  1*014.    It  imparts  a  green  colour  to  the  flame  of  the  spirit-lamp.     In  a 
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Ikbedral  borax  (NaiB407  +  sHjO)  contains  in  loo  parts  :— 
I         Boracic  acid  }                          ^^.^5 
\         Soda              J 
I         Wiitor      30-64 
V\ 


icxioo 


_  bonutb  manufachm^  in  tJie  following  mannfT :— There  are  diesolred  in  a 
Te«rt<4^  A^  Fig.  1 18,  26  c\*ts.  of  cry.4tAUi«t^i  earbonsito  of  sodit  m  about  1500  litrea 
hefttiMl  bv  mcimEi  of  »U*am,  to  the  boiUnir-xinint.  Tho  boOer,  0,  in  for  the 
|r  of  gouerating  sU^m,  wliich  id  paaeif  d  by  the  pipe,  f,  m^  the  rose,  wi,  into  A. 


ip^^"'^^^"''isfi»ir*"^^ 


Si«i  f'f  tb**  Ur^  tap«,  6  and  r,  the  fluid  may  bo  removed  froni  A.  Through  the 
thrf»wn  domi  from  the  wjlution  Ciin  bo  rcmnved.  Bnnicic  ncid  ia 
8  to  to  Ibji.  after  th*»  sjihition  has  boon  b^tited  to  tho  iKuHiijr-point* 
'  -nflll  qimntitT  of  carlionate  of  ttmmonin  in  dcvelopod.  mid  posiiea 

to   Ti  itaiuing'  dilute  sulphuna  rtcid,  by  uhith   it  is  abaorbed.     To 

I  til-  (?wt.M.  of  jwidfln  34  cwti*.  of  cnido  borucio  nrid  lire  accosaarv. 

[ling  liiatiirated  «oiution  marks  21°  to  22°  B.,  and  hai  n  trmprrature  of  104**     ^ 
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thfi  Boltition  is  too  stron^t  water  ib  iulded  ;  if  too  weak,  a  snmU  qimntifT  of  orud»  bartS|l 
bring  it  to  21*  B.  Tlie  wlution  is  alii  > wed  to  »timd  in  a  until  a.!!  iiisofuble  suImIaiioqa  i 
deposited.  'Hio  clear  ley  in  conducttHl  by  mvans  of  thi^  t«p,  f»  into  the 
vett8t4ss  p  r,  the  mud  or  depotdt  being  received  into  k.  The  cry«taili£Liig  Tewt^t'^  '•*' 
Uned  with  lead.  Tho  ory^talliBatdon  is  complet'e  in  two  to  thneo  dajs,  and 
liquor  i»  drawn  off  into  the  veescl  h.  The  en*fltals  are  phtOf*d  to  dmin  oc 
plane,  M.  The  raotlii^r-Hquor  in  retailed  for  the  dilution  of  n  fresh  quiiuiity  tj|  i 
After  three  or  four  o|HTatioiia,  t]>e  mi>tber'liquor  contains  sufficient  sulphate  of  «idi^ 
admit  of  profitable  cTT»*tid]iH*itio«  ;  and  tho  ley  h  alloweil  to  co*il  ut  30".  ^V*  the  ,  -  — 
of  sidphiite  *vf  rttxlu  \ui»  reaohed  tlie  niuximmu  at  a  teraperatui^  of  33%  it  ui  dear  that  tli 
crystaliiiiiition  of  the  tsulphute  oonanieneea  at  the  completion  of  that  of  thu 
Aitt'r  th*»  cryKtnnisatioij  of  the  nulphate  of  so<la,  the  mother-liquor  is  eVAponitc^  to  < 
netsa,  and  the  tatUne  residue  is  «H>ld  to  the  ^laiiti-ttmbufacturer. 

Pttrif jtflg  th«  Btmix.     The  crudu  liurax  to  bo  parified  is  pkoed  in  a  lead- li nod  ^ 
cistern^  A,  Fig*  119,  hcnikid  by  steam.     The  borax  i^  8Uq}ended  in  a  wire  1 
immediately  undur  Uio  eurfiic<j  of  tho  water  with  whii-b  a  b  filled.     To  loo  ] 
of  borax,  5  porta  of  cryBtoHised  cArbonato  of  soda   are  added,    and   the 


Kg,  119. 


is  fitrcngtbened  fi'om  time  to  time  till  it  murks  22^  B*    WTien  the  solution  in  i 
it  is  retnoyed  by  the  tup  to  the  cooler*  i».     To  prevout  h^gj?  of  ley,  the  flour  uu<it<rj 
is  Btipple<l  with  watei-proof  cement,  and  sloped  towards  a  gutter.    Tlie  cryf^talli 
Teeeel  is  of  thick  timbers,  n  F  If,  lined  stoutly  with  lead ;  thia  Tes^l  i^  filled  1 
ley  to  within  an  inch  of  tho  edge,  the  cover  being  then  placed  on.     The  steam  c 
den84*s  on  the  cover,  which  when  removed  ia  found  covered  with  amall  > 
larger  ciystals  falling  to  the  bottom  cif  the  vessel.     To  hasten  the  co< 
art*  left  in  timbers,  F;  but  tho  crystallisation  is  not  eff^^cted  under  ib  ;*. 
After  this  time  tho  ley  still  haa  a  teinperature  of  27*^  to  ^S'-"  C.     When  iptite 
foreign   8ub^tanr.'<^s   separate  from  the  borax.     Tho  veastd,  %  contains  the  ! 
borax  crysUda  frcmi  which  the  adhering  mother* liquor  is  sepAiHtud  by  a 
If  tho  crystak  are  not  thus  c^irefully  treated,  they  split  into  thin  leaver ;  for  1 
reason  also  the  cooling  ehould  be  gradual.    The  crystals  ixtv  dried  on  a  1 
table,  fimilly  sorted,  and  packed. 

In  Enghmd  borax  is  prepared  from  boracic  acid  in  tbe  following  mn^ 
crude  boracic  acid  is  mixed  with  half  its  weight  of  calcined  soda  and  > 
the  action  of  heat  in  a  muffle-oven.     Tlie  ammonia*  which  as  sulphate  is  an  1 
portant  constituent  of  crude  boracic  acid,  is»  with  carbonic  acid,  given  atf  da 
the  process,  and  pa«»es  through  a  tube  to  a  condensing  chamber.     The  men 
imsa  is  removed,  and  lixiviated  in  an  iron  yon ;  the  suspended  matter  is  alloirall 


Mb,  And  the  cloar  liquor  is  put  into  mmller  Tosaols  to  cool|  in  wMch  beautifol 
I  -  form.     It  ha^  already  bwn  mentioned  that  this  mtinufrtcturo  had  its  nrigiu 
!f'4*,    when*  HTilphurio   vapoura  were  emjiloyed.     A   mixture  of   calcined 
:  suMm  and  Uiruric  auid  were  placed  in  a  retort  and  sul>j*x;ied  to  diBttllation, 
-      duo  on  lixiviiition  and  cryatalliBation  yielding  borax,     Kdhnko  substitutes 
tnstic  sodA  for  the  ciirbonate  of  aoda,  the  borftx  crystallising  from  a  Tery  alkaline 
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Jv  bcvmx  hjLA  hv*u  obt&med  from  natlre  borate  of  calcium,  tisa  or  borocaldie^ 
..1 :.  ,  *     w  hW.   Na^B^0,  +  2€aB^0^+lSHp),    whie-h  occare  in  larjfo 
It,  and  tn  T^estem  Aincu.    Trvatm^mt  with  flidphuric  acid 
I  lu»  and  hydrochloric  aoid  id  then-fort^  empluycci.     The  add 
I  tiic  miuurni  u*  twr>-third8  of  its  weight  with  twice  the  quwitity  of  water, 
h^'»t<*H  t'>  the  l>«^ilinjar-jw:>iiit,  and  allowed  to  digest.    The  hrnt  fn«^t  b*^  maiu- 
(jiut^i  tu  thi  II  of  the  djife«tioii,  and  the  water  lG«t  by  eyapor.  iipliod- 

k*  ol*ar  lit  1 1  I*   derantod,  and  on  cooling  th«  boracic  acid  w  it,  th« 

|M^ " '- 1,  ..<.ij,n^  thloride  of  sodium,  chloride  of  cdciutn,  with  .i  r-ii;;.ii  >yvvm  of 

IT'  M  id.     Staaitfurt  boracite  or  Staasfurtite,  Id  also  becoming  largely  uaetl  in  tho 

*^j  r  l^mx. 

tlur  t^risiiuiiiG  hf Tdx  is  colourka**  and  formfl  transparent  cnst^Ls  of  175  ep.  gr.,  din- 
■ilTrd  in  %2  fM^rM  aoM  and  2  parta  boiling'  water,  the  solution  hiiving  n  weak  alkaline 
retetiuii  .  although  l>orax  i«  an  add  Halt.     By  <?Jcpt>Murc  to  tlif  air  it  Joeea 

inter.  '  at  it  separatea  into  a  Bponi^  masM  known  u«»  cn]r'im*d  bora]^,  and 

It  1  rwl-Lv,.L  ^ — — .--  .i  glaasy  appe&raxioe;  in  thia  condition  it  m  ustd  as  a  bJuwpipo 
Box. 

ocatokii  it»%a.  Octahedral  borax  (Na3B407  +  5H2O),  w  prejmred  in  the  following 
tttooer : — Priamatio  borax  ia  dissolved  iii  boiling  water  till  the  solution  marka 
30*  B.  =  i'26o  8p.  gr,  Thia  solution  ia  thtn  allowed  to  cool  y.T>-  slowly.  When  the 
ttun?  hiis  fallen  to  79 '^  C.»  the  o(^tahedral  crystals  lH*gin  to  form,  the  foi-ma- 
ning  till  the  tonj[»erature  reaches  56".  Alter  thig  the  mother-ley  polda 
atic  nrj'stiilj*.  Unless  great  care  be  taken,  a  mixed  crj-Ktallisation  results, 
ireijmmt^nds  the  preparation  of  octahedral  borax  by  evaporating  a  borax 
100  to  11^  B.  =:  I  '282  ep.  gr.,  when  it  ia  remov^  to  a  crysL'illisiug  yesael.  When 
10  ens.  of  bo  rax  are  operated  upon,  tlie  proceis  will  take  six  days  to  complete.  The 
itic  and  oct^ihedral  salt  ci^ift^illi-wa  in  distinct  layers  that  can  bo  separated 
ically.  Indian  bomx  and  Chinese  half- refined  borax  sometimes  cx^ntain 
ciT^talfi.  Octahe<lral  borax  is  known  in  French  commerce  undL*r  the 
!0f  calcined  borax,  jeweller's  borax,  surface  borax,  &c.  It  is  tlistinguished 
I  [iri»nnatic  >Kirax  by  its  c^atalline  form  and  the  proporti<m  of  water  contained, 
^  it»  dp  gr.  =;  i"St,  and  its  greater  liardness.  WTiilo  tiie  prii«matie  borax  remains 
ttftaffrctwl  in  tmnspar^cy  by  exposure  t^j  air,  the  octahedral  borax  nijudly  becomes 
ue,ttnd  abftiirbing  five  eciuivulents  of  water  is  convert<nl  into  the  prismatic  salt, 

TH*"  use-t  of  borax  are  very  numeroua.  MoIt«n  borax  ha*  the  property,  at 
if  fluxing-  niftaUic  oxides,  vitrifying  with  them  into  coluurc*d  truitr*- 
h  stance,  with  protoxide  of  cobalt  a  blue  ^la8M  is  formed,  and  with  •  t",  i.Lo 

-I     ^.     Thi.H  pr *"  ^    nf  greiit  utility  in  chemical  aiuu]y»i«,  ua  tiie 

V  be  thuH  d  in  tbe  bloM"[jijHj  tlame.     It  i«  al«o  tuied 

id   in   a   f '  1  >4   >Siragj(,  ustd    in   gbisH-mauufacture  and 

Ellziig*     ft    i*»  usetl  vxtensively  iu  giit^iug  the  finer  kinds  *)f  earthenware,  and  for 

Hn^  m*«fn1«  fmirt  th*}?-  ore?*.     Borax  formn  with  hhollac  in  pniportion  of  i  jwrt  to  5 

iibki  iu  water,  and  used  when  tnixcil  with  aniline  black  to 

itH  gives  a  11  aid  roacrabling  a  BoUition  of  giLm-arubiOf  for 

Borax  is  made  intt)  a  soap  for  wuhliiug  purposcH,  into  a 

and  it  it*  a\sit  nued  in  variouj*  cristmetie*,  A:c.     It  i»  largely 

iiity.     A«<'urding  to  Clouet,  a  mixture  of  bomdc  arid  and 

luniv  ri-.-,  a  I  tetter  flux  than  borax.     He  recommoinhi  100 


|xjiM^i  ur  wxh*  i»  ui  111  * 
Siuid  oad  too  xmrtb 


nitrate  to  be  placed  in  an  enamelled  iron  kettle 
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n'ith  lo  per  oent,  wntcr  and  hooted  till  fliiid.  When  cooled,  flut  white  crystala  ure  !oj 
those  mado  with  nitrut©  of  potiLsh  (aan  be  uaod  for  ot^stol-glUBS  mauuiiietare,  umL  1 
with  mtrate  of  soda  for  cuiimeUin|f ,  Borate  ol  ohromitim  is  known  in  oumxaeiroe  u  Ym^ 
Gm^nct  or  Pannetier'n  g:reen. 
piAiurTDd  Borua.or  WuhJer  and  H.  Dcrille  in  1857  wero  the  first  to  notice  that  boron  fotxii 
Aiwumout,  similarly  to  carbon  in  two  aJJotropio  condition-s  uiimely»  crT8tidyo#* 
Bud  amorphous,  Diuniotid  boron  is  prt?pi&rod  in  two  wajd,  aithor  by  the  r«^ti«tMm  <{ 
calcined  borax  with  aluminium  : — 

Boracic  acid,  B_,0_j,  \        •  1^     j  Ahiminap  Al^Oj* 

Alcmunium,  2A,      ]     ^  i  Boron,  iB ; 

or  by  converting  amorphooM  boron  into  cryetaUine.  Th<?  latter  method  give*  the  1 
result,  100  gnnii*.  of  anhydrous  boracic  acid  are  mixed  with  60  grmii.  of  aodlnia  in  a  1 
Iron  crucible  heated  to  a  red-heat.  To  this  mixture  40  to  50  grms-  of  oommon  salt  I 
added,  and  the  crucible  in  luted  down.  As  soon  as  tho  rt^action  is  finkhed,  the  moas,  ooik- 
filjitingr  of  amorphou,s  l>ort>n  with  boracic  acid,  borax,  and  common  salt  iutermingledv  ii 
itined  into  water  acidifit^  with  hydrochlorio  acid.  The  boron  ia  fiitonxl  out,  wa«Jied  with 
a  weak  solution  of  hydiCK'bloric  acid,  and  placed  upon  a  porous  atone  to  dry  at  the  oniiuAzy 
temperoture.  lilolton  ii^m^  it  ia  well  known,  converts  amorphous  carbon  into  cry^uiliae 
graphitic  cJirbon,  and  almiiinium  exercises  a  SLmilar  action  upon  boron.  The  crviiuliiiii 
boron  is  prepared  m  the  following  manner : — A  snmll  crucible  is  filled  with  auiurpliaQi 
boron,  in  the  centre  of  which  a  ^tuuU  bar  of  alimiinium  weighing'  4  to  6  grma.  ia  plaooi 
Tho  cTutible  is  anbmlttecl  to  a  t<?mpemturo  suMcient  to  melt  nickel  for  i|  to  3  h 
After  cooling-  tho  aluminium  will  be  found  covered  with  beatitifiil  crystak  of  boron. 
diiimond  bon»n  ia  ca.sily  <*tprinitcd  from  the  graphitoid.  The  form  is  a  traaapai^ent  1 
p:>tial  crystal,  of  a  j^amct-red  or  honey -yellow  colour,  or,  if  perfectly  pure,  ocdondlK  , 
ifl  very  brittle,  hard,  and  luHtrous;  it  will  scratch  rubies  etudlj.  Tlua  disoovviji 
time  be  of  great  technical  im[M^rtance. 


Peoduction  of  Alum,  Sulphates  of  Axumina,  and  AitrMurATES. 

Aifl»».  Alum  is  a  saline  substaucc,  consistiBg  of  sulphate  of  alumina,  aul[ihata| 
potash  or  amiuonia,  and  water  of  crj^stallisation.  It  occurs  native  aa  jx>tafih-ala 
and  as  nmmonia-nlum,  btjing,  in  fact,  a  double  salt,  conaiating  of  either  aulphatojj 
alomiiiu  and  sulphate  of  iiotaab,  or  sulphate  of  alumina  and  sulphate  of  amffloi 

Tha  alum  known  as  putash-almn,    ^  i  4SO4  +Z4H,0,  is  found  in  alum -shale. 

all  natural  alums  are  of  more  mineralogical  than  technical  interest,  the  alu 

of  commerce  being  always  artificially  prepared.    We  shall,  therefore,  pass  on  tall 

consideration  of  tho  latter, 

**Si*l!1i^^i^Miil^"*     The  ittanufaeture  of  alum  grounds  itself  on  the  formation  of « 

of  alumina  and  aluminato  of  soda  from  the  various  alum-ores,     Thceo  ors  \ 

eftrths  necessitating  diB'erent  methods  of  treatment,  may  be  divided  into  ; 

groups,  Tiz. : — 

t.  Those  which  contain  alumina,  potaasa,  and  sulphuric  acid  in  such  propnrtioEia  t 
the  addition  of  an  alkaline  mlt  is  not  requisite.  To  this  group  belongs  alum-<stoaii,  1 
sevcnd  varietit'S  of  aliim-fehale. 

2.  Til ose  in  which  the  Hidphate  of  aluminia  i^  alone  present,  neoensitatinff  th<«  1 
of  albili  ^ts  in  large  quantities.     To  tliia  group  belong  the  alum^hale  and  aliua-i 
found  ill  the  brown -coal  formation. 

3.  Tljose  in  which  alinuiim  only  la  contained,  and  to  whidi  both  stilphurie  i 
alkali  ^alts  miut  be  added.  To  tJiis  group  belong— a,  Cby ;  j9.  Cryolite;  7.  ' 
8.  Refuse  alack. 

4.  To  the  fourth  group  belong  thoee  materials,  sueh  as  felspar,  containing  alnmiaii 
potash  in  su^dent  quantity,  but  needing  the  addition  of  siUphnrio  add* 


•  Gmpliitic  boron  ia  by  a  later  discovfiiy  of  WiiMer'a  (1867)   vesolved  iitto 
aluminium;  formula,  AiB,. 
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Xii  (?roMp.^Almii-stone  or  -  alunite  oocura  only  in  volc&nic 
lid  is  the  product  of  the  action  of  the  sulplmrous  vapours  ux*on  sub- 
ich  in  foLgpar.  It  U  found  at  Talfa»  near  Civita-Vocchia^  and  in  larj;o 
il  Hi Moaaaig,  in  Ilungpiry*  The  crystallised  alum-stone  consjists  of  ^ulpliatea 
and  alumina  with  hydroxide  of  aluminium,  according  to  AL  Mitsdiorlich — 

loofi  iDMft  its  wat^r  at  a  red-heat,  the  product  of  the  caleinatioTi  hdng"  infliioni*pd 
,  viiile  fiii1«irnt  aliun-atone  i»  not,     At  a  strong  red-heat  the  **ulphate  of  alumina 
'Ittto     '  tilpliuroiw  aoid,  and  oxygeot  and  the  sulphate  of  potash  in  also 

id.      '  I  if*  (  ulc;nu>d  in  Ume-kilns  in  the  ordinary  manner.     The  mlciTit^ 

p  i«  liv. . . .     .  .V ah  U)iUiig  water^  the  supernatant  liquor  decanted,  and  the  tdiim 

i  out.     lUvman  rock,  or  Toche  alum  is  prepared  in  a  nmilar  manner,  the  red 
bg  dm*  to  peroxide  of  iron. 

W  Alum  ttom         2ud  Group. — This   mode  of  preparation  yielda  tho  greatest 

|S-La>i^         amount  of  alum  with  as  much  facility  as  from  alum -stone. 

Alum-shalo  or  schist  is  a  sulphurous  iron  pyrites,  found  under  beds  of 

er  Bavaria,  in  PinisBia,  near  Dusseldorf,  Saxony,  Bohemia,  Btjlgium,  &c. 

'  inferior  kinds  require  an  addition  of  alkali  saltB« 

Alum-earth  is  more  or  loss  a  mixture  of  sulphurous  iron  pyritos  with 

ious  matters.     The  sulphur  in  present  partly  in  free  state,  portly  aa 

iTttriol  pyrites ;  the  iron  is  present  partly  aa  sulphuret,  partly  as  iron 


«r  Alum.     The  preparation  of  the  alum  may  be  considered  in  the  following 
ions  :— 

Altifn-Eanb.  I.  The  roasting  of  the  alum  earths  is  the  ea^deiit  of  tie  opera- 
|fiv»tcr  part  of  the  alum  manufftotnn^d  I9  pn^ducod  by  prwiiutatinp  sidphnte 
with  a  solution  of  alkali  huXu.  It  in  not  always  nwes^uiry  the  sehbt  should 
oonoentmte  thr*  sidphiite  of  illuming,  a  lengthy  wcutlu-ruiu' Iwiug"  Kulfident. 
,0liLy  be  explaiiu^d  as  followa  : — By  the  weathennff  the  biBulpliidc  of  iron  ab- 
to  form  sulphate  of  iron,  which  separates  into  protoxide  of  iron  and  Pidphurio 
r  ftttiii^  upon  the  alumina  forminitf  an  equivalent  quantity  of  nulphate  of 
Or  by  roasting",  the  biHulphitle  ist  decomposed  to  monosulphide  and  aulphar, 
*ttJphur  of  the  alum-oHrth,  pvei*  riw  to  sulphnrou.'*  acid,  and  tliia  a{3tLng 
pr^nliiee*  Hulphite  of  ulmuinn  and  alw  tho  sulpkat<>.  Thp  nmstinj^  or 
c.vcv^  should  not  toko  phiuo  with  eartliH  that  have  been  nubjtL-cted  to  less 
A  weathering^,  as  there  is  found  to  b«  in  practioe  a  loss  ol  one-sixUi  of  the  sul- 
nn. 

2,  The  lixiviation  of  the  calcined  alum  earths  is  e0eoted  in  a  lixi nation 
hkrh  tlic  earth  in  placed.  These  tank**  ^tund  in  rows  of  five,  the  l>e«t  arranjre- 
to  build  thorn  on  a  slope  near  th*  ivilcmattou  heaps.  Each  vo-ij^el  haH  a  lf»nrrth 
'tre*.  is  5  m  tres  broad,  and  abuut  13  metres  in  lieicrht,  Thoy  are  three-parts 
,lhe  burnt  esiiih,  and  oomplctely  with  wat<?r ;  the  lixivium  flows  from  tho  highest 
I  lowest.  If  the  ley  is  not  of  116  Kp.  pr.  fresh  shale  in  added. 
fwf  tfce  i^y.  3.  The  ctincctitnition  of  the  raw  ley  by  e\-apoTation  is  necoroyiliahed  in 
In.  Tliesc,  however,  deteriorate,  crack,  are  easily  melted,  and  thoir  place  is  now 
mpplied  hy  eiaternM  of  masonry.  But  most  tobt^  pr»:^erred  is  Bleibtreu'si  methijd 
with  jraM,  introflueed  in  the  alum -works  on  the  bank.'*  of  the  Riune.  Thf  treat- 
le  raw  ley  while  beiujer  conceiitrat€xi  depeiidw  upon  it«  eondition  and  upon  the 
I  iron  it  e<»ntainji.  Ah  sulphate  of  iron  i»  commonly  preaeut  in  largt^  quantities 
Mey  or  licpior,  many  of  the  Gennan  aiiiin- works  are  also  litriol- works*  %\^en, 
lie  quantity  of  sulphate  of  iron  is  too  «inall  t«>  admit  of  beiuj^  advantag^eouftly 
f  the  preparatjon  uf  r^iJphate  of  in:)n,  the  liquor  is  at  once  evapt>rated  until  it  has 
Fp.  gr.  of  J  40.  During  the  ebullition  bawic  sulphate  of  iron  is  deimhitecJ,  tho 
mu.^  of  yellow-red  e<»lour.  a^numes  a  aomewhat  slimy  condition,  and  has  to  ha 
bcfoiv  xJuin  is  obtained  from  it.  This  clearing  is  effected  by  pouring  the 
w<fMidjR!i  water-ti;sfht  tanks ;  the  liquor  having  deposiited^  the  8us|>onded 
or  «f  phoned  off  from  tho  sediment,  and  traiufoTrod  t*^  the  preeipitation 

IS 
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Aium-FioaT.      4.  The  precipitation  of  flour  of  alum  is  effected  in  eufld  it  in 
make  pota^^h-ulam  by  the  addition  to  tlie  ^in^ctr  of  a  pota«h  salt,  of  of  ttn 
if  it  ia  desired  ^>  imikc  atamonia-alum.     Inc"  solution  of  the  alkaline  *alt  i* 
precipitjant ;  hy  the  combination  of  the  sulphtito  of  alum  Inn  cont/iiiied  isi 
the  prcci]nt4iut  alum  informed,  and  dopoait***!  as  a  solid  salt,  care*  beint 
the  formation  of  large  crjiitalft  by  keeping  the  liquid  stiiTwl.     By  ^^''- 
dei>j8it<?fi  as  a  orystaUiiie  powder  or  so-t^alled  flour  t»f  altiiii.  which 
oufd  wttt<?r  can  be  freed  fn>m  any  iidhering  iiiother-lic|uor.     'Die  pn  > 
effcctM  by  tlie  tiddition  of  woocl-a«li  ley  or  lant ;  at  the  preacnt  day  vlii 
nbtained  eitlier  from  kelp»  camallite,  or  beet-root  molimses,  andmJphat" 
from  the  decompoRition  of  kaiuite,  are  employed  for  this  purpose, 
in  uiM?ful  only  when  the  suhitioo  contains  lar|u:e  quantities  of  sulph  1 
concerted  into  chloride  of  iron  fonufi  milphate  of  potAAsa.     Potash  l....    ..._,  ....  . 

the  ley  contains  enou^-h  free  sidphuric  at-id  to  combine  with  the  salt,  for  oUilj 
portion  of  the  Hulpbate  of  alumina  would  become  precipitated  as  insoluble  Alomia 
ummouia  salt  maoe  use  of  i&  geuerallj  milpbato  of  anunonia;  xoo  parts  of  eulj 
alumina  require  for  predpitation^ — 

Chloride  of  potnsHium ,     , ,     43*5  parts 

Sulphate  of  |KJtassa      « .      . ,     . .      . ,     509    „ 

Sulplmte  of  ftuimonia 47*8     „ 

The  liquor  covering"  ibe  alum- flour  is  somewhat  of  a  Rxeeii  colour,  and  coKtAj 
alum*  but  chiefly  proto-porohloride  of  iron,  sulpliat^s  of  iron,  sulphate  of  ma^ 
ohJorijkle  of  magnes^ium,  dependent  upon  whether  the  prooipttation  waa  effected  by  » 
or  by  fhlortdesi.  This  Hquor  is  uwct  for  makin|p  impure  alum^  sulphate  of  irwD,  < 
ployed  ill  the  preparntion  of  sulphate  of  ammoma. 

wothin*  and  5*  The  floury  alum  is  generally  washed  in  the  hjdro-extnotoi 

Be-rrr^t^niiatt'in.  trifuj^-al  machine  and  the  liquor  obtained  again  used  for  nrptwirin 
The  washed  floury  alum  i**  (6)  eonverte<l  into  larpo  crystals  by  re-cry8t«n 
at  the  same  time  beirijr  purifletL  For  this  purpose  the  alum  flour  18  dhwol 
of  it«  weijurht  of  Ikoiiing  watcr»  the  operation  bein/er  carried  on  in  woodei 
Tlie  hot  solution  U  run  into  crystuUiaing  ve*titeiH,  where  the  orystAlli 
according  to  the  temperature  of  the  air  in  eiu-ht  to  t^n  d;iya.     From  thi»    ^ 
any  mtrduT- liquor  remfline,  the  yesael  being  tdmoet  entirely  filled  with  alum  ciysl 

^"^Simlnaj^^'*^  5^^  Oroiip.—ThB  manufacture  of  alum  aud  of  sulplmte  of 
from  such  materials  as  contain  only  alumina,  to  which  consequently  salpbi 
and  alkaline  salts  have  to  be  addt?d,  has  come  largely  into  practice  in  EngLii 
mutoriuls  employed  arc: — a.  Clay;  jS.  Cryolite  ;  y.  Bauxito;  d.  Blast*fumi 

a.  Prrpat'ftfion  of  Aitsm  from  Ctftt/. — The  clay  to  bo  employed  for  tl(  i 
be  as  fri'e  as  po88iblo  from  carl wna tea  of  lime  and  iron.     It  i«  first 
eontuct  with  air,  pnrtly  with  the  view  of  dehydratation,  partly  for  the  pur] 
fmy  iron  into  oxide^  and  lastly  to  render  the  clay  more  readdy  8t:»UihK    1  1    ^ 
dehyadnit^tion   the   tlay  be^ix^raes   porous   and   fit    t43  take  up  sulphviri  i 

larity.  The  gently  ij^iited  and  powdered  clay  is  gradually  put  into  sulph 
(z=i  1*52  Hp.  gr.)  contained  in  a  leaden  pan,  and  heated  nearly  to  the  U 
ma^  etfervesces  and  hocomes  thick|  and  is  next  trans^f erred  to  iron  tuuk^ 
fiolidifies.  It  is  afterwardas  lixiviated  with  water,  or  better,  with  the  liquor  obti^ 
washing  the  alum-flttur.  The  lixivium  ha>ing  become  ekar  by  standing  is  i«)-phi 
from  the  sediment,  and  boiled  with  a  Kuffleiont  quantity  of  bisulphate  of  (id 
sulphate  of  ammonia  from  gas-liquor.  The  hot  eohition  Isi  tniusfcrrvd  in  u 
leaden  pan,  and  kept  stirred  for  the  purpoBO  of  converting  the  alum  on  Holitlifti 
flour  Tl»e  flour  is  w  jished,  dried,  nnd  is  then  convert4>d  into  large  oryfUdij  as  \ 
above.  The  priwiact  known  in  the  trade  a«  alum-cake  is  the  result  of  the 
milphuric  ii^id  upon  clay ;  it  is  met  with  in  a  pulveri»ed  state,  is  usted  mOre  eaj 
in  the  manufacture  of  inferior  Idnda  of  paper,  and  contains  from  13  to  1 7  pet 
alumina. 

^'^KTmci^oln*'"*  P*  Since  the  year  1S57  alum  and  sulphate  ot  alumina  iwn 
prepared  ah>ng  with  soda,  from  the  mineral  known  as  cryolito  or  Greenlatt 
AlaFl64-6Nai*l,  and  consisting  in  100  ports  of — 

Pluorine      ,  .     ♦  •      •  •     54*5 

Aluminium .►     lyo 

Sodium ..    3a*5 
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bUowing  aro  the  metliodfl  employcKl  for  this  purpose : — 
Ihenmpo4itiott  of  Cty&lite  htf  Iffnitmn  with  Carhnunt^  of  Lim^f  ac^m-dinfj  to  Thom»etv» 
I  molecule  of  <;ryolit4j  \»  i|^t<?d  witb  6  molwules  of  carbonate;  of  lime,  carbonic 
bppjS  and  soluble  aliaiiiiijate  of  snnia,  ami  insoluble  fluoride  of  calcium  arc*  formed 
jK&aFl)4-6Carv>,=A10,,3Na^O-f-6CaFlH-6CO.,.  From  the  ignit*d  masd  the 
nate  of  sixbi  is  obtainea  by  liiirifttion  with  water,  and  mto  the  w>hiti<:in  carbonic 
L  ^^  is  pi'i-'i-*ed.  Tine  rcHidt  is  the  precipitation  of  hydrafced  gelatinoiw  alumina 
late  of  Aoda,  which  remains  in  aulutioa.  If  it  be  deaired  to  obtain  the  alumina 
t»y  compact  prfcipitutts  hicarlionate  of  eoda  is  used  ad  a  precipitant  instead  of 
^d.  Whilfl  the  clear  liquor  La  boiled  down  for  the  purpose  of  obtaining  car- 
{ 9odji,  the  precipitated  alumina  h  dissolved  in  dilute  sidphuric  acid  ;  thia  solution 
^  *ted  fur  the  purpose  of  obtaininj?^  sulphate  of  alumina  (so-calleil  concentrat*tl 
ln\  or  the  ftolution  after  having  t»een  treated  with  a  potassa  or  ammonia  Bait  is  converted 
vtluni.  lOo  lb*!,  of  cry»ilite  jield  3j  lbs.  of  alumina,  which  require  90  lb«-  of  wulpburic 
I  to  Ti»*ld  a  neutral  solution ;  loo  lbs.  of  cryolito  will  therefore  yield  305  ll>s»  of  alum, 
1  DUij'  give  in  addition  : — 

Calcined  aodii     . .     . » 75-0  Iba.,  or 

CiTstiiUiaed  o&rbon&te  of  iodA       ..     *«  203*0    ^^    ^^ 

Caustio  soda      44-0    „    or 

BioarhoxiAte  of  soda 'J9'S    ** 

mtinn  0/  Crf/oliU  with  Cftn^tie  Littte  by  tht  JFrt  Way  {Smttrweini  Jtf>/^rf/'.— 
f  thutly  ^mund  cryolite  i»  boiled  with  water  and  lime,  the  piuH?rthe  better^  and  as  fncm 
I  mm  an  pofwible,  in  a  leaden  pan.  The  roault  is  the  formation  of  a  solution  of  olumi- 
B  af  floda  and  insoluble  fluoride  of  calcium, 

( Al.^n,6XaFl)  +  6CaO— A1,0  ,,3^'a  =0  +  6Cttll . 
Tin,  tV,i.  fliTot^ijg  of  calcium  ha>i  been  depo«ited»  the  ck'ar  iiqulu  ij  decant^Ml,  and  the 
ipd,  the  first  wash- water  being'  added  to  the  decanted  liquor,  aud  the  second 
^li-wftteni  beinju:  umxI  instead  of  pure  water  at  a  8ub§equent  operation-     In 
r&te  the  alumina  from  the  ^lotion  of  liliiiiiinate  of  soda^  there  i»  addi»d  to  the 
>  \3^g  continuoualy  stirretl,  \^ry  finely  pulverised  crj'olit*  in  exce«H,  the  reault 
bpOdition  being  cxhihit^id  bv  the  foUowinp^  formiUa  : — 

(AJ^0j,3Nft,0)  -f  (:tl  Fl,,6NaFIj  :=: 2 A  1,0,  + 1  iNaFl. 

i  ao  nMvre  cnuatic  soda  can  be  dettMtM  in  the  liquid — a  small  quantity  of  whleh 

» ifter  ftltr^tioiif  yield,  upon  the  adflitioii  of  a  solution  of  sal-ammoniac  and  applica- 

^WWtw  a  pretipitate  of  alumina — it  m  left  t(j  »tjnd  for  the  purpose  of  becoming  clear, 

"  «rSatiou  of  fluoride  of  sodiiua  is  then  dntwn  off*  and  the  alumina  treated  a<j 

nbcd.     The  solution  of  fluoride  of  so<lium  having  been  boiled  with  caustic  lime 

'ition  which,  hannjf  been  di>rantt4  from  the  sediment  of  fluoride 

to  dryness.     Ei'cently  the  fluoride  of  caldum  obtained  as  a  by- 

-adnstry  is  used  in  ^rlass-nrnking-. 

ppotition  of  cryolite  by  sidphuric  acid  yiehls  sulphfite  of  isoda^  conTertiblo 

\  DY  Ijebhino'H  process,  and  Hiilphate  of  ahmiinn  free  from  iron.     238  part*  of 

1*  f«ir  decomposition  240  part*  of  anhydrous  or  32  r  parts  of  ordinary  milphurio 

I  rtwd ting' compounds  are  sulphate  of  alumina,  sulphate  of  soda,  and  hydrofluoric 

AlFl,6NanJ      ^n(^v^^^i?P^ 

I  method  of  deoomposinjar  cryolite  ia,  however,  by  no  meana  to  be  recommended,  aa 
f  tii  the  liberation  of  hydrofluoric  acid,  peculiarly  constructed  apparatus  are  required ; 
ath«  wilphatc  of  soda  has  to  b©  c«jn verted  into  cHrlKumte  of  soda.  Persons  nuggfests  that 
ihoaJd  be  troateii  in  platuium  ve«»ck  with  three  times  its  weight  of  stronsr  sulphu- 
tit>  lie  recovered  v^^th  the  hydroflnorifi  acid  by  distillation*  The  soli<l  residue 
I  tirated  with  cold  water  in  order  to  dissolve  the  Inritircr  part  of  the  bisulphate  of 
ninecl  in  the  siiline  mas8,  from  which  the  auhyilrous^  sulphate  of  alumina  va  ex- 

rith  tuiilinjtr  water,  and  converted  by  the  addition  of  sulphate  of  potasiui  or  anLmonia 

kttem  free  from  iron,     Tlie  wtlution  of  bisulphate  of  eoda  having  been  evaporated  to 
,  t£  employed  for  the  preparation  of  fuming  ttulphurio  acid,  Glauber**  salt  remaiii- 

gSj*"    y.  In  somo  parts  of  Southern  Franeo,  in  Calabria,  noar  Bolfast,  Ire- 
Urid  other  parts  of  Europe,  a  mineral  occurs,  consisting  cssonti  ally  (60  per  cent,) 
ated  alumina  of  greater  or  leas  pmity,  termed  bauxite,  from  the  fact  of 
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having  boon  first  found  in  tho  commune  of  Baux,  in  Franoe.  In  otder  to 
alum  and  sulphate  of  alumina  from  this  mineral  it  is  first  disintegrated  I 
ignited  with  carbonate  of  soda,  or  with  a  mixture  of  sulphate  of  soda  and  cl 
in  each  instance  the  lixiviation  of  the  ignited  mass  yields  alumiuato  of  80( 
which,  by  processes  already  described  under  Cryolite,  alum,  or  sulphate  of  a 
and  soda  are  prepared. 

fr£rEi^FL?.w8Sff.  *•  J-  Lurmann  recommends  that  the  slag  be  docom] 
means  of  hydrochloric  acid.  From  the  resulting  solution  of  chloride  of  aln 
the  alumina  is  precipitated  by  carbonate  of  lime,  any  dissolved  silica  bem 
pitated  at  the  same  time.  The  alumina  is  dissolved  in  sulphuric  acid,  lea^ 
silica.  loo  kilos,  of  slag  containing  25  per  cent,  of  alumina  yield  180  kilos. 
and  31  kilos,  of  silica. 

Ainm  from  Ptei»por.  ^th  Gvovp, — ^Tho  manufacture  of  alum  from  minerals,  (for  i 
felspar)  containing  alumina  and  potassa,  is  not  of  any  industrial  importai 
therefore  refer  the  reader  to  what  has  been  said  (see  page  122)  on  tho  Prepar 
Potassa  Salts  from  Felspar. 

PrapcrtiMof  Alum.  Potash-alum,  ^  1 4SO4+  24HiO,  or  K2SO4+ Ala(S04)3  -f 
consists  in  100  parts  of: — 

Potassa       .  •    •  •      • 9*95 

Alumina 10*83 

Sulphuric  add 337i 

Water         45-51 

lOO'OO 

crystallises  readily  in  regular  octhahedra,  loses  at  60*  18  mols,  of  water,  a 
at  92*  in  its  water  of  crystaHisation,  yielding  a  colourless  fluid  which  retiiins 
of  aggregation  for  some  time  after  cooling  before  solidifying  into  a  crystalUj 
At  a  temperature  a  little  below  red  heat  alum  loses  all  its  water,  becoming  c( 
into  burnt-alum,  cUumen  uatuniy  a  white,  porous,  readily  friable  mass.  Whei 
with  carbonaceous  matter,  air  being  excluded,  potash-alum  forms  a  py; 
compound : — 

100  parts  of  water  at    0°  dissolve    3*9  parts  of  potash-alimi. 
M  n  2&>      „         15-8  „  „ 

..  »»  40°      »,        31*2  „ 

»,  »        100°      „      360-0  „  „ 

The  solution  of  alum  in  water  (the  salt  is  insoluble  in  alcohol)  has  an  astrinjr*? 
taste,  and  possesses  an  acid  reaction  so  strong  that  when  alum  is  heated  with  com 
hvdrochloric  acid  is  evolved ;  while  a  concentrated  solution  of  alum  destroys  the  bli 
of  many — not  of  all — artificial  ultramarines. 

Ammonu-Aium.  This  salt,  nj^-^l'  }  4SO4  +  2411,0,  or  (NH4),S04  -J- Al^ (80^)3  - 
consists  in  100  parts  of : — 

Ammonia        .. 3-89 

Alumina IJ'90 

Sulphuric  add       35*  10 

Water      4811 

100*00 
Ammonia-alum  is  now  far  more  extensively  manufactured  than  potash-alum, 
amimonia-alum  is  strongly  heated,  sulphate  of  ammonia,  water,  and  sulnhuric 
driven  off,  and  alumina  remains.  ^ 
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100  puts  of  water  at  0°  diauolre    5^23  paiiA  of  ammonia-aliim, 

„  »»         40^      I,        27*^7  "  «  ' 

..       loo**      „      421-90  „  „ 

hp.      The  foimtilA  of  tliis  salt  is^ 

B    i^}4JS04+a4naO,  orNaaS04+Al,(SO^}3  +  34HaO 

linig  in  100  parts : — 

Soda 6-8 

I                           Alwmina ..      .,  ivz 

W^^^m             Sulphuric  acid 34*9 

^^^B            Water 471 

R^^SSlj  prepared  from  Bulpliatc  of  alumina  and  milpliiite  of  <K>da  aa  tbc*  aluma 
y  meotioued^  Lut  ita  solubility  prevcnti*  tbo  sepuration  from  the  iiiutbGr-liquur, 
iU  Aoliitiou  whfn  boiled  k>t>c!*  the  propTtj  of  ciystiillifling-.  Aa  irua  cjtuiaot  be 
edfmm  thm  ftalt  by  rO'cr^'HtalUHution,  the  m^iteriiila  it  \&  obtained  from  should  be  freo 
Ibtt  metal.  The  aolutious  ahotild  be  mixed  cold,  tind  gently  emporated  at  a 
tatnrd  cot  ©xceediii|f  60'', 

Itnl  or  cubical  alum  (K^SO^  4*  Al^O^aSO,)  is  obtained  either  hy  adding  to  an  ahua 
kaio  much  crubonate  of  potaiiaa  or  mAik  as  will  beifin  to  nc^ptirate  \\\q  iJuminu,  or  u 
m  of  Ilium  m  treated  with  g^ttnouii  alumina.  By  boilijig  1 2  parts  of  ultim  and  \  p^irt 
Bsd  Umo  in  water,  the  Bamo  salt  is  obtaiii<xl.  This  neutral  wilt  i.^^  '>ftf  n  jjrof erred 
log  and  ciibco  printing,  aa  it  does  not  aflect  eertmn  itolours.  ^V^ben  aimnotiin-'jdum 
Darlf  treated,  it  also  yields  a  neutral  alum.  Blesser  {n)  and  Scbmidt  {fij  found  the 
ting  to  be  tho  compoflitioii  of  cubical  alum  in  too  porta : — 

A.  b, 

Stilphuric  acid      ..  3452  33'9S 

AlmninA.,     .♦     11 '86  11.48 

PotivHiui  .     «.      ..      .,      ..      ..  9'44  9*04 

Water .,     ..  4527  45*61 

loi'oa  100-08 

A]   \ 
^  or  basic  aliun,    ^^  [  2SO4,  is  obt^iinod  by  boiling  a  solution  of  alum  with 

I  alumina;   it  la  a  whitei  inM)luble  powder,  and   aa   regards  ita   oompofiitioi& 
utie.     Basic  alum  is  sulnble  in  acetic  aeid, 

The    nriiTe    principle  of   alum  is  evideotly  tho  sulphate  of 

sa  and  ammonia,  tlic  objwt  of  the  prepamtiou  of 

It'^tdng  of  a  d<!jfiiiit^  compound,  which,  while  it 

I  be  obtained  in  a  pure  state,  t*8jK*ciaUy  free  from  iron,  a  very 

p*.  .1..,,.  .....J  ^^  dyoing"  and  calico -printing*      However,  at  the 

U  of  manufiiA.'turo,  sulphate  of  alumina  is  largely 

'  1  t.in  S4)ld  uudt'r  thti  name  of  concentrated 

i  f^fl.  It  is  white,  somewhat  transparent, 

'le  in  water,  contains  always  free 

trjd  !?od)t-alum. 

. .   \      ^   '  ^^fl^  iUOt  and  contains  in 

^^^     15;  total,  100.    That 

ally  may  Iw  inferred 

^j   7  ^^^put  »aniplea  of  thid 

55*0        340 
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According  to  the  formula,  the  quantity  of  sulphuric  acid  in  these  samples 
have  boon— 

I.  2.  3.  4. 

358  29-2  43*3  30-5 

The  quantity  of  water  even  varies  between  56  and  48  per  cent,  for  d 
parts  of  the  same  cake.  Weygand  found  a  sample  of  this  salt  prepared  at  Sch 
to  contain —alumina,  15*57;  sulphuric  acid,  38*13;  oxide  of  iron,  1*15;  j 
0*62;  water,  45*79  parts.  The  sulphate  of  alumina  prepared  from  cry< 
Harburg  contains  about  5  per  cent,  of  sulphate  of  soda.  The  results  obta 
the  analyses  by  H.  Fleck  of  various  samples  of  sulphate  of  alumina  are  :^ 
Sulphate  of  alimiina     ..     ..     47*35  50-80  51*63 

Sulphate  of  soda 4*35  i*^  077 

Free  sulphuric  acid       . .      . .       073  0*27  — 

Water      47-37  47-47  46*94 

99-80  9978  99-34 

Sulphate  of  alumina  is  prepared  either  from  clav,  cryolite,  or  bauxite  by 
already  described.  When  clay  is  employed,  the  iron  Las  to  be  removed  feom  *tl 
solution  of  the  sulphate  of  alumina  by  precipitation  as  Berlin  blue  by  means  < 
cyanide  of  potassium.  When  cryolite  is  used,  the  alumina,  separated  from  the 
of  aluminate  of  soda  by  carbonic  acid,  or  powdered  cryolite,  is  put  into  sulpliu 
contained  in  a  wooden  lead-lined  tank,  and  heated  to  80^  to  90°,  the  addition  of  the 
to  the  acid  being  continued  until  solution  ceases  to  take  place.  The  solution  hav 
clarified  by  standing  for  some  time  is  next  evaporated  in  a  copper  vessel  until 
fuses ;  it  is  then  cast  into  moulds.  With  due  care  sulphate  of  alumina  may  be 
dyeinfi^  and  calico-printing,  but  it  cannot  be  altogether  substituted  for  alum,  owii 
variable  composition. 

AiuminitcofStKiE.  Aluminato  of  soda  is  now  prepared  on  the  large  scale,  a 
been  found  to  be  a  useful  form  of  soluble  alumina,  esx)ecially  in  dyeing  aii< 
printing.  The  preparation  of  this  compound  is  based  upon  the  solubilit; 
drate  of  alumina  in  caustic  potassa  or  soda-ley,  and  the  ready  decompo: 
the  solution  by  carbonic  and  acetic  acids,  bicarbonate  and  acetate  of  s( 
ammoniac,  &c. 

Aluminato  of  soda  was  first  brought  under  the  notice  of  dyers  by  Macq 
Ilaussmann  in  1819,  but  owing  to  the  preparation  being  too  expensive  it  did  1 
into  industrial  application  until  comparatively  recently.  We  have  already  d 
the  mode  of  manufacturing  aluminate  of  soda  from  cryolite ;  but  in  Gorma 
chief  seat  of  cryolite  industrj-— this  salt  is  not  made  on  the  large  scale ;  in 
it  is  manufactured  by  Merle  and  Co.,  at  Alais,  and  in  England  at  the  W^at 
Chemical  Works.  In  France  bauAite,  containing  60  to  75  per  cent,  of  alum 
from  12  to  20  per  cent,  of  oxide  of  iron,  is  the  raw  material,  and  is  trea 
caustic  or  carbonate  of  soda.  If  caustic  soda  is  used  the  pulverised  m 
boUed  with  a  solution  of  the  alkali ;  while  if  the  carbonate  is  employed  the 
is  ignited  in  a  reverberatory  furnace.  In  either  case  aluminato  of  soda  is  p 
dissolved — in  the  case  of  ignition  the  semi-fused  mass  is  lixiviated  with  wu 
evaporated  to  drj'ness.  The  salt  met  with  in  commerce  is  a  white  powdt 
green-yellow  hue,  dry  to  the  touch,  and  consisting  of — 

Alumina        48 

Soda       44 

Chloride  of  sodium  and  Glauber's  salt     . .       8 

zoo 
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Tlie  formula,  ^^  *  |  Oe  would  require : — 

Alumina     ..     ..     5279 
Soda 47'2i 


Alomiiiate  of  soda  is  equally  soluUe  in  cold  and  hot  water.  Exposed  to  air  it  absorbs 
Boulare  and  carbonic  acid,  and  consequently  on  being  dissolved  in  wat^r  the  salt  so 
changed  yields  a  turbid  solution,  owing  to  aliunina  being  suspended.  The  aqueous  solution 
of  thu  salt  is  not  stronger  than  10'*  to  12'^  B.,  =  1*07  to  1-09  sp.  gr.  According  to  Le 
Cliatellier,  Deville,  and  Jacquemart,  sulphate  of  alumina  is  the  starting-point  of  the 
prvparntion  of  the  aluminate  of  soda  by  precipitating  from  the  sulphate  the  alumina, 
•ad  re-diBsolrin^  the  latter  in  caustic  soda  ley.  Aluminate  of  soda  is  used  in  dyeing 
and  calioo-printmg ;  further,  for  the  preparation  of  lake  colours,  induration  of  stone, 
and  the  manufacture  of  artificial  stone,  and  for  the  saponification  of  fats  in  stearine 
candle  manufacture,  an  alumina  soap  being  first  formed,  which  is  decomposed  by 
icetic  acid  into  acetate  of  alumina  and  free  fatty  acid.  Aluminate  of  soda  is  largely 
nsfd  in  the  preparation  of  an  opaque,  milky-looking  glass,  or  semi-porcelain.  Aluminate  of 
wda  is  a  by-product  of  Bulard's  method  of  soda  manufacture  from  bauxite,  Glauber's 
"It,  and  coal ;  this  by-product,  or  rather  product  of  the  second  stacfo  of  the  process,  is 
dKonposed  by  carbonic  acid  into  carbonate  of  soda  and  alumina,  which  is  thronTi  down. 
ThePemuylrania  Salt  Manufacturing  Company  at  Natrona,  near  Pittaburg,  manufacture 
lai]ge  quantities  of  aluminate  of  soda,  which  is  used  in  soap-boiling  under  the  name  of 
■•'fwwi  Tfjintd  aaponifer, 

rMflfjumDandof  O'^'ing  to  the  great  affinity  of  the  alumina  contained  in  alum  for 
WvkiteorAiuBiiia.  textile  fibres,  especially  wool  and  cotten,  alum  is  largely  used  as  a 
■w*dant  in  dyeing,  except  when  the  tar  colours  are  employed.  Again,  owing  to  the 
•ffinity  of  alumina  for  many  pigments,  alum  is  employed  in  the  prepanition  of  the  lake 
^f^fm,  combinations  of  active  colouring  principles  with  alumina.  It  is  al«o  used  in  the 
■rftin^  of  tallow ;  for  hardening  gypsum ;  is  found  in  the  preparation  used  for  sizing 
hand-made  paper,  the  alum  in  this  cane  forming  with  the  glue  or  size  an  insoluble  com- 
ponnd.  Alum  with  resin  is  employed  for  the  same  purpose  in  machine-made  paper,  an 
almnina-pinate  being  formed.  It  is  very  largely  used  for  the  preparation  of  acetate  of 
•^unina,  and  with  common  salt  in  the  tawing  of  leather.  Alum  is  eniployefl  in  chu  ifying 
|ori)id  fluids,  more  especially  water ;  in  this  caw  tlic  alum  takes  up  the  Jiluinina  susponded 
ffl  the  water,  and  forming  an  insoluble  (banic)  alum  carries  down  organic  and  other 
J'wpended  impurities.  A  boiling  solution  of  alum,  common  salt,  and  nitrate  of  potassa 
"lued  by  jewoUers  for  the  purpose  of  colouring  gold,  tliat  is  to  say,  to  pnKiuoo  a  film  of 
P'^'Pgold  on  tho  alloy,  the  copper  of  which  is  dissolved  by  the  boiling  solution. 
^(*tueof  AiaaUia.  This  salt  is  prepared  by  double  decomposition  ;  generally  sulphate  of 
jjl^mma  and  acetate  of  lead  are  used,  and  occasionally  the  acetates  of  bar^'ta  and  lime. 
The  liquor,  separated  by  filtration  from  sulphate  of  lead,  is  gently  evai>oratod  to  dryness ; 
"**  dry  salt  ijj  gelatinous,  and  does  not  crystiiUise,  is  very  hygroscopic,  and  possesses  a 
■^fongly  astringent  taste,  ^\^len  a  solution  of  acetato  of  alumina  is  evaporatoii  in  con- 
^  with  air,  acetic  acid  is  driven  off,  and  a  basic  acetato,  insoluble  in  water,  formed, 
^^'^unercially  pure  acetate  of  alumina  is  rarely  used,  as  the  so-called  red-liquor,  mordant 
|^^  consists  of  a  mixture  of  alum,  acetato  of  potassa,  and  sulphate  of  potassa.  "VVlien 
^w  desdred  to  preimre  neutral  acetate  of  alumina  from  ahim,  to  100  part«  of  acetate  of 
^i  62*6  parts  of  alum  are  required  for  complete  mutual  decomposition ;  but  it  is  more 
■^^antageous  to  convert  a  solution  of  alum  into  insoluble  alumina  by  means  of 
^•'Wate  of  soda,  and  to  treat  with  acetic  acid.  Acetate  of  alumina  is  not  an  ordinary 
Y^^  of  oommeroe,  as  the  salt  is  usually  prepared  by  the  consumers.  P'>?*id(:8  being 
**fgely  used  in  dyeing  and  calico-printing,  acetate  of  alumina  is  employed  for  water- 
P^y^^fingr  woollen  fabrics.  Among  the  salts  of  alumina  omployeii  industrially  are — hypo- 
*y*phite  of  alumina,  suggested  by  E.  Kopp  as  a  monlant  for  cotton ;  liyptxih^orite  of 
•jumiiui,  known  as  Wihwn's  bleaching-liquor,  and  used  in  bleaching- works ;  sulphite  of 
J[j'''una,  for  the  purpose  of  purifying  beet-root  juice  ;  oxalate  of  alumina,  suggested  by 
•l^t  and  Brown  for  the  preservation  of  stone,  marble,  dolomite,  &c. 
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i7T!i«M»ri»p.  Under  this  name  ie  now  understood  an  artificial  "blue  pig 
formerlr  and  still  obtained  in  smnll  quantities  fmm  the  /fr/rtj!  lazuli.  The  quiiutity' 
of  artiiiciiil  ultramarine  manufactured  in  Europe  amounts  to  iSo,ooo  cwts.  umiUttUj* 
Lnpi4  lazuH  ia  b  scarce  mineral,  pose^^ssing  a  beautiful  blue  colour.  The  «ip.  gr. 
Tariee  from  275  to  2"()5.  The  coarst^r  pieces  of  this  mineral  are  pulTerised,  ho 
to  retlne»8,  and.  inuu^diatcly  dipped  into  water,  then  very  finely  ground,  ami  1 

jfiu**-  tntrMjnartn*,  powdtT  treated  witli  dilute  acetic  acid  to  eUminato  carbonat^T 
lime.  The  powder  is  next  wt.ill  incorponit*;<d  with  a  mixture  of  equal  parts  of  \ 
wax,  linsfjwi-oil,  and  liui^i^undy-pitch  ;  tlu»  paste  is  kneaded  under  water  until  no 
more  blue  pigra^ent  remains  suspend wL  The  quantity  of  ultramarine  obti 
nmounts  to  2  to  5  per  cent.  Tlii^  natural  ultramarine  is  kighJy  prized  for  its  ext 
beauty,  softneHfS  of  col*)ur,  and  durability,  not  Iwing  affected  by  light,  oil,  and  ] 
Chemical  analysis  of  the  lapis  lazuH  first  gave  the  clue  to  the  true  compoeitioa  of 
this  matimal,  and  bxl,  aftor  many  unsuccessful  att^?nqitSf  to  the  pix^paration  of  artificifti 
ultramarine,  not,  howeyer,  by  any  means  equal  to  the  native  pigment,  although  it 
has  driven  smalt  and  other  blue  pigments  neaily  out  of  the  markot.  L<tpi«  laxuli 
consists  in  100  part^  of — silica,  45*40  ;  alumina,  31*67  ;  soda,  9*09;  sulphuric  i 
5*89;  sulphur,  0-95 ;  lime,  3*52  ;  iron,  o-S6  ;  chlonne,  0*42;  and  water,  o'i2. 

Aiiincki  intF«nMn«.     Giuolin  first  made  artificial  ultramarine  on  a  very  small  1 
1822;  but  not  before  1828  was  ultramaiine  industrially  obtained  by  Ouiinet»] 
Lyons.     In  Germany  the  first  manufiictories  of  ultramarine  wore  establishGd«| 
Wermelskircben,  in  1836,  by  Dr.  Levt^rkuss,  and  at  Nuremberg,  in  '1838,  by  J 
Zeltner  antl  Leykanf :  the  manufacture  of  artificial  ultramarine  in  England  I*  \ 
very  recent  date,  and  is  still  on  a  very  limited  scale.     France  and  Gennany  aro  t 
countries  where  this  industry  is  most  developed.     Of  late  years  the  prooew  \ 
manufacture  has  been  improved  by  R,  Hoffmann,  the  manager  of  a  fuct^iiy  1 
Marionberg,  in  II<3S8en ;  Wdkins^  at  Koiserslautem  ;  Fiii-stenau,  at  Coburgj  1 
Oentele,  at  Stockholm. 

umw  Maifriii*      TlicHc  are---t.  Silicate  of  alumina  aj8  free  aa  posidble  from 
gcjod  china  day,  the  kaolin  of  Cornwall  being  estoemod  the  best ;  2.  dlcimd  i 
phate  of  soda ;  3.  Calined  soda  ;  4,  8ulpburet  of  sodinm/aa  a  by-product  fd  1 
manufacture;  5.  Sulphur;  6.  PulTerisod  oharcwil,  or  pit-coal. 

Pon^elain,  or  china-clay,  is  generally  used,  or  a  white  clay,  the  compostioii  ^ 
which  is  nearly  the  same,     Small  quantities  of  lime  and  magnesia  have  no  injnrio 
effect ,  but  the  oxide  of  iron  should  not  exceed  i  per  cent.     The  composition  of  1 
clay  should  approach  as  nearly  as  poasibl©  to  the  formula  SiaO^Al,;  the  silirai 
bo  combined  or  partly  free*   The  clay  is  washed  with  water  and  treated  in  thi*  suitf 
manner  as  for  the  making  of  porcelain ;  it  is  next  tlried,  ignited,  and  ground  ID*^ 
very  fine  powder.     The  sulphate  of  soda  should  not  contain  any  free  acid,  Icnil*  1 
iron.    If  the  sulphate  does  not  possess  the  requisite  qnabties  it  is  dissolted  I 
water,  milk  of  lime  being  adfJod  to  neutndisc  th*^  acid  and  to  precipitate  oxide  (I 
irom    The  clear  solution  is  left  to  crystallise;  and  the  crv'stals  are  ignited  in  I 
reverberatory  furnace  and  then  pulverised  by  niillwork.    The  clear  solution  if  t 
80me  cases  evaporated  to  dryness  and  ignited  in  iron  vessels.     Barium,  but  a 
pcitassium salts,  formultramarine(8ee'*ChemicalNeW9,"  vol.xxiii.,pp,  119, 142,3 
The  calcined  soda  id  obtained  from  the  alkali  works ^  and  should  ooutain  at  leg^  ^| 
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ttnt  of  carbonate  of  soda ;  it  is  also  finely  pulverised.    Very  recently  caustic  soda 
Ikia  been  substituted  in  some  ultramarine  works.    Sulphuret  of  sodium  (Na2S)  is 
UBoally  a  by-product  of  the  process  of  making  ultramarine,  and  is  obtained  either 
ill  solution  or  as  a  dry  powder.    The  sulphur  is  used  very  finely  pulverised.     The 
ctrbooaceous  matter  employed  is  also  in  a  very  fine  powder.  Its  use  was  introduced 
by  Laykauf  for  Hko  purpose  of  deoxidation.    In  order  to  have  the  carbon  in  as 
finely  divided  state  as  possible  it  is  ground  to  a  pulp  with  water  under  granite  stones ; 
tbe  pulp  is  lixiviated,  and  the  fine  powder  obtained  dried  and  passed  through  a  sieve: 
in  aomo  cases  resin  and  pitch  is  employed.  For  those  ultramarines  not  to  have  their 
I     colour  discharged  by  alum,  pure  silica,  either  as  fine  glass,  sand,  or  pulverised 
qotits  is  used.     Several  substances  are  used  to  reduce  the  depth  of  colour  of 
I     ultamarine,  viz. — gypsum,  sulphate  of  baryta,  baryta- white,  and  flour ;  the  last  is 
«npbyed  in  making  up  washing-blue. 

ibmhttmot  uicruaarine.      Tho  mcthods  of  ultramarine  preparation  may  be  classified, 
•oooiding  to  the  crude  materials  employed,  as  the  three  following : — 

a.  Preparation  of  Sulphate,  or  Glauber^s  salt  ultramarine. 
/B.  ,         ,,      Soda-ultramarine. 

y.  ,,         „      Silica-ultramarine. 

I      0.  Preparation  of  Sulphate-  Ultramarine. — This  ultramarine  is  prepared  according 
I    to  the  Nuremberg  process  from  kaolin,  sulphate  of  soda,  and  charcoal;  tho  pre- 
pttation  consisting  in  two  distinct  stages,  viz. : — 

a,  l^paration  of  .green  ultramarine. 
6.  Conversion  of  green  into  blue  ultramarine. 
c  Frrparation  nf  Green  UUratuarine. — In  order  to  obtain  a  most  intimate  mixture  of 
the  dry  and  finely  pulverised  muterialH,  nnall  quantities  are  weighed  off,  mixed  in  wooden 
twojfhB  by  means  of  shovels,  and  sevenil  times  passed  throu^  sieves.  If  solutions  of 
^^ber's  salt,  sodu,  and  suli)hide  of  sodium  are  used  instead  of  powders,  tho  kaolin  is 
■ttxed  with  t\ny^  solutions,  and  the  whole  evaporated  to  drj-ness,  peutly  igiiited  in  a 
*tTerbenitory  furnace,  ahd  then  pulverised  and  sift4.»d.  Tlie  quantities  of  the  crude 
materials  vary,  but  the  following  e^inditions  have  to  be  (jomplied  with  : — i.  Soda,  whether 
*lphiite  or  caustic,  must  V>e  present  in  such  quantity  that  it  can  saturate  half  of  the  silica 
<rf  the  clay  (kaolin).  2.  There  must  be  sufficient  sciia  remaining  to  fonn  with  the  sulphur 
•  entain  quantity  of  polysuli)huret  of  sodium.  3.  There  oujfht  to  remain  enou^^h  sulphur 
•»d sodium  to  form  another  sodium  sulphuret  (Na^^S),  after  dctlucting  from  the  whole 
"^^ixtiiro  as  much  ^freen  ultnimarine  as,  ac^<»rdin^  to  its  composition  as  proved  by  recent 
•^ydfl,  the  siliwi  and  alumina  present  are  cajMible  of  forming.  The  following  figures  will 
give  an  idea  of  the  proportions : — 

I.  II. 

/    Kaolin  (dried)      100  100 

Calcined  Glauber  8  salt      ..     83 — 100  41 

Calcined  soda       —  41 

Carbon  (char-  or  pit-coal) . .  17  17 

Sidphur        —  13 

For  100  parts  of  calcined  soda  80  parts  of  calcined  Glauber  s  salt,  and  for  100  parts  of 
*he  latter  60  of  dry  sulphuret  of  sodium  are  taken. 

.  It  ifl  usiml  to  have  a  larj^e  quantity  of  this  mixture  prepare<l  for  use.  If  this  mixture  is 
*put€d  without  access  of  air,  a  white  mass  is  obtjiined,  which,  havinjr  bf^en  tr<?at<Kl  vdih 
^ter,  is  a  li^ht.  somewhat  flo(culent,  white  substance,  to  wliicli  Kittf-r  has  ^^iven  the 
'^nie  of  wliite  ultramarine.  It  becomes  green  by  exposun;  to  air,  and  blue  bv  In'ing'  cal- 
r^  in  contact  M-ith  air.  Tho  mixture  is  well  rammed  into  fire-clay  (»rucibles,  placed 
^'J  (urnaccs  similar  in  construction  to  those  usc-d  for  buniing"  ponrelain,  being  raised  and 
'^'Aintaiiied  at  a  hiprh  temperature  'with  a  very  limitecf  8uj)ply  of  air.  This  oper;iti(m  lasts 
•even  to  ten  hours,  and  is  completed  at  a  bright  white  heat.  Tlio  furnace  is  closed  and 
^^\y  cooled ;  on  remo>'ing  tho  crucibles,  the  contents  appear  as  a  semi-fused  grey-  or 
^ow-green  mass,  which  is  repeatedly  treated  with  water.  Tho  ultramarine  thus  obtained 
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is  in  porous  lumps,  which  are  pulverised  to  an  impalpable  powder ;  this  is  washa 
and  agfain  ground,  then  sifted,  and  finally  packed  in  baxes  or  casks,  and  sent  i 
market  as  green  ultramarine,  oonsLsting,  aoooording  to  Stdlzel's  analysis  (1855}, 
parts,  of — 

Alumina 30*11 

Iron 049  (peroxide  of  iron,  07) 

Calcium      0-45 

Sodium       1909  (soda,  2573) 

Silica 37-46 

Sulphuric  acid 076 

Sulphur      608 

Chlorine      0-37 

Magnesia,  potassa,  phosphoric  add     . .    traces 

94*8i 
Oxygen      519 

100*00 

Green  ultramarine  is  a  pigment  of  comparatively  inferior  value,  owing  to  its  beij 
brilliant  than  the  g^reen  copper  pigments. 

b.  Conversion  of  Grtm  into  Blu«  Ultramarine. — ^This  operation  may  be  variotidy  ei 
generally  by  roasting  the  green  ultramarine  and  sulphur  at  a  low  temperature  with 
of  air,  80  as  to  form  sulphurous  acid,  while  a  portion  of  the  sodium  is  oxidiM 
soluble  sulphate  and  afterwards  washed  out ;  but  the  sulphur  orijurinally  present 
green  ultramarine  remains  combined  with  a  smaller  quantity  of  sodium.  The  rr 
m&j  be  variously  carried  out,  but  very  frequently  the  apparatus  consists  of  a  fix4 
cvlmder  similar  to  a  g|as-retort,  provided  with  a  stirring  apparatus,  by  means  of 
tde  mixture  of  green  ultramarine  and  sulphur  (25  to  30  lbs.  of  the  former  to  i 
sulphur)  is  submitted  equally  to  the  source  of  heat.  The  addition  of  sulphur  is  re 
until  the  desired  blue  colour  is  produced ;  but  in  some  works  thi«  ciilcination  is  inter 
by  repeated  lixiviation,  the  object  being  to  produce  a  superior  article.  Muffle 
and  a  kind  of  reverberatory  oven  are  also  used  for  this  opcrution.  ITie  «uli)huroiw 
which  is  evolved  in  large  quantities,  is  now  generaUy  employtid  in  making  pul 
acid,  sometimes  a  co- product  of  ultramarine  manufacture,  and  used  for  the  prepa 
of  the  sulphate  of  soda  required.  The  ultramarine,  when  quite  blue,  is  pulveriaw 
viated,  dried,  and  finally  separated  into  various  qualities  known  in  the  trade  as  No. 
2,  3,  &c. 

^"^TuJi'^riie^"  /3«  ^^  manufactured  in  Franco,  Bolppium,  and  some  pa: 
Germany,  this  ultramarine  is  either  pure  soda-ultramariue  or  a  inixturo  of 
and  sulphate -ultramarine.    The  materials  and  proportions  are — 

I.         II.        ni. 

Elaolin      100  100  100 

Sulphate —  41  — 

Soda ..     100  41  90 

Carbon  (charcoal  or  pit -coal)        ..12  17  6 

Sulphur 60  13  100 

Eosin        —  —  6 

The  ignition  takes  place  either  in  crucibles,  or,  better,  in  a  rovorberatriry  fun 

ae  result  is  the  formation  of  a  brittle  and  porous  green  substance,  which  abj 

i)xygon  very  rapidly,  so  that  during  the  cooling  of  the  mass  in  the  oven,  the  gT> 

port  is  converted  into  blue  ultramarine.  The  complete  conversion,  after  the  ad«i 

of  sulphur,  is  obtained  by  heating  in  a  large  mufile  to  redness,  the  product  b 

distinguished  from  the  foregoing  by  a  greater  depth  and  beauty  of  colour. 

increasing,  within  certain  limits,  th,e  quantities  of  soda  and  sulphur,  the  forma 

blue  ultramarine  may  be  at  once  obtained,  the  product  containing  10  to  12 

if  Bulphur. 
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'^X'^'  Silica-ultraxnarine  is  really  soda-nlinunaiine  in  the  prepara- 
hich  silica  to  the  amount  of  5  to  zo  per  cent,  of  the  weight  of  the  kaolin  is 
tie  calcination  at  once  yields  blue  ultramarine,  and  farther  treatment  with 
9  therefore  unnecessary. 

tramarine  is  not  acted  upon  by  a  solution  of  alum,  and  may  be  recognised 
uliar  red  hue,  the  intensity  of  which  is  increased  by  an  increase  of  silica, 
landing  the  superiority  of  the  ultramarine  obtamed  by  this  process,  its 
)n  is  disadvantageous  owing  to  the  tendency  of  the  mixture  of  crude 
to  fuse  during  ignition, 

oruiMBariae.  Since  1758  the  diemical  constitution  of  ultramarine  has 
object  of  a  series  of  researches.  The  latest  experiments  are  those  of 
who  comes  to  the  conclusion  that  ultramarine  consists  chiefly  of  a  white 
b  which  black  sulphide  of  aluminium  is  most  intimately  and  molecularly 
:ed,  the  blue  colour  being  due,  not  to  chemical  composition,  but  to  the 
lation  of  its.  component  substance.  Gh'een  ultramarine  contains  less  soda 
due  pigment,  and  that  again  less  than  the  white  (so-called)  ultramarine, 
ity  of  sulphur  contained  in  blue  ultramarine  is  loss  than  that  in  green. 

uitamitfiM.  Artificial  ultramarine  is  an  impalpable  powder  of  a  fine  Une 
iiely  insolable  in  water,  and  when  waahed   with  distilled  water  leaving  no 

evaporation  of  the  filtrate.  It  is  not  acted  upon  by  alkalies,  bat  is  higidy 
)  the  action  of  even  vury  dilute  acids  and  acid  salts,  sulphuretted  hydrogen  being 
i  the  odour  discharged.  Native  ultramarine  obtained  from  lapU  lazuli  is  not 
iposed  by  weak  acid  solution.  There  sometimes  accidentally  occurs  in  soda 
more  or  less  blue  ultramarine  which  exhibits  the  same  resistance  to  acids.  That 
tramarine  commercially  termed  acid  proof  is  manufactured  with  the  addition 
}  described,  but  it  really  only  resists  the  action  of  alum-salts.  Ultramarine  is 
f  used  for  the  purposes  to  which  smalt,  litmus,  and  Berlin-blue  were  applied ; 
say,  ultramarine  is  employed  as  a  paint,  as  a  pigment  in  stereochromy,  for 
fings,  calico-printing  with  albumen  as  fixing  material,  for  colouring  printing- 
t  bluing  of  linen  and  cotton  fabrics,  paper,  stearine,  and  paraffine-candles,  and 
\  For  1000  cwts.  of  sugar  2I  lbs.  of  tne  pigment  are  employed,  a  quantity  so 
)  be  perfectly  innocuous;  further,  ultramarine  does  not  contain  anything 
0  health.  Green  ultramarine  is  a  dull-coloured  powder  used  by  wall-paper 
id  is  sometimes  mixed  with  indigo-carmine  and  a  yellow  pigment  to  improve  the 

tlons  of  ultramarine  with  Berlin-blue,  smalt,  and  other  blue  pigments  do  not 
as  ultramarine  is  a  cheaper  material ;  but  to  obtain  lighter  tints  ultramarine 
»  mixed  with  chalk,  kaoun,  alabaster,  uid  chiefly  with  sulphate  of  baryta. 


DIVISION  m. 
noBiroLoaT  of  oiiss,  cs&Aiao  wabe,  otfsuic,  lzxs,  ahd  vobxas. 


Glass  Manxtfacture. 


^roiJSuw  ?f^t?  Glass  is  an  amorphous  composition  of  various  silicates  obtained 
by  a  process  of  smelting,  alkaline  and  calcium  silicates  being  the  chief  constitaenta. 
That  which  is  termed  glass-water — viz.,  a  silicate  of  potassa  or  soda— of  course  con- 
tains no  other  silicates ;  but  real  glass  contains  other  bases  in  addition  to  sods 
and  potassa,  either  alkaline  earths,  as  lime,  bar3rta,  strontia,  or  other  more  or  less 
basic  bodies,  as  magnesia,  alumina,  or  metallic  oxides, — those  of  lead,  bismuth,  zinc, 
thallium,  protoxides  of  iron  and  manganese,  while  in  the  case  of  optical  or  fine 
crystal  glass  boi*acic  acid  or  borax  is  substituted  for  a  portion  of  the  silica. 

Glass  is  generally  transparent ;  when  opaque  it  is  either  white  or  coloured.  Cto 
is  not  acted  upon,  in  the  common  acceptance  of  the  term,  by  either  water,  acids,  or 
alkalies.  It  is,  as  has  been  said,  amorphous,  for  as  scon  us  it  becomes  crystalline  it 
ceases  to  be  f^lass.  The  amorphism  of  glass  is  due  to  its  composition ;  simple  sili- 
cates have  a  tendency  to  crystallise,  and  are  hence  unfit  for  glass  manufacture. 
Owing  to  its  amorphism  glass  exhibits  a  conchoidal  fracture.  When  blown  to  very 
thin  laminae  or  dra\sTi  into  thread,  glass  possesses  a  remakable  degree  of  elastidtr. 
As  regards  the  chemical  and  physical  qualities  of  glass,  much  depends  upon  tb» 
constituent  silicates ;  the  alkaline  silicates  render  glass  soft  and  contribute  to  its 
ready  fusibility.  Silicate  of  potassa  glass  is  less  bright  and  glossy  than  glass  a 
which  stlicato  of  soda  prevails,  but  the  latter  silicate  imparts  a  bli^-green  colour. 
Silicate  of  calcium  renders  glas3  harder,  brighter,  but  less  readily  fusible.  Silicates 
of  lead, and  bismuth  render  glass  very  fusible,  impart  to  it  a  high  degree  of  lustre* 
and  greatly  increase  the  refrangibility  ;  they  are  therefore  used  in  making  glass  fts" 
optical  purposes.  Silicates  of  zinc  and  baryta  impart  similar  properties ;  the  forffltf 
has  the  property  of  reducing  the  blue-green  colour  due  to  silicate  of  soda.  Silicate* 
of  iron  and  manganese  render  glass  readily  fusible,  and  impart  colour  to  it.  Silicates 
of  other  metallic  oxides  are  only  of  secondary-  importance  in  imparting  colour  to 
gLiPs. 

ciasf>\fi^nvonr^ftht^\a,Tiori»       Accordiug  to  its  chcmical  composition  glass  maybe  classified 
as  follows : — 

T.  rotiissium-calrium  glass,  or  Bohemian  crystal  glass,  is  quite  colourless,  very 
diflicultly  fusible,  hard,  and  ver\'  difficultly  acted  upon  by  chemicals.  Abroa* 
mirrors  are  often  made  of  this  glass,  mixed  with  any  of  the  following  kinds. 

II.  Sodium-calcium  glass,  French  glass,  window  glass,  somewhat  harder  than  th0 


GLASS,  ""  269 

but  more  readily  fusible,  exhibiting,  as  does  all  soda-contaiuing  glass, 
lalmr  bluO'|*Teen  hue*  Crovn-gluss  ia  of  similar  eoinpOHitiou. 
•  Potassium -lead  gla^,  crystal  glass,  very  readily  fusible,  soft  to  cut,  has  a 
r  »p  ^>  than  otber  ghis^,  and  ia  moro  reft-at'tivo.  Among  the  varietiea  of  tliia 
ary :— I.  Flint-glaas,  optical  glass,  in  addition  to  lead  often  coutaitiing  bis- 
and  boracic  acid.  2.  8 trass  used  for  pn^paring  imitation  gems, 
I  Aluminium-calcium -alkali  glass,  or  bottle-glass,  always  contains  oxides  of 
tnd  mjinganeee ;  and  sometimes  magnesium  instead  of  calcium.  Tho  colour 
I  from  a  red- yellow  to  a  deep  black -green* 

>  sp.  gr.  of  glass  dopomis  upon  it^  composition.  Tho  alkali-calcium  glass  ia 
Iglitest,  next  follows  aluuiimum-calcium-alkaU  glass,  while  thallium  glass  is 
itneat,  aa  may  be  seen  in  the  following  table : — 

^B  Bohemian  crystal  glass 2*596  Sp.  gr. 

^H  Crown-glass                        * 2*4^7  »? 

^■Mirror-glass 2'488  „ 

^^Window-glass 2*64;^  ,» 

Bottle-glass ,  *      . .      . .      . .      . .      2752  ,, 

[         Lead  glass 2*9  to  3*255  „ 

Flint-glass  (Frauenhofer's  recip-e) 377  „ 

^m          „          (Faraday's            .,     ) 5-44  f. 

^^  Thallium  glass    ..     ,,     ..     .  5*62  >, 

irly  cooled  gbwH  poiuesses  singk,  rapidly  cooled  doubly  refractire  jvowera;  the 
*;. ..  ,'...1.  ,r  f^f  glum  differs  oonsxaembly,  but  is  never  flo  high  as  thnt  of  the  dlamoDd. 
It  of  rvfractiou  of  tho  vacuum  of  Torricelli  as  unity,  that  of  quartiZ  ia 
^;  nd,   2*^06;    optii-al  glasa    (2-52  «p.  gr.)  :=  i'SH  ^    '"544  J    fiint-gkas  of 

|gr.,  1*639;  thallium  glanH— 11 71  to  1*965. 

■  diva  In  ThG«e  /ire  :  —  l .  Silitsn,  viz.  quart^f  for  very  pur©  glass,  for  other 
kinds  sand  of  varving  quality  or  pulverised  fiiit  HtoueA,  For  Tefy 
((the  irtlicji  ought  to  be  fixe,  or  very  iieiirly  m^  from  iron ;  in  aome  CAiies  the 
_f  iron  adhering  to  the  qiuirtz  or  mixed  with  the  mud  i«  rt»moved  by  hydro- 
D  oddf  while  the  sand  h  always  fin^t  Ignited  and  in  some  in^tauc%fl  pAhiou^ly 
U  to  remove  clny^  marl,  humui!§,  &ic*  Ordinary  ghua  ia  made  with  courier  miiteriola, 
kd  u  not  required  to  he  so  pure,  as  when  it  contoms  lime,  chalk,  or  clay,  it  renders 
IMmore  fiiHible. 

"T*  '   M  fomeiimes  uaed  as  a  suhatitute  for  a  portion  of  tlio   silica.      It 

V  of  the  ghutH,  imparts  to  it  a  high  poE^h,  mul  preventM  dovitrifica- 
r..  .   K^„i^>-    ,^,i  as  borax  or  aa  a  boro-ealcito,  a  native  boraeic  add. 
ptai0ii  and  aoda  are  used  in  a    variety  of  forms,  the  former  chiofly  as  pota^ 
llAto  of  pota88a)f  or  partly  hxiviated  wo<>d-a»h. 

|k}  lorgv  a  quantity  of  i*o<la  ia  rctpdrt^  an  of  fMitasli;  10  pBrtw  of  cnrbonate  of  soda 
iKiixd  to  13  parts  of  carbonnte  of  putsi*ih,  liittmtly  tbr  maht  bus  b«  en  used  iu  the  form 
fciber*!*  Bait;  iu  this  ca#e,  ho  much oirlmn  ii*  nddecl  tu  th*'  HilirtHJUH  earth nud  Gbniber  a 
I  will  reduce  the  Midphurir  no  id  of  the  wiUphatf  of  woiht  to  Hidplitin>u>i  »idil,  iiiiii  the 
I  to  <'4irbonic  oxide,  'flit'  Milide  acid  then  eii?'Uy  deeo^^p^^^»*^  tin;  ^ulphtmma  lu-id  of  the 
lb.  To  ioopart«  of  GlaidMr's  salt  (aiihydronH)  iS  to  9  |>iirts  of  e^yal  are  measnrod. 
tpt»  of  carbon  is  detrimental,  as  a  large  quantity  of  i^iijphlde  of  fujdium  is  formed, 
iimparta  a  brown  tint  to  the  gliiAA. 
iThe  lime  uaecl  in   glaa«-manufaeture  must  be  free  from  iron.     It  i»  generally 

rL  ait  marble  or  chalk,  either  raw  or  burnt.  Tn  joo  piirfji  bv  weight  of  wind,  20 
weight  of  lime  are  added.  In  the  Bohtmiun  miinufartun*  the  lime  it*  employed 
Itttral  (iilicate  of  calcium,  WollaHt^mitJ?,  SiO^Cu.  Instfud  of  lime,  stroiitin,  and 
i  can  be  n*cdt  tlie  fonaer  as  strontianite  (SrC'O,),  thv  littter  an  witherite  (BaCOj)* 
pipar  (CaFlJ,  and  alumlnate  of  eoda  were  at  one  time  OHod  in  making  milky  of 
hsaqne  glaa». 

pxide  of  lead  ia  employed  in  most  cases  in  the  form  of  miiiittm  or  peroxide,  giving 
pe  of  its  oxygen  to  form  a  lower  oxide,  and  purifying  the  glaw*.  Ine  le^d  give^  tho 
I  higher  spediie  gravity*  greater  btittleaeaa,  transpareney,  and  politdi.     It  muat  be 
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tin,  tlio  former  imparting-  a  green  colour^  and  il 
hite^lead  is  as  efficacious  as  red-lead^  pcDvided  no  Ikoafyiptt  b 
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ite^  from  oxide  of  coppei 
opnctty  to  fcLe  glaus.  Wi 
prcssut. 

6.  Oxide  of  zinc  is  alwraya  added  as  zinc- white*     When  the  colour  is  not  of  h 
sine-blende  with  sand  and  Glauber's  salts  may  be  u»ed. 

7.  (Jxide  of  bi-jmiitk  ia  only  added  in  smill  quanfcities  in  tlie  prepamtion  of  glsji  lot 
optical  instnimi.^nt4.     Biionuth  may  be  employed  either  an  oxide  ur  nitrate  of  the  oxide. 

The  natiiriil  silicat'Os  are  only  employed  alone  in  the  munnfat-ture  of  bottle-g^Iuas ;  laoia 
of  tlie  prtHX<liw>y  additions  are  requisit*  in  clear  p-lana  mamifacture, 

Bi«Arbinir.  Coloured  glasn  am  it  oceiirs  in  the  firwt  proeesa  of  mauofactnre  nuiTbarf  th» 
colour  dlsjLrtiiMed  by  moohanii^al  miicture  with  whit*  glass,  or  the  colour  may  be  *WhaqE»4 
by  ehemitud  a^i'nts.  .Such  agents  are  usually — brkunite,  arsenious  acid,  KiJtpetre,  isd 
miQium  or  red -I  end. 

I.  Bra  unite,  MnO^,  has  long  been  used  as  a  material  for  glass-olearing-.     Thia  oxi(i*o( 
mantfauoao  ia,  however,  uaod  only  in  small  quantities;   too  much  impartf   a   r\u\^\    r 
amethyM-red  colour   to   the  gloss;   while   an   excessive  amount  renders  the  y-i  1      i  It 
eoloured  and  opaque.     The  violet-ooloured  glass  is  generally  prepared  with  ^r     '     f 
manganese  by   the  addition  of  hraunJte  to  colourless  glasH.     The  action  of 
in  clearing  gla«i  or  rendering  it  colourless  has  h<jen  variously  explained.     It  m  1 
aidered  tbat  there  ariscks  in  the  molten  glass  the  colours  complementary  to  whit. , 
the  gpcen  from  silicate  of  iroa  and  tbe  violet  from  silicate  of  oxide  of  mangant^M^   tin-  >if 
is  sapported  by  the  experiments  of  Korneri  who  obtained  a  colourless  glass  fn>ni   t  uii- 
ture  of  red  and  violet  glaHtnes  ;  and  further  by  those  of  Luckow  who  obtained  a  c'<  iLmrk^* 
glass  by  the  melting  together  of  a  glass  strongly  tinted  n^  by  protoxide  of  mrttu-^jmc-^ 
with  oxide  of  copper.     The  glaas-b lowers  of  the  Bavarian  Waldensea  assert  tlint  »  ' 

quartz  there  fotmd  is  equaUeti  by  no  other  quartz  in  the  production  of  the  best 
dear  glass.     Von  Fuchs  aays  that  this  quartz  contains  i  to  1-5  per  cent*  ot    ^.- 
titanium^  which    similarly  to    hmunite,  etfects  tlie    chromatic    nentralisiition,     hoha 
employs  for  this  purpose  protoxide  of  nickel  or  oxide  of  antimony.     Oxide  of  RincJm 
lately  been  employed  to  remove  or  mask  the  green  colour  of  Glauber  s  wUt  gUo, 
imparting  u  higher  polish.     2.  Arseuious  add  effiscts  the  remo^Til  of  colour  by  rl 
means  only  from  glass  containing  carbon  or  silicate  of  iron:  in  glass  containing 
Araonious  acid,  Ah/3^  \  lAva  i  Arsenic,  As^, 
Carbon,  3C  j  **^  ®  \  Carbonic  oxide,  3CO  ; 

in  glass  containing  prtjtoxidc  of  iron  : — 

Protoxide  of  iron,  6FeO,  \     .      f  Oxide  of  iron,  jFe^Oj, 
Araenioua  acid,  As^O,,      )  ^      J  Arsenic,  As^, 

The  arscnious  ncid  is  reduced  by  the  carbon  and  protoxii&  of  iron  at  a  dull  red 
while  t^  arsenic  Lh  vols  till  Kcd, 

3.  SaRpetrc  is  adde<i  cliicfiy  as  Chili-saltpetre  or  nitrate  of  soda.  In  the  manofj 
of  lead-gln^s  (flint-gla*.H)  nitrate  of  Iwul  is  substituted  f  "T  the  nitrate  of  sodA.  S\ 
of  barium  has  r(.M3entiy  been  employed  to  discharge  the  colour  of  gloss ;  ita  action  10  ' 
to  that  of  araenious  acid, 

4.  That  minium  serves  to  render  glasa  oolourleas  has  already  been  Dotod, 
fttntes  that  gliisn  may  be  whitened  by  forcing  through  it  while  molten  a  stream  of  air. 

vuiiMUoaiif  n«fUM       The  niateriaLs  of    gla^  manufacture  are  nerer   ''m»*    >     '    - 
utaM-  always  with  nearly  the  third  part  of  prepared  or  t 

this  purpoee,  pieces  of  brtiken   glaaa,  flaw  glass,  the  hearth  dropi'i    . 
reraiiining  adherent  to  the  blowers'   pipes   may  be  utilised, — fterviiig  a  purjKiae  m 
manufacture  of  ghias  similar  to  the  rags  in  paper-making.     Thu^  there  is  otdjs 
small  loss  of  materials.     At  each  re-meltings  boweser,  a  portion  of  the  alkali  of  t&v 
meutaiy  glass  is  volatilised,  and  must  be  repbieed  by  the  addition  of  an  alkaiioe  Kilt 

The  Mc^itiflc  T««i«t  The  yeBsels  in  which  the  ghins  is  melted  are  placed  imm( 
upon  the  bcaith,  and  ore  made  of  difficulty-fusiblo  clny  and  powdenxi  <*h«i 
fitcine.  They  aro  usuaUy  06  metre  ia  height,  the  walls  bcnng  9  tc»  12  cen 
thick.  Thoy  are  dried  in  a  tempomture  of  12*  to  15",  and  then  placed  in  a  cl 
heatod  to  30'  to  40°.  After  remaining  about  a  months  the  vessel  b  put  inl 
tempering  or  annealing  ovon,  hoatod  to  50* ;  it  is  next  remov^:*d  to  the  onli 
mclting-OYen,  and  gradually  heated  to  the  melting-point  of  glnsa,  at  which  itivnition 
for  throe  to  four  hours.  WTien  a  new  pot  is  first  used  for  glitss-melting,  the  ollmli* 
constituenta  of  the  gloss  act  upon  the  clayi  forming  a  rich  clay  glaze  or  glass^  fbichf 
if  allowed  to  mix  with  the  ordinary  glass,  would  bo  highly  detrimentiii    Coo^ 
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Ltly  broken  glass  ami  refuse  are  firat  melted  in  the  yeast.!,  and  the  glaze 
ttJted,  t^rmtni  tiat-hnicalljr  the  lining,  is  a  eulilcient  protection  to  tkw  glass  ia 
ptB€tioe.  The  8hai>©  of  the  meltinf>  vessels  van»jB,  For  malimg  with  wood  or 
tile  conical  fonu,  Fif;.  120,  is  employed.  When  coal  i^  used  as  fuel,  the  vesiiel 
the  covered  form,  Fig.  121.    Fig.  122  represents  a  rather  peculiar  form;  the 

Fio.  121. 


Fm,  120. 


'^0 


Fio,  123. 


s- 


-  !_  L .  -v,  the  clear  molten  glass  passing  hy  the  aperture  in 
e^ntnil  wall  iuto  B,  The  glass  in  B  is  thus  always  free  fi'om  glass- gall  ur  impu- 
ich  remain  behind  in  A..  In  the  mrmnfactaro  of  looking-gk^sea,  large 
ar  Tnssiels,  Fig.  123^  are  employed  for  refining  purposes, 
i"<w«B.  The  ghves-ovens  are  respectively^ — i.  The  niolting-oven  ;  2.  The 
ing'  oranneating-ovene^  used  in  the  after-manufacture.  The  melting-oven 
otdf  bo  made  of  fire-proof  clay.  It  is  built  of  a  mixture  of  white  clay  and  burnt 
of  the  same  kind.  Ordinary  mortar  and  cements  are  useless  for  this  purpose 
cooxmt  of  their  futdbility,  therefore  the  same  clay  as  is  used  for  building  is  also 
ifor  binding.  The  oven  must  be  built  on  dry  gfround  ;  if  built  on  damp  ground 
difficult  to  nmintfiin  the  lower  paTt«  at  a  constant  heat,  re<^uiring  a  larger  supply 
«L  The  arch  is  closed  with  a  single  piece  of  lire-proof  day  weigliing  800  to 
curts*  Alter  building  the  oven  ia  dried  fur  four  to  six  months  at  a  t»>ujjieraturo 
P  to  15** ;  a  low  tire  is  then  lighted,  and  the  temperature  gradually  increased  for 
i  a  month  until  the  oven  ia  tit  for  actual  work.  The  arch  is  further  covered 
moflsive  baekstoues.  and  these  again  are  covered  to  a  thickness  of  5  to  6  inches 
I  lime-inortnr.  When  much  in  use,  and  if  not  built  of  ver}*  good  clay,  an  oven  wUl 
Imia  n  in  wfirking  order  for  lonp'r  than  i  J  to  if  years ;  but  if  lire-clay  i^*  used,  and 
Basil 3* -fusible  Ipad-glnsi*  isnmnufucturedT  the  oven  may  last  for  four  t<j  tivo  years, 
i?«it  contains  tiix  or  eight  to  ten  melting-pots,  which  must  aU  be  raised  to  the 
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srtmo  temj  oratiire.     Further,  the  melting-ovcn  is  placed  oyer  half  the  firo-i 

The  annexed  woodcut,  Fig.  124,  is  a  groand  plan  of  a  coifiplot«  ovea.   Fig,  12^ 

otton  showing  the  mel  ting-oven  and  work -holes;    FLg«  126  a  vertical 

Fio.  124. 


through  the  length  of  the  OTen ;  Fag.  127  a  yertical  eoction  of  tlio  l>r<^;iiUh.  Iii 
ground  plan,  Fig.  124,  0  0  is  the  flue  ;  c  cc  oro  the  melting-pots  ;  u  v,  pots  con  tail 
glufS  in  jinttthiT  stagn  of  pruparution ;  dd  d,  the  work -holes;  h  h^  the  banks;  » i,  wi 
iiig  and  codling  ovens ;  h  h^  tempering  ovens  j  <  c,  the  breast  walls  ;  //,  the  ^ 
walls;    /  /  are  BrnoU  hearthi9  to  increase  the  heat  in  the  tempering  oven  1 

Fm,  125, 


s 


ctll 


require*!.     In  Fig.  125  ^  is  the  fluo  ;  y  y  are  blocks  of  fttono,  bearing  the  woi 
frame-work^  z  z,  on  which  tho  wood  used  as  fuel  ia  placed  to  dry.     Fig,  126  d 
the  bank,  //,  on  whit'h  th*:;  melting-pots,  A  A  A,  stand  ;  over  these  pots  are  the 
holes  ;  n  n  are  the  sidt^  (hfimljers.     In  Fig.  127,  b  b  is  the  key-stone  ;  c  d  an 
banks ;  «/  th«  flue,  althoujih  in  most  glass-ovens  there  are  no  flues.     The  flam&i 
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The  length  of  the  several  xirocessea  ia  as  foUowu : — 

MeUing lo  to  1 2  hoTiiB. 

Clearing 4  to    6     „ 

Blowing - .     10  to  12     „ 

80  that  five  to  six  meltings  can  be  effected  in  a  week. 

iMibcta  tn  oiM».  It  is  ejttrpmely  difficult  to  prepare  gkaa  perfeetlj  free  from  ' 
The  principal  defect*  are — Htrcftkmg',  tkreadin^,  ninning  uneqtmUr,  or  droppin^^  stoom^, 
blisterinjirr  and  knottio^,  Streaking  follows  horn  heating"  the  ^mss  unequidljr,  anotlncr 
cjonsequence  of  which  is  the  threading  or  the  fommtion  of  the  Htriic,  br  grlo^ing,  mto 
oolonnxi  threjids,  generally  green.  By  dropping  ia  imderst«>tid  the  lnmp«  or  globnlei 
formed  in  the  glas.^  bif  the  g-lazing  of  the  clay  cover  of  the  melting-  toim^I,  and  ib  <»ttibi- 
natien  with  the  volatiliaed  alkalie«Y  the  omdb  ghuis  thus  formed  itn  the  eover  dr^pfii&g 
into  the  molten  pluBS  contained  in  the  vemeL  Bliatermg  \»  a  common  rei^nlt  of  the^ 
feet  clearing^  of  the  glage  from  air  bubbles.  Lastly,  knotting,  jmother  com 
reaultij  fnjm  uncombined  §rrauis  of  situd  taken  up  in  the  gla^a ;  the  small  par 
oven  and  mt.ltin|r  vessel  detached  ditriiigr  the  melting  similarly  givinjjf  rise  to  1 
Other  defee;tM,  wych  as  tlie  imperfect  ci>nibinatioD  of  the  materials,  arising  from  coaIm' 
nesa  or  inability  of  the  workman,  need  not  hero  be  noticed. 

Tndoiu  iubiu  {>f  oiM.      Glaas  IB  separated  according  to  its  oomposition  or  method  of 
manufaL'ture  into : — 

I.  G/aw  free  from  Lead* 
A*  Plato-glaas.    a.  Window-gloss: — 
a*  Rolled  glaas. 
^.  Crown  glasfl. 
h,  Plate-glasa  :• — 

a.  Blown  pkte-glaas. 
p.  Cast  plate-glods* 

B,  Bottle  gla«s  :— 

a.  Ordinfiry  bottle  glass, 

6,  Medicine  and  perfumery  glass » 

t.  Glass  for  goblet*),  drinking  glassee,  &c 

rf.  Water  pipes  and  gas  tubes. 

e.  Eetort  glaas, 

C.  Preeaod  or  stamped  glass, 
B.  Wat€a*  glass. 

n.  Glau  cmtaimng  Lead  {Flint'Olata), 
A»  Crystal  glass, 
B<  Glass  for  optical  purposes, 
0.  EnameL 
D.  Stmss. 

m.  Coloured  Glast  and  Glau  Staining. 

ly.  Qlau  Ikcorations, 

flat*  Of  wiBdow-otiMft.  The  glass  melted  in  mn^ea  or  Tessels  is  manufactured  as  pl*fc** 
gla9s  or  as  crown-glass.  Plato-glass,  as  its  name  implies,  is  formed  in  lai^  orani^ 
pmt^s;  window  glass  is  generally  either  ordinary  bottle  glass,  or  a  fitwsr  g\Mm^ 
n  wbiter  colour,  Recently,  thick  has  taken  the  plaee  of  thin  glass  for  window*,  bot 
the  colour  is  hereby  conmdei-ably  increased.  That  window  glass  should  bo  ytvp^ 
■«aply  is  an  essential  point,  consequently  cnule  materials  ar<?  employed— trui* 
♦i  and  8oda,  wood-ash,  Glauber's  salt,  ordinary  sand,  and  biokcn  glass  tm^ 
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rehoQ&eB^  Sec,  Plato-  or  window-gloss  m  generally  composed  of  100  ports  sand, 
to  40  parta  of  crude  calcined  soda,  30  to  40  parts  of  earbonato  of  calciuni. 
Head  of  the  soda  may  bo  subatituted  aa  equivalent  quantity  of  Glauber's  salt 
ftnath  {1869)  found  in  several  kinds  of  plate-glass  tbe  following  constituents: — 

Silicic  acid 7071  71*56  73'ii 

Soda         13-35  1^*97  i3"oc> 

I^ime       13-58  13*27  13-24 

Alumina  and  oxide  of  iron rgz  1*29  o'83 


99*46  99*09  100*18 

Th^  t*x*l8  ordinarily  ub^  by  the  glassblower  in  the  preparation  of  plate-  and 
iBp^lftM  are  the  folio  win  pr : — 

►  The  pipe  or  blow-tube,  Fig:.  J  30,  is  an  irtPti  pipe  1-5  to  i'8  metres  in  Icnfjih,  3  to  4 
tiaieti^w  thickf  and  l  cwntimctro  int^jrior  diumetei'.    a  is  the  mouthpiece,  mode  so  as 

Fio.  130. 


I  easilj  between  the  lips.    ^  is  a  hollow  handle  from  0*3  to  0*5  metre  in  length,    b  is 
^p«H  attached  to  th«  i^laiw, 

t  The  hiuidlo  or  hand  irons  are  rod*  i  to  i"3  metreH  in  length,  nsed  to  trnnsport  the 

^TCitels,  ^c.     f.  The  marb^l,  Fipis.  131  and  132,  is  a  piet'e  of  wood  with  Bemi-i^ltjibiilar 

Diationif,  which  serve  us  matriwea  for  the  ^iujw*  to  l»o  taken  up  on  the  blower's  pipe. 

>  whip,  a  block  of  wood,  boUk>wpd  mo  as  to  form  a  long;  nctk  to  tbe  soft  Ufmi-molten 


Fjo.  131, 


Fio.  132. 


P^^ 


^^ 


Fm.  133, 


Fio.  134. 


Ml ;  it  is  also  used  to  remove  the  Rlass  from  the  pipe.     e.  Fig.  134  are  the  sbeOTB  oaad 
trimmiog'  the  molten  glaas,  and  to  cut  openings  during  the  blowing  of  variona 

!ate-g1ass  is  mannfnctnred  na  CFown-glass  or  as  roUed  glass. 

»Mi«*-       Crown-glaaa  is  the  oldest  kind  of  window  glaiw.   It  is  formed  in  the  manuf ac- 

li  A  disc  of  glass,  gient-rally  of  about  j*ix  inoheM  in  mdiu*  from  thi:^  j>eriphery  to  the 

be  knot  Ic'ft   by  the   gluK.Nl>luwer"«    pipe,   tochmejilly   termed    the    biill's-eye.      The 

{est  diecs  are  scarcely  64  to  66  iiu'hcit.from  which  a  sc^uore  plat<?  of  22  iiiehcs  only  can  be 

;Chi»  bulPs-eye  interfering  with  th«^  cutting  of  a  larger  size.     In  the  prepAratiun  of  this 

»  three  workmen  are  einpk\ved  ;  tbe  hreit  takes  so  much  molten  gla**s  on  the  end  of  a 

ai  will  serre  for  a  ttijij^h?!  dit^\  itnd  pnHi^eM  pij>e  and  gLisa  to  tbe  second  workxriftn,  the 

ef.     He  blows  the  gluKa  intt*  a  largi?  globe  or  ball,  wjiich,  when  finished,  h&  bands  U*  a 

1  wr/rkm!in,  the  tiniiHher,  who   opens  the  globe  and  ftmns  t]ie  she«t  or  pane.     The 

tu  U  divided  in  detail  in  the  following  man^ner: — Tlie  firnt  workmnn  rei^eivea  the 

Id  pipe,  tlinwti*  it  into  the  vessel  of  molten  ghis**,  and  tarns  it  st^-idily  rfriind  until  ho 

Btcd  upon  the  end  a  knob  of  glann  of  «uMc lent  size,    Tlie  weight  nf  ihii*  knob  is 

10  to  14  lb«.     The  ftrst  workman  imparts  somewhat  of  a  aphcrical  form  by 

the  marbeX  to  the  soUd  glass  ball,  whidi  is  now  taken  in  hand  by  the  blower, 


i^7S 
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wKo  b^  turning'  and  sliifting  the  ^lais9  about,  at  the  same  time  blowing  thr&ngl]  thr  inl«, 
pprfccti*  the  hollow  splierotd.  The  ^1a.hs  has  bv  this  time  cooled  considomblr,  uml  with 
tlwj  pii>e  is  therefore  rftamed  to  the  oven,  the  tube  of  the  pipe  being:  fa«teu«xi  iii  u  fark  nt 
hook  in  the  ceiling-  of  the  oven.  As  the  g-lol)0  uf  ^tass  is  fjrriiduAlly  heated  the  weight  <jI 
the  rod  caxiaes  it  to  llatt^m  out,  and  it  is  removed  hy  the  fininher  a«  a  disc  of  uetih 
molten  glasa.  He  places*  the  tulx^  in  tiie  cavity  of  the  whip,  ntid  by  a  aenea  of  dejttnm* 
movementa  perf*"utja  the  shape,  eulrirj^'h*  the  diiw  if  required,  or  in  wome  ciwea  nuLktv 
a  h*r|?er  disc  by  n'Tiioving  the  partijilly  flittteued  sphere  from  the  oxen,  opening  ihe  bottom 
with  a  niaul  or  iron  rod,  ajid  cuiisiiig'  the  j^ln**  to  t  lite  the  form  of  a  di^e  bv  meani  of  U» 
eentrifuifiU  foree  re,HuJting  fn:tni  a  mpid  rc»tiiry  motif  n  of  the  ro<l.  Finally  the  tlisc*  iw 
aeparuted  from  the  pipp  by  the  hc[p  of  a  drop  of  cold  water,  and  arc  ncjrt  p7aoed  in  iia 


Fio,  135, 


Dg  oven  to  the  number  of  150  to  200  to  cooL     The  iini«hed  platedi  ai«  eat  to  6t 
1  aiEe ;  the  centred  or  boll's  ey«»  ierre  for  the  making'  of  atmaa  and  im  othctr  pQ^ 

CfUnatr  uiaair      Eollcd  OF  sheot  glass  is  made  by  cutting  a  glnt^-S  cylinder  ^r  '  - 

throughout  its  length,  and  beating  or  rolling  it  out  flat  oa  a  table.     It  is  ff»[  11  - 

re-iiaon  tetrm^  sheet  glass.     Usually  this  shoot  gloss  la  used  for  gr<>und  glass,  ami  ii 

further  fioparat^  into  ordinary  sheet  or  roll-glass  and  fine  sheet  glaas,  the  latttf 

-~i  lai^er  dlmenaions. 
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pi^aratioQ  of  sheet  glass  w  one  of  tlio  most  difficult  proceasea  of  glass  manu- 
mre ;  it  muy  be  considered  aa  consisting  of  two  operations — 

1 .  Tbo  blowing"  of  the  roU,  or  cylinder ;  and 

2,  The  flattuuiiig. 

iler  the  inolton  glsiss  has  cloared,  and  attained  the  barely  fluid  condstency 
bw  mentioned^  the  workman  insorts  his  pipo  into  the  mass,  and  by  turning 
fiagw  to  ftccuiuulate  on  it  a  ^lobo  of  glass,  during  the  time  blowing  into  the  tube 
keep  it  clear  of  the  moltc^n  glass.  The  glass  now  takes  the  form  a»  Fig.  135.  By 
liintted  numipuhition  in  tho  marbel,  and  by  bloi^ing,  the  enbirg^d  forma,  b  and  Cj 
[  finally  d,  an*  obtained.     Tho  gksa  has  by  this  time  cooled,  and  is  taken  to  the 

to  be  re-heat^.  WTien  this  is  offectod,  tho  workman  by  means  of  kis  took,  by 
ion  tinned  rotation  of  glass,  and  by  blowing,  brings  the  globe  to  the  shape  repre- 
Aed  by  /.     He  then  opena  out  the  bottom  of  this  form  with  a  maul-stick,  and 

B  the  cylinder  e,  wkieh  is  separated  &oni  the  pipe  by  dropping  tL  little  cold 


Fu3.  156. 


Fid.  137. 


>ii  Ihe  nt-^kt  o,  jf>iniug  the  two.  The  removal  of  this  nock  ia  next  effected 
\  of  a  rod-hot  iron  roil,  which  also  serves  to  open  tho  cylinder  throughout 
L  as  shown  by  h, 

i  great  number  of  these  cylmdcra  have  been  blowo,  the  oppTotion  being  generally 
I  tor  three  dstys^  the  opening  into  pbites  is  oiimniencod.     The  cylinders  uro  pl&cea 

ea  terniG'd  tJie  plate-oven*  shown  in  srrotind  plim  in  Fig.  136,  conaistiiig  of  two 

Auydberi,  one  the  beating  room*  c,  and  the  other  the  tempering  or  aunealinK  room,  D,     lu 

"  fipwttge  B,  the  heatcid  glass  rolla  or  cylindt-rs^  n  a  0,  aw  suspendcil  upon  two  iron  rods, 

to^  they  are  maintained  at  a  oeriam  heat.    The  moct  important  part  of  the  plate-oven 

[^fcb?  plattcn,  c,  made  of  a  we!I-rammed  fireM^ay-     A  similar  plate,  n,  la  placed  in  the 

f*'        room.     When  sufficiently  heated,  the  cylinders  are  brought  to  the  liattemng 
ig»  137,  where  they  .ire  speedily  opeutd  out  in  tho  manner  shown  in  the  wot>d<'ut. 
^Wnrbnnn  Ptationed  at  «/»  Fig.    136,  reoeives  the  ftiit  pane^  of  glaaa,  and  leans  them 
"  W  the  iron  bara,  *  #,  in  the  annealing  room,  wbenee,  having  gradually  cajoled  dmriug 
r  to  live  dayn,  they  are  removed  to  be  sorted  and  packed* 

MMitaM,      Flate-ghisa  is  either  blown  or  cast     The  uianufacture  is  very  similar 
ftftat  of  table-glass  just  described.    The  materials  ai*e  in  great  part  tho  samo  as 
i  employed  in  the  manufacture  of  fine  white  glass.  This  branch  of  glass  manu- 
sture  Is  most  strikingly  illustratiTO  of  the  rapid  growth  of  the  industry  during  the 
ttpn  or  twenty  years.     Formerly  plate-gla>ss  was  esteemed  an  article  of  luxury, 
I  now  it  i^  that  most  generally  used  for  workshop  windows,  carriages,  show- 
■  4c.,  (ind  for  windows  of  private  residences.     It  far  surpasmjs  in  transparency 
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and  elegance  the  small  j)anee  formerly  uaed.  By  the  Glass  Jury  of  the  Intenxi«j 
tional  Exhibitioa  of  Paris  of  1867,  it  was  aiirmiBed  that  before  ten  years  had  i>»h,p 
plate-glass  would  ho  that  most  generally  in  the  market.  The  blowing  of  jdate-glaai ' 
ia  effected  with  the  same  t^ols  as  the  blowing  of  table-ghws ;  and  the  cylmdor  ii 
obtained  in  a  similar  manner.  The  lump  of  glass  taken  by  the  blower  on  lu»  pipe 
from  the  melting  vessel  weighs  about  45  lbs*,  from  which  a  jdate  of  15  metres  10 
length  and  i  to  i-i  metres  breath  by  i  to  i*i  centimetres  thickness  is  obb 
But  tho  chief  methfMl  of  making  plato-glaes  is  by  casting.  Cast  plate-ghwii 
always  made  from  pure  material  a,  and  may  be  considered  os  a  soda-calcium  \ 
froe  from  lead.  Potash-ciilcium  gLiss  is  iar  more  expensive,  being  ahnost  a  ooIoiiN 
I6B9  glass.  In  England ,  Belgium,  and  Germany  the  raw  materials  used  in  luaufiW' 
turing  cast  plate-glass  are — Band,  limestone,  and  soda,  or  Glauber*8  eidts* 
Bearath  (1S69)  found  in  English  (a)  and  in  German  (jS)  pLtte-glaae : — 

a.  p. 

Silica        76*300  78750 

Soda . .     .  .     , .     16*550  13*000 

Lime        ..      .,      ..      .. 6'500  6*500 

Alumina  and  oxide  of  iron  ,•      , ,      . ,       0*650  1750 

loo'ooo  100*000 

Sp.gr,..     ..      , 2*448  2'456 

The  following  description  of  ca«tihg  the  plates  is  mainly  founded  upon  tliometho! 
parsaed  at  St,  Gobtn  and  Ravonhead.     The  manufacture  is  included  in — 

1.  The  melting  and  clearing, 

2.  The  casting  and  cooling* 

3.  The  polishing :  including 

a.  The  rough-poiishiug, 
^.  The  fino-pohahing, 
y.  FLnishing, 
i%«M«mnff  tndaeirinir.       Tho  melting  and  olearing  Teascbi  are  of  very  difibpcnt  form  »od 
B2e«     The  first  Ib  a  conical  Testjcl  aunuounted  by  a  cupola  having  three  aperttiies,  m&kiii^ 

Fig*  138. 


an  angle  of  120"  with  each  other.    The  clearing;  panH  are  Ktiiall,  wide,  and  low  1 
These   voHftela  are  never  in  the  imme  oven.     Aft^  the  nuit^^Hfils  aif  m«lt«<i,  vhifh  ^ 
effected  in  aixteesi  to  eighteen  haura,  the  molten  nmas  ia  poured  into  the  oloftring  vua^ 


I  mtt  then  remoTed  with  a  large  oopp«r  ladle»  tliLa  procesB  occupying  about 
>uno^  tlw  elforing  the  cxcesa  of  aoda  Ia  volatiliiid*  A\li(?n  the  gtuss  14 
rttag.  fiuffici».*utlj  cleared  the  oasting  ootomeQci^.  The  vcmhcI  containing  the 
kirn  up  by  ti  oran©  and  swung  to  the  ctiatiug  table,  tliiji  t^ible  or  moiild 
[  wjtii  the  cooling  or  annejiling  oven.  The  easting  table  couHiMtJ*  of  a 
pliiU*,  Fig.  138,  in  the  Freneh  work  «f  copper  or  bronze,  4  metres 
I  wide,  and  12  to  iS  contimetres  thick.  TliO  phite  at  St.  Gobin  weigha 
bdoost  ioo,co5  tmiica  (£4000).  In  England  tJie  plates  arc  of  east-iron,  25 
I,  5  mctreid  in  lengthy  und  28  metres  wide.  In  order  that  the  ^la«s  x>hite  i»huO 
ptifiknefls.  a  bronze  or  cai<t-injn  roller  puiiaes  over  the  flurf;ice  on  woiide^  of  the 
Bired.  llie  metal  plate  ii*  first  warmed  to  prevent  the  iiuddeu  cooling  of  the 
Iperution  of  casting  inelude*— 

aveyanee  of  the  pan  to  the  table ', 
an^jLg  of  the  plftte  and  the  pan  ; 

;  and  ranveyanee  of  tlie  plate  to  the  annealing  room. 

k  room  has  two  fire-places  and  throe  ghim  tahlea.  The  teroperatupe  ia  at  first 
WLs»  plate  introduced.  So  HtKjn  as  three  plates  are  plaec^d  iio.  the  o%'en,  all  the 
closed^,  and  the  glass  left  for  a  day  to  cool.  The  cooled  ghiM  phite  ia  taken 
dealing  oven  to  the  cuttiag  roorn^  laid  on  a  cloth-covcved  table,  and  cut  to 
KamontL 

|fi  glfliui  plate  10  cut  into  tablets.  The  under  aide  of  the  plate,  where  it  has 
Bt  with  the  table,  ia  smooth,  while  the  upper  sorfiioe  ia  warr,  and  rwiuires  to 
[This  is  effected  by  fastening  the  plate  or  tablet  to  a  beneh  with  iila^ter-of- 
Inding  the  upper  surface  eranx^th  with  some  sharp  powder ;  or  another  plate 
Ina/^hinery  to  move  above  the  former  in  such  a  manner  that  the  surfaees  of 
Kind  smooth.  The  ground  plates  are  then  removed  to  the  polishing  table, 
tar  prrjc^ess  is  gone  through,  but  with  a  finer  powder.  Finally,  when  placed 
'  "ng  table  only  the  finest  powder  and  letitbem  pads  are  employed.  By  grind- 
f  the  gla>*s  soroetimef!  lohes  half  ita  weight  and  thickness.  8upp<>.*t^  n  olate* 
f  to  priKlnee  400,000  square  feet  of  gLtss  annnaUy,  there  will  ln'  w  ith  this 
l-Wi^iKhin;::  atjout  t6,000  cwts.,  a  loss  of  8000  cwta.,  correiqionding  to  2700 
1  to^la,  ftud  a  money  ntlue  of  more  than  £1000. 

|^li»*yting,  eat'h  glass  tablet  intended  to  make  a  looking-glass  is  silvered, 

W  OOAted  on  one  side  with  an  amalgam  of  tiiu     In  the  prepanition  of  this 

altnued,  l^ut  it  must  be  beaten  from  the  finest  tin,  and  poasesM  a  i<iurfac6 

]  iiilver.     The  art  ol  silvering  is  sunple,  and  merely  it^quires 

I  iving  been  thoroii|^y  deanMnl  from  all  greaae  and  dirt  with 


jp.  earful 

He    i 

I  thi,'u  ti 
_       I  plate 
Salgam  iH  nor 


workman  proceeds  to  lay  a  aheet  of  tinfoil  suioothly 
>  ^ut  with  a  doth  dabber  all  wrmklea  and  plaoea  likely  to 
it  a  qunutitj  of  raeroiuy,  taking  care  that  all  partri  are 
]»ushed  gently  on  to  the  surf  aw*  c<imniencLng 
iv  feet  requires  150  to  200  pounds  of  mertniry, 
iwK  ris  31  slieet  of  the  finest  paper.  The  glass  is  iillowed 
IT  twenty-four  hours.  It  is  then  removed  to  a  wooden  ineUne  similnr  to  a 
t  to  allow  of  the  excess  of  mercury  draining  off.  Am  the  amalgam  gradually 
pe  is  incn^aised  till  finally  the  plate  reaches  the  perpetidiculaTi  when  the  pro- 
%  and  the  mirror  removed  to  the  storo-roonL 

I  The  former  method  of  coating  the  gloss  with  tin -amalgam  obtains  its 
le  of  nilvering  by  analogy  only :  the  true  proceaa  of  silvering  is  the  fol- 
[  by  Mr.  Drayton : — 33  grms.  of  nitrate  of  silver  are  dis8(»h  wl  in 
16  grms.  of  liquid  ammonia,  adding  to  the  filtered  solution  loS 
of  o  842  gp.  gr.,  and  20  to  30  drops  of  oil  of  cassia.  Call  this  fluid 
iCT  fixud  (No.  2J  is  prepared  by  nuxing  i  volume  of  oil  of  elovcs  with  3 
irits  of  wine.  The  workman  plai'es  the  glass  phite  upon  a  table,  carefully 
it  to  a  depth  of  0*5  to  i  oentiinetre  with  nuid  No.  j.  He  then  preci- 
adding  6  to  12  drops  at  a  time  of  fluid  No.  2  until  the  wholf;  of  the 
For  eveiy  square  foot  of  glajw  g  deeigrammeH  <jf  nitrate  of  silver  ai-o 
|ehig  reoomniends  an  ammouiacAl  solution  of  fusied  nitrate  of  Rth^er,  to  whieh 
ila-ley  of  I  035  sp.  gr.  are  added.  The  precipitate  throTsii  down  is  dissolved 
ammonia,  the  volume  being  increased  to  14^0  cc,  and  by  water  to  J500  c.  e. 
biixod  shortly  before  application  with  one-sixth  to  one-eighth  of  its  viJiume  ol 
j«u-  of  milk»  containing  10  partii  by  weight  to  I  of  sugar  of  milk.  The  gloss 
fti  this  fluid  to  about  half-an*ineh  in  depth ;  reduction  soon  sets  in,  and  the 
thickly  ooatod.     I  sqiuize  metre  of  gloss  plate  requires  2 '2 10  gmi&.  of  silroTi 
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liiaAOwtoiMi.  Pressed  or  cast  glass  comprises  the  many  cheap  glass  orna- 
s,  and,  indeed,  ornamental  glass  work  of  all  kinds,  now  so  general.  The  tall, 
>w- mouthed  chimney  ornaments  are  thus  made  by  being  blown  into  engraved 
moulds,  instead  of  into  plain  moulds  as  in  the  case  of  the  bottle.  Cup-shaped 
ee  are  made  with  molten  glass  pressed  between  a  concave  and  convex  surface, 
iirplus  glass  escaping  at  some  point  purposely  arranged.  As  a  rule  the  objects 
L  from  the  moulds  require  but  little  polishing. 

Fio.  140.  Fio.  141. 


r^iiM.  By  water-glass  is  understood  a  soluble  alkaline  silicate.  Its  prepara- 
is  effected  by  melting  sand  with  much  alkali,  the  result  being  a  fluid  substance, 
Dbeerved  by  Von  Ilelmont,  in  1640. 

Fio.  142.  Fio.  143. 


Fio.  144. 


jras  made  by  Glauber  in  1648  from  potash  and  silica,  and  by  him  termed  fluid 
.  Von  Fuchs,  in  1825,  obtained  what  is  now  known  as  water-glass  by  treating 
:  atid  with  an  alkali,  the  result  being  soluble  in  water,  but  not  affected  by 
spheric  changes, 
e  various  kinds  of  water-glass  are  known  as — 

Potash  water-glass. 

Soda  „ 

Double         „ 

Fixing  „ 

)tash  water-glass  is  obtained  by  the  melting  together  of  pulverised  quartz  or 
fied  quartz  sand  45  parts,  potash  30  parts,  powdered  wood  charcoal  3  parts,  the 
sun  mass  being  dissolved  by  means  of  boiling  in  water.    The  solution  contains 
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mucb  fTulplmret  of  potaasitim,  which  is  romcnred  hy  boiling  with  oxide  of  ttf^, 
Tho  addition  of  carbon  BBsiBts  in  reducing  part  of  the  carbonic  add  to  <^rbo(nie 
oxide,  which  difiappcars  during  the  melting.  Soda  water-glags  m  prepared  w^^^  ^^^^- 
vo rifled  quarbs  45  parts,  calciiiod  soda  23  parts,  carbon  3  parts;  or,  so* 
Buchner,  with  pulverised  quartz  100  porta,  calcined  Glauber's  salt  60  j 
carbon  15  to  20  parts.      Boublo  water* glass  (potaeih   and  8oda  wat^r- 
preparod,  according  to  Dobemaer,  by  melting  together  quartz  powder  152  ] 
cined  soda  54  parts^  potash  70  parts;  according  to  Von  Fuchii,  from  pi 
quartz  100  parts,  purifiud  potash  2S  ports,  calcined  ioda  22  parts,  powdered  i 
charcoal  6  parts.     It  ia  fui-ther  obtained  by  melting  tartrate  of  ]K>tash  and  \ 

^^  1  C^H^Oe  +  41120,  with  quartz ;  from  equal  molecules  of  nitrate  of  potaah  | 

soda  and  quartz ;  from  puriEed  tartar  and  nitrate  of  soda  and  quartz.     It  is  1 
fesible  than  the  foregoing.    For  technical  purposes  a  mixture  of-- 
3  Tolume«  of  concentrated  potash  water-glass  solution, 
2  ,,  „  soda  ,,  „ 

is  employed.   By  the  name  of  Exing  water-glass,  Von  Fuchs  designates  a 
of  silica  well  saturated  with  pobij^  water- gituss  and  a  silicate  of  soda,  obt 
melting  together  3  parts  of  calcined  soda  with  2  parts  of  pulrerieed  quartz. 
use<l  to  tix  or  render  the  colours  permanent  in  stereochix)my. 

That  known  commeTcially  as  prepared  water-glass  is  obtained  by  boiling  th^^ 
dered  wnter-gloss  with  water;  and  the  solution,  as  foiind  in  the  market,  is 
as  of  33*  and  66^,  the  difference  being  that  the  fij'st  100  parts  by  weight  cont« 
parts  by  weight  of  solid  water-glass  and  67  parts  by  weight  of  water.     It  th« 
follows  that  in  solutions  of  40*  and  66",  the  water  is  proportioned  as  60  and  341 
respectively.     Acids,  with  the  exception  of  carbjnic  acid,  decompose  wntrr-j 
soiutionjt,  separating  the  silica  as  a  gelatinous  substance ;  it  should,  thtsrefoj 
kept  in  vessels  well  set  apart  from  volatile  acids. 

Water-glass  in  au  important  product  in  industry.    It  is  uijed  to  render  wood,  I 
and  paper  non-inflammable.     The  water-glass  of  33*  is  first  mixed  with  dt»ub 
amount  by  weight  of  rain-wat«r,  and  is  then  treated  with  some  fire-pnMif  c^ilo 
matter,  a^  clay,  chalk,  fluor-spar,  felspar,  &c.     Tho  material  to  be  rendered 
flammable  is  painted  with  the  solution,  and  again  with  another  coat  oiler  tlia| 
has  remained  twenty -four  hours  to  dry.   Wood  is  thus  preserved  frtnn  being  1 
eaten,  from  encrustation  of  fungi,  &c     Another  industrial  application  of  1 
glass  is  as  a  cement ;  in  this  it  is  equal  to  lime,  and,  indeed,  is  known  as  * 
lime/*  Chalk  mixed  with  water-glass  forms  a  very  compact  mass,  drj  iug  us  I 
marble ;  no  chemical  change  is  hereby  efiected  ;  there  is  no  conversion  to  sihci 
calcium  or  carbonate  of  potash  ;  the  hardening  is  entirely  the  result  of  j 
Phosphate   of   calcium  treated  with  water-glass  acts  similarly.     Ztne-whitej 
magnesia  lose   none  of   their  usfsful  properties  when   mixed  with  wat<*r-gj 
Another  important  application  of  water-glass  is  in  the  i«iinting  of  stone  and  c 
walls,  and  in  the  preparation  of  artiiicial  stone.  The  latter,  first  made  by 
is  daily  meeting  with  more  extended  application  in  England,  India,  andAiiiericu 
is  prepared  by  mixing  sand  'wiLli  silicate  of  wda  to  a  plastic  mass,  which  is  ] 
into  the  requii*ed  shape,  and  then  placed  in  a  solution  of  chloride  of  cakiuni* 
this  means  sillciato  of  calcium  is  formed,  and  cements  the  grains  of  sand 
while  the  chlorido  of  sodium  is  removed  by  repeated  washings.    As  oesment  for  % 
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and  porcelain,  water-glass  is  eapecially  xiseM.     It  is  also  employed  in  the 
'«tioo  of  xyloplftstic  casts,  made  of  wood  rendered  pulpy  by  trwitment  witb 
shloric  add,  and  afte wards  impregnated  with  water-glass. 
te«v-      An  interesting  and  important  application  of  water-glass  is  in  the  new 
mural  and  monumental  paiDting,  termed  by  von  Fnchs  Bttreochrmny  (crfpfor, 
md  xp^l*^\  cofoiir).     In  this  method  of  painting  the  water-glass  forms  the 
ition  or  binding  matonal  of  the  colour.     There  is  first  to  be  coiiBidered  the 
'  or  cement  ground  upon  which  the  painting  is  to  bo  executed.     This  groun  1 
reoeiTe  an  under-  and  an  over-ground.     It  is  essential,  of  course,  that  the 
aental  groundwork  should  be  of  a  stone  or  cement  possessing  evory  requisite 
ability-  The  next,  or  undor-ground,  is  made  with  lime-water,  and  is  all<»wed 
ii&  for  some  time  to  harden.    When  well  dried  the  water-glass  solution  is 
t,  and  allowed  to  aoak  well  into  the  interstices  of  the  mortir*     After  the  under - 
.  has  been  thus  prei)ared,  the  over-gr<:>und,  or  that  to  receive  the  painting,  is 
This  consists  of  similar  ooastituents  to  the  under-groiHid,  with  the  exception 
good  sharp  sand  is  used,  and  the  mixture  treate<l  with  a  thin  ley  of  carbonate 
.    This  over-ground  of  fine  cement  being  nicely  levelled,  and  having  dned,  it 
SUghly  impregnated  ^nth  water-glass.     When  this  ia   dr)%  the  painting  is 
»d  in  water-colours.     Nothing  further  is  necessary  than  to  fix  these  colours, 
3  effected  by  a  treatment  with  a  fixing  water-glass.    The  colours  employed 
anc-white»  chrome-green,  chrome -oxide,  cobalt-green,  chrome -red  (basic 
t«  of  leail),  zinc  yellow,  oxide  of  iron,  sulphuret  of  cadmium,  ultramarine, 
fee.     Vermillion  is  not  employed,  as  it  changes  colour  in  fixing,  turning  to 
I*    Oobalt-ultrainarine,  on  the  contrary,  brightens  on  the  apj>lication  of  the 
idation,  and  is,  therefore,  a  very  ofiective  colour.     As  a  decorative  art 
fctomy  will  doubtless  attain  great  importance,  the  paintings  being  unaffected 
,  smoke,  or  change  of  tern  pern  turo. 

bM.  Crystal  glass  includes  all  lead-containing  i>otash  glass.  Crystal  glass 
it  prepared  in  England.  There  are  a  few  difficulties  in  manufacturing  this 
The  smoke  from  an  anthracite  coal  fire  is  injurious  to  the  pure  colour  of 
B,  so  that  the  melting-pot  is  provided  with  a  cover  ;  but  this  addition  has  the 
itage  that  the  temperature  necessary  to  molt  the  glass  cannot  easily  be 
L  A  larger  proportion  of  alkali  must  therefore  be  afldc?d,  which  deteriorates 
I  quality  of  the  glass,  rendering  it  liable  to  after- change.  Tu  prevent  this 
It  ftfi  poeaible  oxide  of  lead  is  used  to  make  the  glass  more  easily  fusible, 
\  moans  a  beautifully  clear,  transparent  glass  results.  The  following 
|ITe  some  idea  of  the  proportions  of  the  materiab  : — 

Sand      300 

Potash . ,  100 

Broken  glass        300 

Minium         .,      ,t  200 

Sesquioxide  of  manganese        . .  o'45 

Arsenious  acid o'6o 

I  mixture  is  used  in  the  glass  houses  of  Edinburgh  and  Leith :— * 

Sand      300 

l^H  Pota.ih  . .      . .     100 

^H  Minium. 150 

^^  Lead-ghize  ,,      .. 50 

oaII  quantity  of  ses'tquioxide  of  manganese  (braunite)  or  arsenious  add- 
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To  render  tlie  glass  fluid,  saltpetre  is  sometimes  added,  but  inmodAiste^ 
Dumas  rewjinmeuiia  sand  300,  niinium  300,  dry  potaah  95  to  100,  On  1 
eition  that  there  ia  no  losa  during  melting,  tho  mixtures  contain : — 

Silica        ..      ..     574  57 

Oxide  of  lead . .     363  36 

Potasih      . .     , .       6'5  7 

100*0         100 
The  whole  melting;  process  is  included  in  12  to  16  hourSp    The  glaaalj 
a  manner  similar  to  that  already  described,  but  is  more  easily  worked, 
and  Faraday  O),  found  crystal  glass  by  analysts  to  consist  of : — 

3. 

Silicic  acid       50'iS  51 '95 

Oxide  of  lead  .*     ..     ,,     38*  11  35*^8 

Potash     ..      ii^i  13*67 

Alumina,  &c ♦  ♦       Q'04  — 

99*95  98'S8 

According  to  Bcnrath  normal  crystal  glass  has  the  formula  KjoPI 
5K40,7PbO,36SiO»). 

Pu]i«Tiin«.        Crystal  glass  \s  either  cast  in  brass  moulds  or  k  grotmd.      Its 
adinitfi  of  its  tajdng  a  bott<;r  poliah  than  other  g-lasses.     The  griDding-  wheel  is 
iron  ;  above  the  periphery  m  nxed  a  vessel  containing  water  and  ^l>  waihed  san 
constantly  dropa  upon  the  wheel,  aaosting  ia  the  cnttmg.    The  polishing  wheel  \& 
well  eerrcd  with  pimdce-powder  and  water. 

opticiiGiaw.      The  preparation  of  good  optical  glass,  especially  in  largo  dimfll 

is  a  matter  of  much  difficulty.     Traaapiirency,  hardness^  a  high  rei&actiTe 

with  perfect  !\chroraatiam  arc  nM  required,  and  must  be  obtained  at  the  outlay 

amount  of  labour.     The  glaj^^  must  also  be  entirely  homogeneoua,  else  thi 

is  not  refract<Ki  regoilarly;  threads  aad  streaks  (striae)  arc  the  results  of  ine<^ 

and  it  naturally  follows  that  if  these  appear  to   the  unassiBted  eye,  tluj 

seriously  afTeet  delicate  observations  when  high  magnifying  powers  are  1 

in  telescopes  and  microacopes.     It  is  an  error,  however,  to  suppose  that  th( 

gularitiea  arise  from  impurities ;   they  are  rather  due  to  interruptions  in 

and  cooling,  or  to  unequjilly  heating  and  cooling  during  manufacture. 

especially  be  evident  in  the  case  of  waviness  qt  an  utidulating  structure  of 

Crown-glass,  tree  fnjm  lead,  is  not  so  liable  to  faults  as  flint-glass ; 

are  employed  for  optical  purposes. 

The  Rev.  Mr,  Hsireourt's  experimental  researches  as  to  the  best  optical  glai^ 
oateil  to  tht^  llritif^h  AA«ociation  at  tho  recent  meeting  at  Eklinburgh,  hy  Ptwfe 
*how  fully  what  boa  bwn  a<.^ompliahpd  in  preparing  glass  of  thia  order,     Mr._ 
resc^arthe*  were  daefly  earned  on  with  phosphatop,  oombined  in  many  c<u 
and  sometimes  with  tiing«tatcs,  inolybdateBf  and  titauatea,  oning  to  the 
and  pasty  confli(<tency  of  dlioate  gfasses.     Tlie  experiments  incdudod  g 
potasaamf  sodium,  lithiimii  barium,  strontmm,  calcium,  altontnium,  mang 
siiutif  nnCf  cad uu urn*  Icadp  tin,  niekel,  chromium,  lead,  thalUumi    bismutl 
tungsten,  molybdenum,  titanium,  vanadium,    phns]:>horus,  fluorine,  boroni  1 
The  molybilic  glaasea  firHt  prepared  were  of  o  somtjwhat  deep  ooloar,  deteii 
age  ;    but  at   length  molybdic  gla»s    waa   obtained   free    from  colour    and 
Titanic  atiid  gave  re«ultsi  much  suj>erior  to  thowe  obtained  with  molybdic. 
with  t*^rl»raU*  of  load  agreed  in  disj>eraivc  power  with  flint^glafts ;  while  a  ^ 
glass  extendi^  the  red  and  blue  ends  of  the  spectrum  equaUy  with  a  prism  of  one  I 
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fj  t^'.i^i.r^],^^  with  two  of  CTOwn>glaes.     Notwithstanding^  tho  great  di^cnltieB 
1  Mr.  H a rcourt  finally  succeeded  in  preparing  discs  of  terborate  of  lead 

u  I  (s*«,  jinfihffs  in  diameter,  almost  homogeneous. 

ttiwoU  kjitmn  that  flint- and  crown-glass  form  an  achromRtio  oorabination,  Flint- 
asi*  verr  ert-jOy  r«?tiderod  fluid,  conducinp  to  the  formation  of  striie.  A  variation  of 
t  proportions  of  tho  cnnstituc?nt  nmteriaLH,  thoiijjh  not  pniducing  efi^HJts  rinible  to  th© 
"  Tone*  w*dl  Htruug^ly  striate  the  ^lass,  rendering  it  unfit  for  optitml  purposm.  The  ooa- 
M*  muKt  bi>  equally  distribute*!  throughout,  and  thif*  is  a  groat  diflScultj'-  Tho 
1  of  I'-^ad  b<>ing  of  so  much  groater  wetffht  tiaka  to  the  bottom,  while  the  liglittrr  con- 
ittienU  float  at  the  upper  part  of  the  mftlting  t«8«;L  Usnallj  thin  ia  so  much  the  ca«e 
tgUaac'S  of  different  MjK?oific  gra\itie»  are  obtained  from  the  upper  «nd  lower  part©  of 
I  melting-pot.  Laniy  hoA  lately  employed  thallium  flint-glosa  in  the  preparation  of 
1  gUw,  tbAUium  taking'  the  plJtoe  of  potaah ,     CI.  Winkler  substituttid  bismuth  for  the 

f  Bouteraps  manufiictares  flint  glass  in  tho  following  manner  ; — A  gloss  mass  is 

lof— 

^liito  sand        lOO  Idlos* 

Minium      .. lo6     ,, 

Carbonate  of  potussa  , .  43  ,» 
i  placed  over  an  anthracito  or  stone-coal  firo  in  a  small  melting  oven,  shown  in 
.  145  in  verticali  and  in  Fig,  146  in  Horizontal  section,  Tho  oven  contains  oiily 
I  covered  melting  vessel,  B,  standing  on  tho  Lank,  A.  a  a  are  tho  grat<3  bars ;  c 
irtro  rako,  cnclost^d  in  a  firo-clay  cylinder,  d^  and  rt^sting  upcjii  the  rollor,  /. 
r  about  fam*t4>en  hours  tho  mass  becomes  equally  fluid  ;  and  a  rod-hot  rake  is 
duccd  inb>  the  vessel  by  which,  the  fleyeral  layora  of  material  are  intimately 
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Fio.  146, 


In  about  fivo  minutes  tho  mass  is  sufficiently  stirred  j  the  iron  rod  is  then 
. .  d.  the  clay  cylinder  remaining.  This  Btirring  is  effect^  several  times  witb- 
[fcnioving  the  cky  cylinder  ;  and  the  gla.ss  b  thoTi  ready  for  blowing  or  casting. 
Wor  optical  purpos^es  it  is,  after  tlio  removal  of  tlie  clay  c  yliiuler,  allowed  to  cool 
Uy  during  eight  days  in  an  annealing  oven.    Tho  most  perfect  pieces  of  glass 
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are  then  cut  from  the  interior  of  the  mass.    According  to  Dumaa's  analyos  cl  I 
sample  obtained  from  Guinand,  flint-glass  consists  of — 

Silica 42*5 

Oxide  of  lead     43*5 

Lime 0*5 

Potash 11*7 


Alumina,  oxide  of  iron,  and*) 
protoxide  of  manganese   ) 
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The  second  kind  of  optical  glass,  crown-glass  free  from  lead,  contains,  aooordin| 
to  Bontemps  :— Saud,  120;  potash,  35;  soda,  20;  chalk,  15;  and  ars^nioos  icid, 
I  part. 
Btnas.  The  imitation  of  precious  stones  is  an  interesting  feature  of  glass  maini* 
facturo,  and  in  Egj'pt  and  Greece  it  is  an  art  that  has  attained  to  great  perfedaoo. 
All  precious  stones,  vnxh.  the  solitary  exception  of  the  opal,  can  bo  imitated  arti- 
ficially. The  chief  constituent  of  these  artificial  gems  is  straWy  or  as  it  is  tenoBi 
by  Fontanier,  Mayeuco  base ;  and  in  France  artificial  gems  are  mostly  known  if 
Pierrea  de  Strass.  This  base,  then,  is  colourless,  and  may  be  considered  as  a  boo- 
silicate  of  the  alkalies  containing  oxide  of  lead,  this  being  in  larger  proportion  fins 
in  flint-glass. 

Donault-Wieland  found  colourless  strass  by  analysis  to  consist  of: — 

Silica 38-1 

Alumina      1*0 

Oxide  of  lead     ..     ..     53*0 

Potash . .      7*9 

Borax  ^  , 

Arsenious  acid  ]       '  '  "^^^^ 


This  analysis  gives  the  formula — 

(3K,0,6Si02)  +  3(3PbO,6SiO.). 

The  various  gems  are  imitated  by  the  addition  of  colouring  oxides,  the  whole  d 
the  materials  being  ground  to  a  fine  powder,  intimately  mixed,  and  melted  at  ft 
strong  heat.  The  imitaticm  of  the  topaz  is  obtained  by  taking— strass,  1000 ;  anti- 
mony, 40 ;  and  Cassius's  purple,  i  part.  The  topaz  can  also  be  imitated  with— 
strass,  1000  ;  oxide  of  iron,  i  part.  The  imitation  ruby  is  obtained  with  i  part  d 
the  topaz  paste,  and  8  parts  of  strass,  the  whole  being  melted  together  for  thiitf 
hours.  A  ruby  of  less  beauty  is  obtained  with — strass,  1000 ;  peroxide  of  man- 
ganese, 5  parts.  A  goixl  emerald  can  be  prepared  from — strass,  1000 ;  oxide  of 
copper,  8 ;  oxide  of  chromium,  0*2  parts.  The  sapphire  is  obtained  from  strasii 
1000;  pure  oxide  of  cobalt,  15  parts.  The  amethyst  from — strass,  1000;  peroxide 
of  manganese,  8 ;  oxido  of  cobalt,  5 ;  Cassius's  purple,  0*2.  The  beryl  or  ajiia 
marina  is  imitated  by — strass,  1000 ;  glass  of  antimony,  7  ;  oxido  of  cobalt,  0*4. 
The  carbuncle  by — strass,  1000;  glass  of  antimony,  500;  purple  of  Cassius,!; 
peroxide  of  manganese,  4  parts.  Much  attention  has  not  been  paid  to  the  mode 
in  which  the  colouring  is  effected  by  the  metallic  oxides;    nor    have  exped- 
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any  definite  result  as  to  the  application  of  tiingstio  ad-i, 
iic  acid,  titanic  acid,  cluroiiuc  acid,  and  protoxide  of  cliromium,  »lc. 

lSS»r*  *  'olonrod  gloss  may  be  considered  in  two  classes — that  coloured  as 
jle,  and  that  only  partially  coloured.  Tho  latter  ia  prepared  with  such 
ic  oxides  as  will  impart  to  the  glass  yery  intense  colour ;  fur  inslunco,  prot- 
bf  copper^  protoxide  of  cobalt,  oxide  of  gold,  and  oxide  uf  maxi^mese.  This 
t  glass  is  termed  superfine,  and  is  prepared  in  the  following  manner  : — Two 
f  TeaseLa  are  jjlaced  in  tho  oven ;  one  contains  a  lead-glas^,  the  other  the 
d  glaM.  We  will  take  as  tm  example  glass  coloured  rod  with  protoxide  of 
>  which  if  further  oxidised  irnpaila  a  green  colour  to  the  ghisis.  The  glaea- 
dips  his  pipe  firnt  into  the  red  glaas,  and  collects  a  sufficient  quantity  to  blow  ; 
»  dips  this  into  tho  white  glass,  and  proceeds  to  form  a  cylinder  or  roll,  as  in 
king  of  table  glu.ss.  Superfine  glass  is  known  as  '*  outside  "  and  *'  double,*' 
uble  layer/*  In  the  firsjt  case  tho  workman  takes  a  lump  of  white  glajwj  upon 
t  and  covers  it  with  the  coloured  glass ;  or,  in  the  secorul  Case,  he  takes  up 
nnall  unantity  of  white  ghu^,  then  sufficient  of  the  coloured  glass,  and  again 
Mlfd  glass.  'Red  glass  may  be  obtained  with  either  Cassius's  purjde,  protoxide 
mr,  or  oxide  of  iron  as  the  colouring  ingrodient,  Cassiu^'^  purple  is  used 
for  ruhy-rt^d  glass.  It  was  long  thought  that  niby-coloured  glass  could  not 
Ined  with  any  other  preparation  than  Cassius's  purple,  but  twenty -five  years 
;s8  showed  that  chloride  of  gold  was  effectuaL  If  glass  containing  salts  of 
^protoxide  of  copper  is  cooled  suddenly,  the  colour  disappears ;  then  if  again 
Warmed,  not  quite  to  softness,  the  colour  suddenly  ruiippears  in  fidl  splendour, 
lenoinenon  occurs  equally  in  atmospheres  of  oxygen,  hydrogen,  and  atrbooic 
In  the  preparation  of  protoxide  of  copper  glass,  lead-glass  is  taken  as  a  basis, 
sh  5  per  cent,  of  the  protoxide  is  proportione<l.  The  d:-awback  to  the  employ- 
f  the  protoxide  ia  the  readiness  with  which  it  becomes  oxide,  this  imparting 
I  Of  dour  to  the  glass.  To  prevent  this  change  iron  filings,  nist,  or  tartar  ia 
or  the  glass  is  stirred  with  green  wood.  Copper- glass,  as  has  just  bet^n  said, 
trleAS  on  cooling,  regaining  its  colour  during  the  process  of  anuealing.  Oxide 
i,  known  commercially  as  blood-stone,  ochre,  or  red  chalk,  is  also  used  to 
a  red  colour.  Yellow  and  iopaz-yellow  are  obtained  by  means  of  antimviniate 
l^h  or  gbias  of  antimony,  chloride  of  silver,  borate  of  oxide  of  silver,  and  by 
1^  of  silver.  Oxide  of  uranium  imparts  a  green-yellow.  Blue  is  obtained 
xid©  of  cobalt,  more  seldom  by  moans  of  oxide  of  copper.  Green  results 
lie  jwldition  of  chrome- oxide,  oxide  of  copper,  and  protoxide  of  irou.  Violet 
btnl  from  oxido  of  manganese  (bra unite)  and  saltpetre ;  black,  fr>m  a  mixture 
oxide  of  iron,  oxide  of  copper,  braunite,  and  protoxide  of  cobalt.  A  beautiful 
ft^ults  from  B«?squioxide  of  iridium. 

miam.       The  delineation  of  figures  and  scriptural  events  in  coloured  glass 

rma  a  very  remoto  period.     At  first  the  work  was  merely  mosaic,  pieces  of 

Ntgliifle  l>eing  inserted  in  leaden  framework.    Glass  painting  was  known  in 

Uy  in  the  middle  ages,  and  S4X>n  extended  througrhout  Eurttpe.     In  the  ijtli 

ft  wh«n  Giithic  architecture  became  prevalent,  glass  painting  also  becanie 

;eneral,  as  until  then  the  heavy-,  rtmud- arched  windows  were  too  small  to 

c»f  ornament.     But  it  was  not  until  the  15th  century  that  the  heavy  outlined 

'c  discarded  for  tho  more  mingled  colours  of  heraldic  device,  as  seen  in 
10 
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tibe  churclxes  of  Sebaldus  and  Loren^^  of  Nuremburg,  in  the  produclionB  of ! 
(relebrnted  Hirechvogel  family.  This  style  lasted  till  tbo  i6th  eefitiu  y,  when  1 
glass-miiki'r  U'i«d  tlio  etfect  of  pigments  upon  glass.  fcsiDce  tlint  time  the  art  ] 
gradually  improved,  the  improTememt  at  first  being  moat  manifeBt  in  Fnmco  i 
til©  Nfltlierlarids. 

Tho  iirttiii'o  of  glass- pain  ting  or  staining  is  in  principle  the  fallowmg: — ^ 
coIoiuxhI  ^\v\m,  rendered  easily  fusible  by  the  metallic  oxide  it  contains,  is  finely  p 
verised,  and  laid  upon  a  plain  glass  surfooe  and  hoated,  it  forms  a  skin,  or  ' 
as  it  is  teiTjied,  this  skin  or  layer  of  glass  being  said  to  be  **  llasbed  on."  It  is  evid 
that  very  brilliant  ettects  miiy  thus  bo  attained.  The  near  surface  of  the  gli 
receiver  the  strong  shados  and  colours*  the  other  or  distant  surface  the  lighter  t 
WbitC!  was  not  employed  in  the  older  glass  paintings,  but  is  now  used  in  ^ 
tints,  pure  white  effects,  &c\  Oxido  of  tin  and  antimoniate  of  potash  yiel 
m'hite.  For  yellow,  Naples- yollow^,  or  antimony- yellow ,  or  a  mixture  of  thol 
of  iron,  tin,  and  antimony,  or  of  antimonic  aciil  and  oxide  of  iron,  of  siilphunrt  { 
silrer  and  eulphuret  of  antimony^  or  cMorido  of  silver  is  used ;  tor  red,  oxide  vf  i 
purple  of  Cn^sius,  and  a  mixturo  of  oxido  of  gold,  oxido  of  tin,  and  chloride  j 
eilTor ;  for  bro^*n,  oxide  of  manganese,  yellow  ochre,  umber,  and  chroma te  of  ir 
for  black,  oxide  of  iridium,  oxide  of  platinum,  oxido  of  cobalt,  and  oxide  of  \ 
gancse  ;  for  blue,  oxide  of  cobalt,  or  potassium -cobalt  nitrate ;  for  green,  the  i 
of  chromium  and  copper.  Two  kinds  of  coloiu^  ai*e  distinguished,  the  hard  and  | 
soft.  The  soft  are  called  varnish  colcmrt*,  are  not  very  easily  fluid,  forming  vl  \ 
glaze  upfm  the  gbiss.  These  colours  are  placed  upon  the  outer  surface.  The  hjtn 
decided  tints  are  semi-opaque,  and  are  placed  upon  the  inner  surface  of  the  gh 
The  binding  fluid  or  vehicle  is  a  mixture  of  sUica,  minium,  and  borax,  with  \ 
the  colour,  being  previously  ground  to  a  fine  powder,  is  intimately  mixed* 
mixture  is  paiute<l  on  the  glass  with  a  pencil,  and  the  glass  plate  is  afterwards  f 
in  a  muffle.  Recently  volatile  oils  have  been  employed  as  a  vehicle,  vii.,  ( 
turpentine,  lavender,  bergamut,  and  cloves.  The  burning-in,  or  firing,  the  ( 
was  formerly  effected  by  placing  the  glass  tablet  'with  dried  and  pulve 
an  iron  pan  raised  to  a  red  heat.  But  recently  the  muffle  oven  has  been  \ 
The  bottom  of  the  muflie  is  covered  to  a  depth  of  one  inch  with  dry  powrlervd  1 
upon  which  the  plate  of  glass  is  laid,  and  again  a  layer  of  lime.  The  oven  ii  \ 
raisetl  equally  to  a  dark  red  heat.  After  six  to  seven  hours  the  fire  is  j 
withdrawn,  and  the  oven  allowed  to  cooL  The  glass  is  taken  out,  dtmsuiod  " 
wami  water,  and  dried* 

^"JtuSirtwOii*?'^      ^y  enamel  is  understood  in  glass  manufacture  a  coloo 
colourless  glass  ranss  rendered  opaquo  by  the  addition  of  oxido  of  tin.    It  formcrlj^ 
prepared  in  the  following  manner : — An  alloy  of  15  to  18  parts  tin  and  loopttrta  I 
was  oxidised  by  hc^at  in  a  gtream  of  air,  the  oxide  pulverised  and  washevl. 
mixture  of  the  oxides  was  then  frittod  with  the  glass.     An  enamel -like  ap 
is  impartod  to  glass  by  arsenious  acid,  chloride  of  silver,  ])ho6phate  of  ( 
cryobte.  fluor-spar,  aluminato  of  soda,  and  precipitated  sulphate  of  bariiun. 
glass,  eo-called,  is  a  milk-white,  semi-opaqua  glass,  containing  phoaphftte  of  c 
itt  the  shape  of  white  bon e-ash,  sombrerito,  or  phosphorite .    1 1  is  cmiploved  for  1 
globes  and  shades,  thermomet4ir  sondes,  &c.    It  is  made  by  adding  to  white  | 
about  10  to  20  per  cent,  of  whito  bone-ash,  or  a  corresponding  quantity  of  1 
phosphate*    After  melting  the  glass  is  generally  olear  and  transparent,  beoooiii^ 
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rKite  ftiid  opaque  during  the  prooeea  of  blowing.  The  colon r  is  fioally 
pod  durin)!^  annealing:.  A  similar  glass  to  the  preceding  is  alabaster  glass,  but 
tier  ia  mure  ofMUjuo.  It  is  also  termed  opal  gla^s,  rice  glassi,  or  riee-stono 
ind  Bfeaumiir'^  porcelain.  The  nmtorials  ure  thu  same  as  in  the  prepamtion  of 
of  which  it  may  be  eonfiidered  th«  scum  or  imderla yer  of  impnntiee, 
I  it  IB  really  imperfectly  prepared  crystal  glass. 

Cryolite  gla;$s,  or  hot- cast  porcelain,  has  roeontly  been  manufactured 
It  is  a  milk-white  glaas,  obtaine*!  by  melting  together 

Silicn 67*19  per  cent. 

Ctyolite 2384        „ 

Oxide  of  nine '. 897        „ 

or-spnr  or  alum  in  ate  of  ©odium  may  be  subetitnted  for  cryolite.    Befurath 
|xS6g)  in  such  a  milk  glass — 

8ilic4i      . .     . .     . .     70-01  per  cent 

Alumina 1078      ,» 

Soda        . .     , ,     . . i9'2i      „ 


lee  gU««  is  made  by  plunging  tlic  ma<4»  of  gla«s  attached  to  the  end  of  the 
|i  |iipcv  Mtill  at  A  glowing  red-beat,  uito  hot  water,  m  which  the  jg-lasi*  in  opened 
out.     It  tlien   reaembleH  a  iiitts«  of  thnwed  ice,  with  a  h^MHitifidlj'  iwllucid 
U  u  ftJao  known  as  crackle-glass ;  in  Franoc,  iw  t^rre  era^/Hctrt,     Agate  glaaa 
jVy  melting  togEther  the  wawto  pieces  of  colounxl  glai^H. 

AttnUit*.      Thin  is  a  glass  reisemblmg  that  foTind  in  the  Pnmi>plian  cicavntirtns, 

by  Pliny.     It  pO!*.seit»c«  »  Us'iutiful  rf-*l  colour,  bttwef n  that  of  vrmdUion 

,  i»  opB<|ue,  hiipdef  than  oniiiiary  pla!<a,  hoars  a  high  politih,  and  ha,**  a 

3^5.    The  colour  m  lout  l>y  melting,  and  by  no  addition  can  bo  recovered.     The 

Etaina  no  tin  or  protoxide  of   copper  as  a  colouring   matter.     Vou   Pcttenkofer 
id  to  thif   gliuw  by  meltini^   tojarether   mlica,    lbnc»  burnt    ^la{J:^l^^«.mt  lithorgv, 
W  hammerings,  and  *anithy  acalej,     A  part  of  the  «ilica  in  the  mixtrirt'  {»  decont* 
ip.  «»..,.. ,^  ,if  bomcic  acid,  and  a  maa»  i»  obtained  which,  when  ground  and  prrll.-thed, 
red  colour  of  great  beauty.    Pettenkofisr  garc  to  this  frlasA  tlic  term 
beantifid  shotte-oolonr  of  blue  or  dichromatic  tint  Hhimmcnng  through- 


to'<MMa      Aventurin  or  avanturin  giass  was  formerly  made  only  in  the  Island  of 

^  miar  Venice,  but   i»   now   prepared   throup-hont  Germany,  Italy,  Auf^tria,  and 

It  IB  11  bnrwn   p:la«9   roajw   in    which    ciTftt^dliTic   «piingle»  of  metallic  copper 

et^  Wf.hler  (of  protoxide  of  copjier  accrn^Hn^^  to  vou  Pftteiikofer)  appear 
Rrimy  aod  Clcmandot  have  prod  need  a  g-hisn  Miniilur  to  iivcuturia  ierl^><^,  and 
MMiiiied  of  300  part-H  larhias.  40  narta  protoiiile  of  copper,  and  So  parts  copper-wale, 
tflrian  and  Bohemian  glaaa-houHe^  produce  an  avcDtitrin  gmi^  rival liufr  the 
L    Von  Petteokofer  has  prepared  aventurin  glass  direct  fn:»m  luematinon  by  mixing 

Eit  irDo-ftIi»|Er»  witli  the  molten  mass  to  n^luce  about  half  the  oopiJcr  ccmtained. 
ofer  sunniiies  and  with  good  reason,  that  avcnttirin  ^nm  ia  a  mixture  of  green 
5,7    ..i    .  .  pf,f  pluj<s  with  red  crystals  of  silicate  of  protoxide  of  copper,  thef»c  corople- 
Jn^^»^r  the  bn^wn  tint.     TJiis  glass  is  also  will  imitated  bv  melting  a 
vniTi^  of  the  protoxidcM  oi  iron  and  copper  with  a  glann  mawe,  Tlie  prrjtoxido 
;  rt  after  a  lonj?  annealing  as  a   scjjarate,  crystalline,  red  ootablDation. 

!  ide  id  i^t:^u  ij»  lost  in  the  jyireen  colour  it  impnrta  to  the  glaas.    Pelouze 

t  bj  tri^dy  ndding  chromate  of  potash  to  the  glass  materials  qiangles  of  oude  of 
wcrt"  4^parated.  He  termed  this  glass  chromc-aveuturin ;  it  haa  been 
by  A.  Wtichter  in  the  glaring  of  porcelam. 
ifff  GlaJi*  relief  is  obtained  by  enclosings  a  lM^>dy  of  wr-Il -burnt  unirla/ed  white 
luhlcd  to  the  pwiiiired  form  between  layers  of  lead-glass,  the  result  bcins:  similar 
Aiiw  to  au  article  in  matted  silver*  Gold  matte  is  imltatetl  by  cmploj^n^'^a  yell«>w 
iTbu  branch  of  their  art  hoa  been  known  to  ''he  Bohemian  glass  manufacturers  for 
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FLi«f«e,  or  Ueikukted      By  fibre  or  fUafTTc©  gljiss  ifi  understood  that  fcicd  of  glue  ^ 

QUu.  formed   of   varifm4y  coloun»d   or  white    opaque  srlft>«  ihrvad*,  tJji* 

threads  being  somt'timeH  as  tine  as  a  Kiti^le  hair.     They  are  jtrcnerafliy  dniwn  imt  f 
tu^K^'^  or  sticks  of  pliiJ?**  of  variouM  colourt*,  heattMl  to  rednekia,  and  formtil  into  etido,  t 
or  spirals.     Two  of  thcHJ  tubes  are  t^en,  phn,ied  together^  and  bloT?ra  out  into  a 
the  rtqiiired  fomt,  whi<'h  !«  charaetoristd  by  the  confonnatton  of  the  glas 
istick.     From  the  epi/al  network  thus   formtd  tiiis  kind   of  giadB  vb  soin^tanifia  '■ 
reticulated. 

Mi.iiAtfte  Winu.  Millifiore  work  i^  a  peculiar  form  of  mosaic  g^laaa  work,  in  prcptinti 
similar  to  that  of  Petinet  srlosfl.  Small  filagree  canes  of  different  rolmired  glam  uvf' 
my  by  hide  to  form  a  thick  cord  or  oolunm,  the  cross  section  of  which  appears  of  a  ; 
I'olrntred  grain.  ITie^e  oorda  or  columni*  tan  be  twisted  to  almost  aoy  rec^uijicd  foiro, « 
wheu  heatcsl  und  drawn  out  the  pliiK^i  thrt^adi*  of  various  ooburs  ot  wtut-h  it  -*  ooraiKwed 
form  H  t^injjfk^  thread  of  very  variod  huo  arid  grroat  benuty.  These  threads  a^in  caa  be 
worked  iiit^t  oniunicnts,  or  funned  into  lumps  or  hulls,  I'he  best  kind  of  milUliorc  work 
are  the  paper- weights,  often  si*>kl  at  faney  l^aj^nars  as  Bohemian  glass  weight^f — the«^  are 
merely  lumprt  or  rolls  of  the  many-roloured  glass  tliroad  plao«l  togc^tlifT,  heated,  mod 
tiiiaUv  coated  with  a  HItii  of  clear  white  gla<«s  by  being  for  a  few  momcfntf  held  in  Hit 
wliitf  gla^  mjiltmg-p^t. 

uiwMrrarb.       There  are  two  kindj3  of  artificial  or  glass  pearls,  namely,  m>lid  or  nyima 
pctirts  and  blown   pearlj.     The  tirst  are  knoiiVTi  as  Venetian  pearls,  and  thos«  made  i 
Venice  are  preferred,  the  exi.K>rt  from  thia  city  in  iS6S  representing  a  money  YJilofe  { 
7,755,000  francs.     The  manmactnrd  is  chiefly  carried  on  in  the  Island  ol  Mtmsto.    ~ 
jxiark  are  made  frtJtii  smatll  glajjj  tubes,  either  white  or  coloured.  Oxide  of  tin  is  < 
in  the  preparation  a«  well  Ba  the  various  metallic  oxides  for  imparting  the  desired  ( 

Solid  I'earu.       The  gliii^s  tulies  are  cut  into  small  pieces  or  cylinders.     The  abarp 
thene  cylinders  are  removed  by  placing  them  ia  an   iron  vessel  brought  to  a  i 
the  l>eads  being  constantly  stirred  with  an  iroa  spion.     PreTiomi  to  this  operatl 
interior  or  bollowHi  of  the  beads  are  Elled  witii  powdered  chaTcoal.     They  are 
well  washed,  dried,  and  packed.    By  mother  mode  of   pr?pnration  the  pje*.**»«  of 
tubing  are  placed  in  a  revolving  Teasel  similar  to  a  coifet*-roaster.     The  finl-djed 
are  generaUy  strung,  the  charcoal  being  placed  in  the  interior  or  tube  of  the  boid  t» 
prevent  its  closing. 

BiowD  itarri.     The  preparation  of  blown  pearls  is  quite  a  distinct  msniifaetiire, 
resemble  the  real  p?Brl  in  form,  colour,  and  surface.     Jaquin,  a  French  patemostcr  ( 
rosary  maker,  in  th»' year  1656,  remarked  that  when  whitings  ((y;jrn^»rA     '  '^;f#^ 

were  washefl  with  water,  a  residue  remained  corntistmg  of  a  bf^autiful  ] 
This  was  the  fouudntiou  of  the  m&nufactiire  of  the  ariificial  ])earL     J.. 
fiith,  mixed  the  scales  with  water,  arid  ohtainecl  the  celebrated  *'  Ontntel  pterf^i 
**^  £»-enct  d'Orifht,'*   a  substance  identical   with   Gmntin.    A  small   bead  of   inr 
other  hardening  paste  is  coated  with  this  mixture,  dried,  and  dipped  into  molten 'gSZkl 
tliin  hhn  iti  ^  Uich  adliercs.  • 

The  p€-arl  is  sometimes  round,  sometimes   pear-shaped,  or   flat,     Anr^^    -        t|io(j  < 
preparing  the  pearls  is  by  mean«  of  beads  blown  from  glass  tuben  of  vi  ^ 
Dies©  beads  or  small  btdbs  are  then  filled  with  ffcarl -essence.     To  pr>  r 
say  A  quantity  of   120  gnus.,  4000  fish   are  necesHuty;  thus  a  pound  uf  pejirl 
requires  lS,ooo  to  20,000  fiali  for  its  prt^paration,     Tlie  scales  are  allowed  to  standi 
an  hour  in  water  to  permit  the  slimy  matter  adhering  to  them  to  settle  ;  they  are  rol 
down  ia  »  mortar  Tuith  fresh  water,  and  fcttrained  through  a  linen  cloth.     Thus  pr« , 
the  paete  la  ready  for  insertion  in  the  ghLBs  beads,  a  little  ammonia  being  added  to  prefi 
decay. 

jilAHmrhr.     nyalogmphv,  or  the  art  of    ett'hing  on  glass,  is  due  to  one  Hi 
"^'  r^nkhiirdt  or  8t*hwan4ard,  an  nrtist  lining  at  Nuremburg  in  1670.     It  consists 
i4nn^  opr-rjition^  : — Powdered  fluor-jtpar  iw  treated  with  concentrated  sul])htuia 
] ;  gentle  heat  is  a]*plie  J,  the  veiisel  being  covered  with  the  glass  plr 
..s  tth  wjx,  thrttxigh  whi*  b  th('  de.iign  i^  traced  with  0  *(teel  etchi; 
iiveii'otliioric  acid  (I'lH)  are  evolved,  whith  ctmibine  with  the  silioa  1 
%  forming  fluoride  of  silicon,  811*1^,  end  Vdliitili^ing,     The  plate  is  afterwards 
[  warm  oil  of  turpentine.     I'hc  tir»t  prattifid  upplication  is  due  to  Hann,  of  Wv»<i 

FI839.    More  recently,  Biittger  and  Bromeii*,  with  Auer,  of  Vieima,  have  impriFt^d 

The  etcliing'ground  used  for  engraving  on  metallic  surfaces  wnuld  nut  in 

'cw*  give  favourable  residta.     Piil  recommends  a  molten  mixture  of  t  part  asphalt 

I  part  tolophonium,  with  so  much  oil  of  turpentine  as  will  bring  the  mass  Itj  the 

sintency  of  a  syrup.     Etched  glass  plates  have  been  used  by  Buttger  and  Brumeb  m 

"  ^^n  instead  ol  iieel  and  copper.    In  the  press  the  glass  plate  is  backed  by  a  voii' 
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..  prooeai,  however,  has  not  been  practically  Buccessfnl;  it  ia  better  suited  to 
otion  of  bank  notes,  &c,^  than  engrariBjEra,  the  rPHulting  etchinjrH  beinir  hard  m 
it  for  pnipo***  of  decoration,  etched  ^lasa  ia  larfj^ely  used.     By  the  method  of 

Motiy  and  Marechal  of  Mi^tz,  a  bath  is  madia  of  250  grms.  of  hydrofliioride  or 
t  fwtiuauatn,  r  litre  of  wut^r»  and  25QgTm3.  of  ordinary  hydrochloric  aoid.  Keaalcr 
k  solution  of  fluoride  of  animoolum, 

P***^     To  tliG  most  important  alumina  combinations  found  native 
This  niineial  is  one  of  the  chief  inombers  of  the  cluse  eontuiining 

;Fanite,  and  porpyliry*  Potaali-fel?pw,  j^y^  |  Os*  with  6-54  ports  of  silica, 

Q&,  and  16*6  pota»b,  is  also  known  as  orikf*chxfie  or  adahria  :  when  ^iKlitim 
I  place  of  potassium,  tKo  felspar  albite  ia  formed,  Accoi'dinf?  to  Mitsrher- 
» felspars  contain  0*4  to  2'25  p«r  cent,  of  bnrium.  When  felspar  is  under 
■pe  of  water  and  cai'bonic  aciil  with  changes  f>f  temperature,  it  losoa  it« 
fotasbf  which  being  wiisbed  out,  the  poUish  is  taken  up  by  i>hints,  anci  wiU 
iccount  for  some  portion  of  the  pottish  always  present  in  thefr  a!«ih  ;  some 
icate  is  acted  upon  by  carlwiMc  acid,  by  whieli  tho  ailitic  acid  is  sepamtc^ 
|>le  carbonate  of  potash  formeil.     In  following'  this  decomposition  to  aeon- 

gn:iay  surmiao  that  the  silicic  acid  thus  set  frt'C  becomes  a  constituent  cf 
cbalcftdony  spar*  All  claya  or©  essentially  silicato  of  alumina  ;  and  in 
CCS,  as  in  Devonshire  and  Cornwall,  tho  chaiij^o  from  fekpar  of  the  Hne 
!mitt>  to  clay  by  disintegration  is  very  perceptible.  By  washing  this  cliiy 
from  quartz  and  micA  a  fine  white  clay  is  obtained,  known  as  kaolin  or 
fx^ttiain  cur»  porcelain  clay.  Again,  by  wuahing  with  potash  ley,  whereby  the 
k  is  taken  up,  there  is  obtained,  in  most  cases,  a  Uno  plastic  mass,  consisting 
Icctile  of  alumina,  i  molecule  of  silica,  and  2  molecules  of  watjor.  The 
office©  silicic  acid  varies  between  1  to  14  per  cent 
stiieHiig  of  the  felspar  may  be  formulated  thus — 

1  moL  fehrjior,  SijOgKAl,  orj^  j  Oj 

ler  the  iniluem^e  of  water, 

I  mol.  poroehiiii  clay,  ^SiO^IIAl^  and 
I     „    acMd  silicate  of  potash, 
'  fomiiiig  a  Miluble  Goiabiuution  einiilar  to  water-glass.    Porclain  day  occurs  in 
ring  loealitie**: — i.  BavariJi :  AmhfitFenhiirg,   Stollberg,  Dietidorf,  Obercdsdorf. 
I ;  Mori  HJif]  Trothrt,  near  Halle  (mat*-Tial  for  Berlin  porct'Utiu  manuf«eture — 
ImI   or    ll^  d    porjihyry).     3.  Sitxony  :    ne»ir   Schnec^lM^ri^    and    Mioiiia. 

t   is    a  '     granite;    the    hitter,    porphyr>%      4.    Eastern     Hungary: 

ia    M*'i  r   Carl^liad,    Bohemia:    Pnnzdorf  in  Hnntfar}'.     5.    France: 

r,  near   I  f*.   England:  Ht.  Aimtell,  in  C.^imwitll.     Weafh^TiHl  granite; 

I  of  orth*^  luartz.     It  is  found  cbieflj-  on  Tregouing  Hill,  near  Hebtone. 

It  naturally  loliuws  that  the  clay  should  contain  foreign  «ub«ianee8;  and  it  ia 

quality  and  quantity  of  tIje«*o  mib^stanees  thnt  the  several  varietie^i  of  clay  are 
of  coiu^^r  with  due  reference  to  the  chief  oonptttuentH— silicic  arid  and  alumina, 
r  clayt  contain  generally  the  following  foreign  snbstanees: — Sand,  partly  hh 
cid^  a$  flilioat«  of  potaah,  and  partly  as  particles  or  frfigments  of  undtcunip'oHed 

tiarytii  cotablnations ;  carbonate  of  magnednm  ;  carbcmate  of  caldum  ;  oxide  of 
>bur  pyrites ;  and  organic  matter. 

I!fri"5!K5?**  For  the  tcclinic^il  application  of  the  clays  tho  important 
ftfe  oolour,  plasticity*  and  wolt  hardening  under  heat. 
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ouioor.  NrttamJIj^  daya  are  white,  j^ellow,  blue,  or  green.  Pnre  day !«  wHte; 
culoTirod  eky»  arc?  the  resiilt  of  sevorfil  admixtures.  White  clay  ccMitiiin©  but  a  ^mdl 
quantity  of  pititoxide  of  iron,  iiud  Iwcomos  afber  burning  ydlow  or  r^  ;  theaecolfmn 
orij^mmtin^from  the  orj^^nnic  subatitnet>s  diHappenr  on  thL*irbt'in^  voltitiliw^d  allwr  mauf 
firiiil^.  Thoeolonred  elayt*  changt*  their  colour  during  firing,  beooming^  red  or  ivd* 
y*^^dli»w.  i'ljiu  cluya  are  prtpared  only  from  those  booouiiiig  white  by  contintied 
biirning. 

piMTkitT.      The  day  should  ubsorb  water  readily,  forming  n  tonsdrnts  mftsfi,  cvpftbls 
of  taking  sharp  and  dear  irnpri'ssions.     It  is  dmr  that  the  pbi«tidty  of  the  cUp 
depends  in  a  great  men-sure  on  their  composition.     Sand  is  the  constituent  iiit«t 
pT>iindi<"ial  to  plaftticity,  lime  loss  so,  and  oxide  of  iron  least  of  alt     Clar  fx**- 
643881  ng  a  high  degree  of  pIa.sticitT,'  is  «aid  to  bo  fai  or  /ow/.  and  when  in  the  *» 
condition  Imn,  thin,  or  ^hort.    All  Bhrank  clays,  that  is,  all  clays  decreased  in  . 
by  bumiug.  an.'  said  to  be  either  flratpii  or  hnrsL     The  amount  of  shrinkage  depnodi  i 
of  course  upon  the  quantity  of  water  the  chiy  contains ;  the  ftame  kind  d^  day  do«i 
not  always  exhibit  the  same  shri nkiige.     Fat  days  shrink  more  than  short  diifs,  j 
The  diminution  in  surface  by  shrinkage  varios  between  14  and  31  per  eent..th(<  I 
capacity  or  solid  contents  between  20  and  43  per  cent.     Clay  may  be  burnt  so  had  J 
as  to  give  sparka  when  struck  witli  Bte*3l ;  but  its  property  to  form  a  plastic  Qi^H 
with  water  is  then  wholly  b>8t.     Pure  <;lny  (silicate  of  alumina)  id  by  itsolf  infusdilfl 
but  by  mixtui-e  with  lime,  oxide  of  iron,  and  c^thctr  bases  becomes  more  or  less  riM^| 
fusible.     Acconling  to  the  experiments  of  E.  Kichtora  (1868)  tlve  refractory  qtialiti^| 
of  day  arc  least  inlluenced  by  magnesia,  more  so  by  lime,  still  more  by  oxide  of  in)^| 
and  mmt  by  potash.     Fu^siblo  day  obviously  is  not  adapted  to  the  manufaiotim^^l 
porcelain  or  such  ware  as  is  likely  to  be  expo^  to  a  high  tomperfiture.    A  fua1l^| 
and  a  ixjfraetcjr)^  clay,  when  heated  tonpeth*>r.  enter  into  a  mass  that  dae^  not  dw*)^ 
to  the  tongue.     By  the  manufacture  uf  clay  ware,  then  is  under^t«M>d  the  bimhLgc/  , 
certain  clays  together  by  means  of  a  euitable  flux.  ^| 

xindAorcur,      The  clay^i!  emplo^'cd  in  ceramic  manufacture  are —  ^^^H 

I.  Befractory  clays  ;  as  porcelain  aiid  plastic  da^iBu  ^^^| 

^a                             2.  Fusible  daya  ;  a*  potter's  clay,  ^^^B 

^B                           5«  Limey  days ;  as  marl^  loam.  ^M 

4,  Oehro  days ;  as  ruddle,  ochre,  ^M 

Of  the«o  porcelain  day  is  the  mo.st  irapr^rtant ;  it  is  of  yariotis  ooloan,  tvi^| 
tenaciouB,  plastic  to  a  high  degree,  bums  white,  and  is  not  fiisible  in  a  pondtia^l 
oven  ftre.  It  is  ordinarily  found  iu  the  tertiary  formation,  almost  always  odviisiH 
panied  by  other  kinds  of  day,  by  quartz -sand,  and  by  brown  coal.  Ffvt  pncM^M 
purposes  it  is  important  tu  know  that  days  of  the  same  strata  and  of  the  6ami*piH 
often  differ  largely  in  their  refnutory  property.  This  is  not  only  the  reimltO^I 
©xiterionce,  but  of  a  lengthy  series  of  experiments  made  by  C.  Bischof,  Otto,  i>&^| 
Th*  Uieht>«rs.  The  strata  near  Klingenberg-on-the-Maine»  at  Cobk^nx,  (otoi^n^H 
Laut*'rshoim,  and  Vallendar-on-the- Rhino,  Weisboch  in  Baden,  Buujdau  in  ^9Bt^M 
Siihwarzenfdd  near  Schwandorf,  at»d  Kemnatli  in  Bavaria,  in  the  prmiofft  <^B 
H«s»jn,  in  Saxony,  in  Belgium,  near  Dreux  in  France,  and  Devonshire  mid  Slrti*^B 
bridge  in  this  country,  are  aU  e^jflebratcd.for  this  day.  The  faUoimg  •nftly"'^! 
^ive  the  com|ioaiUon  of  varioufi  refractory  daya : — . ^i^^^^H 
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I. 

2, 

3. 

4- 

5- 

SiHca     . .     . . 

47-50 

4579 

53-00 

63-30 

5550 

Alumina 

3437 

a8-io 

27-00 

23-30 

2775 

Iiime 

0-50 

2-00 

1-25 

073 

0*67 

Magnesia 

I -00 

— 

— 

— 

075 

Oxido  of  iron 

1-24 

6-55 

175 

r8o 

2-01 

Water      . .      . 

I'OO 

16-50 

— 

10-30 

io'53 

I.  Almerode  in  Kurheasen  (crucible),     2.  Schildorf  near  Passan  (graphite  crucible). 
3.  Einberg  near  Ooburg  (porcelain  capsule).    4.  Stourbridge.     5.  Newcastle  (fire-brick). 

The  composition  of  the  Stourbridge  fire-clay,  will  be  seen  from  the  following 
axudyses  by  Professor  P.  A.  Abel,  F.E.S.,  Chemist  to  the  War  Department : — 


Sample. 

Silica. 

Alumina. 

Peroxide  of  Iron. 

Alkalies,  Waste,  &o. 

I 

66-47 

26-26 

663 

0-64 

2 

65-65 

26-59 

571 

2-05 

3 

65-50 

27-35 

5-40 

1-75 

4 

67-00 

25-80 

4-90 

2-30 

5 

63-42 

31-20 

4-70 

0-68 

6 

6508 

27-39 

3-98 

3-55 

7 

65-21 

27-82 

3-41 

356 

8 

58-48 

35-78 

3*02 

2-72 

9 

63-40 

31-70 

3-00 

1-90 

The  sample  No.  9,  containing  only  such  a  small  quantity  of  iron,  is  much 
Biperior  to  No.  i,  whose  refractory  properties  may  be  doubted.  Tlio  clay  is  dug 
from  pits  varying  from  120  to  570  feet  in  depth.  It  is  generally  found  below  three 
irorkable  coal  measures,  between  marl  or  rock  and  an  inferior  clay.  The  seam 
aTeragos  3  feet  in  thickness,  never  exceeding  5  feet,  and  the  middle  of  the  seam 
contains  the  clay  selected  for  crucibles,  &c.  Pot-clay  or  crucible-day  only  occurs 
in  small  quantities,  and  costs  at  the  pit-mouth  55s.  a  ton,  ordinary  fire-clay  only 
realising  los.  a  ton, 

F«t«»iaA7.  Ordinary  potter's  clay  also  possesses  most  of  the  properties  of  plastic 
clay ;  many  varieties  form  with  water  a  similarly  tenacious  mass.  But  potter's  clay 
is  highly  coloured,  retaining  the  colour  after  burning.  It  efTervescos  on  the  applica- 
tion of  hydrochloric  acid,  and  changes  to  marl.  It  follows  from  its  containing  large 
proportions  of  lime  and  oxide  of  iron  that  it  is  fusible,  and  moltii  according  to 
tlie  quantity  of  these  constituents  at  a  higher  or  lower  temperature  into  a  dark 
coloured,  slag-like  mass.  It  is  found  in  the  last  formation,  or  entirely  on  the 
surface  of  the  earth,  and  sometimes  in  the  tertiary  formation.  It  contains  among 
oUier  foreign  substances  organic  matter,  iron  and  other  pyrites,  gypsum,  &c. 

Wiikcritr.  Walkerito,  or  Walker's  clay,  is  a  soft,  friable  mass,  occunnnu^  from  the 
weathering  of  Diorite  and  Diorite  slate.  In  water  it  separates  to  a  powder,  not 
forming  a  plastic  pulp.  In  its  powdered  condition  it  is  of  use  as  an  absorbent  of 
fet,  &c.,  whence  its  application  to  the  removal  of  grease  spots  in  books,  &c.  It  is 
found  at  Beigate  in  Surrey,  Maidstone  in  Kent,  further  at  Aix-la-Chapelle,  in 
Saxony,  Bohemia,  Silesia,  and  Moravia.  It  is  employed  in  paper-making,  and  as 
an  addition  to  ultramarine. 

J<»rt-  Marl  is  a  mechanical  mixture  of  clay  and  carbonate  of  calcium,  containing 
^lui  [sand- marl),  and  other  constituents;  that  containing  lime  is  called  lime-marl; 
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TLg  mlxtiue  of   the  materials  in  the  requirod  praportioa  takes  plftoe  in  Urg^  fiti, 
whenoe  the  thm  pulp  ia  pumpod  and  forced  through  aievea  into  &iioilu3r  veasol. 

Dr^tiiE;  die  Huft.  Aftor  tho  water  is  removed  from  the  sediment  tit  the  bottom  of  |2» 
rat  or  tank,  the  clay  appears  as  a  slime*  which  has  to  bo  dried  to  the  requirml  ooq- 
sLstency.  The  drying  or  evaporation  of  the  water  is  effected  in  wide  Wooden  tanks 
exposed  to  a  strong  current  of  air,  Thi^  is  a  yery  general  muthtKl  of  drj^ia^*  lli* 
mftsSi  hut  can  only  be  employed  during  the  summer  months  on  account  of  tk 
dampness  of  our  climate.  It  is  not,  thereforoj  sufEciently  extensive  far  br?; 
manufiicturers^  and  consequently  other  means  of  drying  are  resorted  to- 
by means  of  wljaorption,  the  mass  being  laid  on  a  porous  layer  of  bur 
gypsum »  &c.  Drying  by  moans  of  gypHum  is  expensive,  as  it  «oon  : 
hardeiiod,  and  has  to  bo  removed.  The  mass  can  also  bo  dried  by  means  f>i  ur- 
pressurej  beings  in  this  case  placed  in  ftat  porous  boxes,  under  which  a  vacutua 
chamber  is  situated.  TaU>ot'8  appanitua  is  formed  on  thi.«5  prineiplo,  la 
Qrouvelle  and  Iluiiore*^  syjjtem  of  drj-ing,  the  water  is  first  partiully  remofwj, 
by  means  of  diaining  over  gypsiim,  and  the  mass  is  then  put  into  fim 
hempen  sacks,  which  are  subjected  to  pressme  in  a  screw  or  lever  press,  IVuiwd 
clay  has  greater  plastici  t}^  than  that  dried  by  artificial  heat ;  but  the  metltol  if 
expensive,  as  the  sacks  soon  require  replenishing,  being  apveedily  worn  out  by  ti* 
constant  pressure.  When  tho  umss  is  dried  by  pressure  or  by  absorjition,  the 

Kii«»dMRjtjic  Dried  j^  g^jj  cascs  IS  Bot  equally  expelled,  and  thertj  are  also  air 
which  must  bo  removed.     This  is  don©  by  kneading  and  treading  the  mu«s  t 
feet  and  hands,  and  Tiy  this  means  also  the  plasticity  of  the  m^Lss  i^  imp] 
Another  method  of  impitiving  the  pLasticitj'  is  by  allowing  the  moist  clay  to 
till  it  beoomes  putrid.    Stagnant  water  is  often  employed.    Brongniart 
the  action  of  this  rotting*  aa  it  is  termed,  to  bo  that  gases  wore  formed  in  the 
of  the  clay,  and  that  by  tho  oontinuouB  movement  caused  in  theii-  ondeavanr 
escape,  the  finnst  particles  of  the  material  were  intimately  mixotl.     8alv^Ut 
the  following  hyiKjthesis :— By  the  rotting  there  is  formed  in  the  masa  a 
quantity  of  sulphuretted  bytlrogen   gas.    This  gas  effects  the   reduction  wf 
alkaline  sulphurets  to  sulphuret  of  ealcium  under  the  iufiuence  of  tlit?i  organic 
stances^  the  sulphuret  of  cjilcium  being  set  free,  a  similar  action  taking  |>lac(» 
the  rarl>onic  acid  in  contact  with  the  air.  The  bleaching  of  the  ma&s  ou  e: 
the  air  is  due  to  tli*i  oxid^ition  of  tho  black  sulphuret  of  iron  t«>  sulphate  of 
which  is  removed  by  washing.     The  decomposition  of  the  felspar  constil 
also  ensue  from  tho  lung- continued  action  of  the  water*     According  to 
Sommaruga»  of  Vieima,  tho  existing  sulphates  are  docomy»oj*ed  by  the  ui 
sulphuretted  hydrogen  and  carbonated  salts,  and  these  being  removed  iritk 
water,  the  refraotory  nature  of  the  olay  is  improved. 

TTw  Mouidmt .      The  koeading  and  rotting  accomplished,  the  porcelain  mass  t< 
to  another  room  to  bo  moulded.    This  is  effected  either  on  a  potter's  wheel  or 
mould. 

The  Tux\fr%  Wheel.      The  potter's  wheel  consists  of  a  vertical  iron  axis,  on  wbi< 
noriiinntal  Boli<l  wheel  is  fixed,  and  caused  to  revolve  by  th«  foi^t  or  by  fftetim-poi 
the  motion  in  tho  latter  case  being  rrtgulated  by  the  feet.     A  lump  ftf  clay  ilj 
upon  the  wheel,  the  thumb  being  placed  in  the  centre  of  tho  lump  and  pi 
wards:  a  hollow  is  thus  formed,  which  is  widened,  or  the  walls  coutinutHl  vi 
accorihng  to  the  shape  ui  the  vessel  to  be  made.     The  oonstant  revolution  of 
trheol  easily  allows  of  the  moulder  obtaining  a  perfectly  cylindiioal  form.    Bf 
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ig  t^o  elity,  elcmgating  the  vessel,  again  dopressmg  it,  widening  it.  and  by 

nueil  manipulatiuD  iu  thia  manner,  the  most  exquifiittt  ebupe^  tiro  productid, 

BDrm  the  ridges  or  sharp  ii^^^^i  of  the  veeael  a  small  j>it?ci!  of  iron,  a  strip  of  horn 

kooti,  t4;rmed  a  bridgo,  is  used*     The  perfectly  formed  vessol  ia  cut  awuy  fiuiu 

I     '      '  *  V  a  piece  of  bmss  wire. 

*  \ '«*'^    A  mould  ia  first  taken  from  the  pattern  or  originftl  object,  which 

J  U*  ol  clay,  wax,  gypi^ura,  or  metal.  The  moulding  is  performed  with  dry 
trittl,  witJv  day  of  the  consii^ttmcy  of  dough,  or  with  tltiid  cLty.  The  moukls 
bt  jHisdesii}  a  c^^rtain  amount  of  elsi^ticity,  and  be  porous  iu  order  to  absorb  the 
Vture  expresai>d.  For  these  reasons  planter- of- i^aris  is  geuerttll}^  used*  The 
tifl  18  taken  from  the  original  article  in  parts,  which  ait?  tnnmied  to  fit  together 
irately  ;  into  eat:h  part  is  then  pressed  suffieicnt  clay  to  liH  tho  indontations  of 
pifrttia'n,  mor©  clay  bcin**  udd*xl  till  a  proper  thickness  is  obtained,  The  parts  ai*e 
I  fitted  togi^ther,  and  the  liioulds  left  for  some  time.  This  method  of  moulding 
pmetimes  called  presswork,  and  is  adapted  to  all  kinds  of  pottery  not  of  circular 
IL  I'lates,  cuj>6,  and  dishes  an"  also  made  in  a  aimilur  manner.  A  leaf  of  clay 
lUcxl  out  and  press^'d  betTccu  tlat  moulds.  Sometimes,  instead  of  rolUng,  th© 
f  ie  beaten  out  with  a  wooden  hammer  coyorod  with  leather, 
i^ir-  Moulding  porcelain  articles  out  of  thin  pulpy  clay  is  one  of  tho  most 
iaiious  arts  of  the  potter.  The  fluid  chiy  ia  jjourud  Into  porous  moulds,  which 
^b  a  jjortion  of  the  water,  thereby  reducing  the  pulp  to  a  certain  ctjiisisteucy, 
^  interior  pulp  remaining  fluid  is  nowpom^d  out,  and  i'hvi  caast  or  coating  of  clay 
String  to  the  mould  allowed  to  harden.  When  suificieutly  hard  the  vessel  is 
l&  t<i  the  lathe  to  be  finished,  or  if  not  of  cirtular  foiiu,  to  the  finishing  room, 
re  with  sharp  tools  any  required  pattern  is  cut,  or  handles,  spouts,  &c,,  which 
fcktr  '    I n  separate  moulds,  attached. 

BpJ;  Thf  finest   porcelain  is  finished  by  hand,  as  machinery  op 

Ddd  could  not  give  sufllcient  sharpness  to  tho  beautiful  flowers  and  figures  sculp- 
id  on  ya-'ses,  &c.  Tlie  flowers,  &c.>  aro  first  prepared  in  moulds,  are  then 
chud  to  the  body  of  tliu  article,  and  finally  aro  finished  ofl*  with  edged  tools. 
irtAtkd  of  the  flowers  are  sometimes  formed  on  wire ;  and  the  leaf  is  first  r^^ughly 
itructed  in  tho  palm  of  the  hand,  the  fuiTowing  and  veining  being  done  aft^^r- 
1«.  The  tcxhire  of  ilrapery  is  imitated  by  means  of  a  piece  of  tullo,  which  is 
,on  the  clay,  and  allowed  to  dry.  Iluring  the  burning  the  tullo  is  consumed, 
ijng  the  pattern  on  the  porcelain. 

ii««  tb«  rpfcciAtn.  After  the  porcelain  ware  is  fonned,  it  is  flried  for  some  time  at 
f  ordinary  temperature.  This  is  continued  till  the  clay  contains  no  moisture, 
\  is.  until  its  weight  ia  tolenibly  constant.  During  this  drying  tho  clay  is  said 
K)  in  the  green  state,  and  poaeeeses  a  greater  tenacity  than  it  has  in  any  of  th© 
ber  processes- 
Only  very  few  articles  of  porcelain  w»rcj,  genemJly  statues  or  fignres,  remidiL 
;  the-^e  are  t*'nne<l  htAcuit  irom.  All  otlier  articles  ure  ^IuzchI,  The  glazings 
aro  of  fotir  kinds: — 1.  Earth  or  clay  glazings  are  tranwparent,  and  funned  by 
ttlica,  alumina,  and  alkahea ;  they  eaaOy  become  fluid,  and  molt  alM>at  the 
rrattire  at  which  the  yeshcla  are  baked.  This  kind  of  ifluxing  is  upied  for  hard 
flain-  2.  heiul  ^-lazc^  are  tnuiMparent  ghizt^a  containing  lead;  uiont  of  the«e  melt 
Iff  tr'niperature  at  which  the  articic}^  are  bunit.  3.  £namcl  g:1azes  aro  partly  white, 
ly  mlourtni  cipOAjue  gloatses  fHjntaiuing  oxide  of  tin  besides  oxide  of  lead.  This  kind 
'  "    ^  and  serv  c\4  to  cover  the  imequnl  coktur  of  the  mider  moHM.     4, 

and  »lkali  gluzv?.     This  rla.sM  ind ad cs  the  ordinary  Halt-glazed 
^  jutaiidng  mLtaUic  oiidea  used  to  imitate  gold  and  silver  eurfocea 

kt  mfiTcdy. 


300  CHEMICAL    TECEKOIOGY. 

porc8i4d«ai«t*c-       Wo  will  horo,   however,  concern  ourselves  only  with  iMnrwTl 
gltLze»     It  is  nocessaiy  tlmt  this  glaze  should  melt  readily  at  the  tt*m|JoratiiTe] 
which  the  firtit'le  is  firod ;  that  it  should  bo  colyurkiss  and  opaque* ;  ihut  it  ^m 
fir«  sufficiently  hard  to  withstund  pressure,  grmchug,  iiud  ordinary  cutting, 
glazo  ia  iiddod  to  the  porcelain  muss  wath  a  flax,  so  that  the  meltiiigmay  be  3 
effected*     At  Meia^yn  the  glaze  used  contains  v — 

Qinirtz      . ,      , , .  .     37'0 

Kaolin  from  Seilitz »  .    37'o 

Lime  from  Pirna . .      , .     i-j's^ 

Broken  porcelain 8*5 

lOO'O 

In  the  Berlin  porcelain  manufuotitre  the  following  glaze  is  employed: — 

Kaolin,  from  Mo rle,  near  HoUe ji 

Quartz-sand       ,      . ,      , ,      , ,      , ,     43 

Gypsnm 14 

Broken  poreelaiu  tz 

100 

AppiyPnf  oieoiAM.       Tho  gUzo  Can  ho  put  on  in  four  ways  : — i.  By  immergion.  i.  Bj"' 
dusting,     3.  By  watering.     4.  B)*  vohitilisation.     The  glaze  is  either  mixed  vith 
the  ingrodiontii,  or  apphed  superficially  by  one  of  the  preceding  methods.    Glafinii 

louMnioii.  l>y  immemon  is  employed  in  the  case  of  porcelain,  the  finer  Pay  once  1 
and  Bometiines  for  stoneware.  It  requires  some  degjreo  of  porosity  in  oidcr  tlwt  I 
glazing  pap  may  he  absorbed.  The  glazing  materials  are  mixed  with  water  W  f  niT 
a  thin  pulp.  The  articles  previous  to  their  immersion  are  slightly  baked  to  prw  r<t 
the  clay  being  softened  and  running  ilnid  in  contact  with  the  water  of  th^'  ):Ui*'. 
The  articles  are  dipped  into  the  glaze,  which  they  readily  absorb,  a  coating  or  tlua 
layer  of  glaze  remaining  on  their  surface  when  thoy  are  removed  fnASX  the  b*tiL 
The  glazo  is  removed  fiom  the  bottom  of  the  article  imracdi^.tely  in  contaH  1 
the  substance  on  which  it  stands  to  prevent  its  sticking.     Ghizing  by  dusting  i 

nu»tiiiB,  surfiice  mt'thod,  and  only  used  for  costly  ware.  The  frtvshly  foranil  1 
still  damp  wai*e  is  dusted  with  lead  glaze  or  minium^  a  layer  being  l<*ft  on  1 
surface.  The  powders  employed  chiefly  contain  oxide  of  load,  which  combine*  ^ 
the  silica  and  alumina  of  the  clay  mass  during  the  firing  to  furm  a  glaze. 

w«t«r]]ijf.    cently  finely-pulveriaed  zinc  blende   and   Glauber   salt  have  been  1 
ployed.     Wateiing  is  a  method  of   glazing  employed  for  non* porous  articli 
such  as  English  porcelain,   onlinary  pottery  ware,  and  some  kiuds  of  Fay<^i 
ware.     Glaze   of   the   proper    consistence   is  poured  over   the    artidce,    the 
terior  sometimes    being    left   coated  with  a   white  glaze,   while  the  oatji^c  I 
agtun    coated    with    a    coloured    glaze,    as    is    seen    in     common    brown-Vtt**.  ' 

By  Vui«uuMit4AQ  ur  sm«ikria<.  Glazlpg  by  volatilisatiou  is  effectiid  by  coovoyiag  iiito 
the  o^-^en  a  stilt  or  metallic  vapour  which  &liall  form  with  the  silica  of  th^  m»8s  «* 
efficient  glaze.  The  most  general  method  is  applied  to  ware  not  re«\iuniig  to  1 
baked  in  fire-clay  vessels.  Common  salt  is  placed  in  the  oven  with  green  wood  f 
ftiel  to  form  an  imguovia  smoke.  This,  the  salt,  heatc*d  to  redness,  re<Nf>ivc*,  »iid| 
decomposed  into  hydrochloric  acid  and  smla,  the  vapours  of  which  fill  the  o?T 
The  inside  and  the  outside  of  the  vessel  submitted  to  this  process  iux>  tbusi 
neously  glazed.     Fine  stoneware  baked  in  fire-cliy  vessels  may  bo  glajknl 

nltion  of  a  mixture  of  potash,  plumbago,  and  common  salt.    During  the  1 
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ling  cMoride  of  lead  is  formod,  which  combined  with  tho  silica  of  the  clay  to 
II  thin  ghiafl.  Thia  method  of  glazing  is  in  England  termed  stnean'ngt  boracio 
Idiig  employed* 

SHJ!^^^  A  metliod  of  glazing  by  Yolatiliaation,  known  as  glaring  with 
lig  eohiiirs,  is  emplnytMl  for  porcelain.  It  csasentiullj^  consists  in  the  ignition 
mixtui'6  of  chloride  of  cukium,  chloride  of  lead,  ami  clay,  placed  in  a  small 
si  in  the  firing  capBule  or  tiring  chamber,  and  to  which  some  metallic  oxide  la 
as  cobalt  oxide.  Tho  oxide  is  converted  into  chloride,  and  combines  with 
onstituentd  of  the  article. 

vHjr,  or  8»fxtY.      Porcc<lain  ware  and   &i]perEne  earthenware  are  not  exposed^ 

burnt,  to  the  free  action  of  the  flame,  as  vanous  impurities,  such  as  asbea 

noke,  would  deteriorate  the  beauty.     Thoy  are  therefore  oucIosimI  in  fire-clay 

1%  termed  in  France  gazeUe»,  in  Gemiany  kapsthi,  luid  in  England  saggers, 

saggers  are   manufactured  of    the   l)e*+t   fire-clav»  with  which  is  mixed  a 

it  made  from  bruk»^n  sa^jgers.     Fii-st,  into  each  sagger  is  put  a  perfectly  true 

r  U10  same  material,  and  upon  this  the  porcelain  ware  is  placed,  three  knobs 

F*f*   »J7.  Tm,  148, 
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pull  props  projecting  from  the  disc,  and  keeping  the  article  from  contact  with 
J  itirfac<e  to  which  the  glaze  would  cause  it  to  adhere. 

■teiso?en.       Fig.  147  is  a  vertical  section  of  tho  porcelain  ovcti,  and  Fig.  148 
vatioa.     The  OToa  is  essentially  a  reyerberatory  furnace  with  three  stages 
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and  five  fire -rooms  stipplied  with  wood  fires.  The  oven  may  be  cooelder^l  m  & 
cyliiidcT,  sumioiiiittKl  by  u  cone,  in  the  apex  of  i^hich  ia  the  chimney  oj»eu2nf, 
flat  vaults  by  wbicli  it  is  divided  bvinj^  pierced  to  allow  of  communiciition 
tho  8l;igtfs»  L  and  l',  serve  for  tho  **  strong'  firing**  of  the  porcelain.  Th©  upper 
etagc,  l",  termed  variously  the  hoivefl^  crowuy  or  cowl^  senres  for  the  **  niw  burl- 
ing.*' At  the  bott^im  of  bc*th  the  lower  Brtages  ore  bnilt  the  fire-jihices,  /',  leading 
by  //  into  the  oven.  0  is  tho  oah-pit,  T  the  opening  to  tho  aah-pit  cloeeil  diuing  the 
burning ;  o  is  an  opening  through  which  fut4  i&  introduced  ;  c  c  ore  £he  openinn 
admitting  of  the  circulation  of  the  hot  gases.  P  is  the  door  by  which  the  oven  \a 
entered.  Tho  ovens  are  gradually  heated  iirat  to  glowing  heat  and  then  to  a  fitromg 
red  heat.  At  this  stage  the  openings  are  closed  and  the  oven  raised  to  a  j*trong?f 
heat,  at  which  it  ia  allowed  to  remain  for  a  short  time.  Thia  intonso  burning  lAStt 
about  sevenrt-en  ti>  eighteen  hours ;  the  oven  is  then  opened,  and  allowed  to  cod 
gradually  for  three  to  four  days. 

Emptjinjj  Clip  ortu  and    Aftor  tho  oTcn  ifl  coolcd,  tho  sagjETors  containing  the  ware  are 
sJoriiMK  ibr  War*,     roovcd,  and  tlic  ware  taken  oat.    It  is  theiv  separated  into  foor  kinds  :< 
fl.  Superfine,  con  taming  no  blomishc^l  ware,     b,  MtKlitun^   the  ware  slightly  inferior 
gla^fv,  &c.     r.  The   i^liippnl  and    Imperfectly  glased  ware.     d.  Waste,    or  ware  m  di^ 
torted  or  cracked  ba  to  l»c  iu*eleK8, 

fbuuj  wm».  The  cldef  faulta  are : — Cracking,  from  the  porcelain  not  being  Ruttv, 
plastic,  from  drying  nncqually,  and  from  unequal  heating.  Part  fosmg  from  a  t^ 
heat.  Air-huhblefl  causing  lumps  to  oppcttr  on  thp  surface  of  the  ware  thr^ni 
expnnsion  of  the  Jiir  by  Jicat.  Spotting,  fixini  fmgxnenta  of  the  sagger  fuiting  swui 
in  upon  the  ware,  YcUow-rolouring,  from  smoke  ba\nng  entered  the  saggt^r,  Tl 
fatdt«  in  the  glaze  are  : — Bl'>wiug.  the  result  of  tlie  development  of  gas  by  the  rem 
tlie  coDHtituentjfl  of  the  glaze  upon  each  other ;  aliio  resulting  from  too  strong  u 
Shelling^  or  the  exfoliating  of  tlie  glaze. 

Foreeutn  Painiis^,     Porcelain  painting  is  ronUy  a  branch  of  glojss  painting,  the  col 
being  glas«- colours,   which  when  burnt  in  bocomo  durable  and    bright, 
colours  employed,  technically  termed  muffle  colours,  are  :^ 

Oxide  of  iron,  for  red,  brown,  violet,  yellow,  and  8epi&. 
,,         chromium,  for  green. 

,,        cobalt  and  potassium -cobalt-nitre,  for  blue  and  black. 
„        uranium,  for  orange  and  black. 
,,        manganese,  for  violet,  brown,  and  black. 
,,        iridium,  for  bhick. 
„        titanium,  for  yellow. 
,,        antimony,  for  yellow. 
„        copper  (and  protoxide),  fof  green  and  red* 
Ohjomate  of  iron,  for  brown. 
„  lead,  for  yellow. 

,,  biiriiim,  for  yoUow- 

Chlorido  of  silver,  for  red. 
Chloride  of  platinum,  for  platinising. 
Purple  of  Cass  ins  J  for  purjilo  and  rose-red. 
l!heee  coloui-a  arc  mixed  with  a  fluxing  material,  en  that  by  the  melting  a  filii 
or  "borate  may  be  formcHi,  yielding  a  good  glaze.     Therefore  the  oxide  of  cobalt 
the  oxide  of  copper  must  first  be  mixed  with  silicic  acid  and  boracie  acid,  oxiite 
antimony  with  oxide  of  lead,  &c.,  to  form  a  blue,  green,  or  yellow  colour, 
there  are  few  metallic  oxides  yielding  these  colours  that  are  n<it  affected  iujimoi 
by  heat,  or  are  by  themselves  sufficiently  easily  fluid.    The  bundng^in  of  tbi 
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ffected  in  a  muffle,  Fig,  149,  the  opening  o,  semng  aa  a  commuiiicatioii 
\ii  iuti3rior»  by  which  the  degn^e  of  heat  may  bo  flscertiiiued  j  the  opening,  w, 
for  the  eacap©  of  tho  Ttipours  of  the  essential  m\s  (ctil  of  turpentine,  oil  of 
»,  &c,),  with  which  the  enamel  colonra  are  sometimes  ground  up.     Fig.  150 

Fto,  150. 


Feo.  149. 
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heating  the  muffle.  Tlie  hcniliog;  is  uommenced  at  a  low  fcem- 
|«  and  is  gradually  increased  to  a  rt^l  heat.  From  time  k>  time  the  muffle  is 
j  till  the  (X)lour8  b<»giu  to  disjippear ;  then  the  inufflo  is  cai'o fully  closed,  raiaod 
Igbt  red  heat,  and  finally  allowed  to  cool  as  slowly  as  possible. 

IdM  th«  i*orc»itiii^  The  gold  employed  for  decoratinjr  the  poroclain  is  diasM:>lved  in 
iirtfit  Jifid  prt'i'ipitAted  with  either  Rulpfiate  of  iron,  mtrot*  of  protoatide  of  mercury, 
lie«uis  «*f  o]tHlic  acid.  In  it*  appUi-utiou  the  g^tld  mii«t  l>o  intimately  mixed  with  a 
eneraUy  nitrate  of  oxide  of  bismuth,  Shell  g'old  is  einployed,  alw  g^ld-beatera' 
j  Thp  urtielf  Xfi  be  g^lt  must  be  thoroujtrldy  freed  from  greasei  elae  the  gold  will  not 
\  Tile  >fold  powdor,  finely  iprrtiund  np  with  su/^r  or  honey,  or  some  Hiich  soluble 
M'*.  iM  iipplied  with  a  pencil  bnitih.  Tlie  buniiiig-in  iji  effected  in  a  miiflle.  The 
nitit  mf'Uttl  durinjc  tlie  biiminjpr,  but  Ix'comes  firmly  set  upon  tbe  article  by  means 
(  flux.  After  buming^  the  gold  d*X'{i  not  at  once  appear  bright,  but  r€<iuires 
Ifctitg  with  nn  ajumte  tool. 

lutfiBic.      Brijrht  gilding  differs  from  the  foregoing  in  ret^niring  no  after  p<iLishing 
mg-     It  IH  efiftH^ted  by  buming^ui  a  solution  of  sxilphuret  of  ^h!  or  fulminating 
biilMm  of  sulphur.    Wnen  on  article  ia  gilded  with  precipitated  metallic  g-nld  or  a 
~"  prerpttration,  the  g^ilding  is  secur©  from  injury  by  handling  or  scratching  with 

piitiniatfiR.  Silvering  and  platinising  are  usually  only  in  dight  requisition- 
talT^r  i«  thrown  down  from  its  e^^lutioii  by  means  of  copper  or  zinc ;  the 
\3  pTeeipitated  from  ita  neutral  rMoride  by  mcan^  of  liiiling  with  pota^ 
Igar.  Tlie  tamlKhing  of  silver  on  porcelain,  by  sulphuretted  hydrogen  may, 
bg  to  Rcjoseeau,  be  prevented  by  placing^  before  burning,  a  tliin  layer  of  gold  upon 
r  '■'-  ~-  ■}  -  the  r+^«ult  then  is  a  wnite  layer  of  goW-tnilvcr.  Much  care  is  not  neoa»> 
I  -  Hs.     The  fiilver  and  platinum  are  mixed  with  basic  nitrate  of  oxide  of 

^1  ^  1 1  uti  luul  burnt  in,  and  afterwards  bnmifihed,, 

rlntnicparent  poreelnin  ia  u*<ed  in  the  art  of  lithophanie,  or  makbg  tranfipft^ 
A  thin    and  iinglajEed  porcelain  plate  i*  pressed    into  a  flat   gypsum  mooM 
I*  the  pattern  in  high  relief*     Tlie  figures  by  tran^mitt«^tl  light  uppeur  in  delieiitely 
'    '   *      ind  ahade.     Tlie  ftpplicotions  of  this  art  to  the  manufucture  of 
aamenta,  &c,,  are  too  well  known  to  need  remark  here. 
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pkcnciiFiitteFowimHi.    Tender  or  fntte  porct^lain,  is  distin^Ishod  m  commcroei 
two  manufactures — French  and  English.     The  French  niariiifactnre,  in  1695, 
first  carried  on  at  St.  Cloud,  near  Tiiria,  by  Morin^  who  om ployed  a  glftaej 
without  the  addition  of  kaolin,  but  containing  Icttd.  somewhat  similar  to  cryi 
gloss.     It  can,  tberefon?,  hardly  be  considered  a  porcelain,  strictly  so  called*  unl 
melted  with  limo  and  alumina.     Thus  /riU«  porcelain  is  composed  of; — I,  A 
masa  or  fritie^  obiiiinixl  from  silicn  and  alkiilies.     2.  Marl,  as  a  clay  constii 
Chalk,  as  a  limo  constituent.     The  proportions  of  these  constituents  aro: — 

Fritte        .....       75  75 

Marl  ......     .1     17  8 

Chalk        ......       8  17 

Ee^fritte  is  mixed  with  tho  chalk  and  marl  to  form  a  tliin  pulp,  whicb  is 

to  remain  for  a  month  to  dry,  and  then  again  pjiilToriscMh    When  required 

plasti*  ity  is  obtained  by  adding  soap-  or  lime-water.     Fntte  porcelain  in 

in  saggers,  genemlly  before  glazing.     During  the  burning  thia  kind  of  poj 

eolteus  more  than  the  hard,  and  requires  supporting  on  every  side.    It  is  for 

reason  genemlly  baked  in  fii-e-day  moulds.     The  ordinary  oren  is  employed. 

glaze  for  tender  porfoluiri  is  a  kind  of  crystal  glass  containing  load.     This 

is  poured  over  the  articles,  as  they  are  non- absorbent  on  inimer^on.    Fi 

lain  iy  similar  to  cry<^>lit<^*  gla^a  or  hoUcad  pGrcdain*     (See  p.  291.) 

EnniLih  FTitie  porcc'iaiD-     Eitgliftli  tender  porcelain  consists  of  a  plastic  clay,  so-caBl 

China  day  or  Cornuh  stone  ^  a.  weathered  pegmatite*  with  tire -clay  and  bone-ash,  H 

addition  of  the  latter  is  due  to  Mr,  Spade,  in  1S02;  recently  phosphate  of  calduH 

as  apfttito,  phosphorite,  staflelite.  or  sombrerite,  has  been  substituted.   The  gkzoi 

composed  of  Cornish  stone,  chalk,  firo-bnek,  borax,  and  oxide  of  lead.    The  arlid 

must  be  baked  before  glazing,  as  the  glaze  is  so  much  more  eftsUy  meltible  thao  tl 

iKrtly  of  the  article ;  and  in  this  second  firing  lies  tho  difierenet^  between  the  manfl 

fiioture  of  t^ndf^r  and  f>f  hard  porcelain.   Lihard  porcelain  the  melting-point  of  tl 

glaze  and  tho  body  are  tho  same.    English  porcelain  is  far  less  solid  andm^ 

to  crack  than  the  hard ;  upon  the  other  hand,  English  porcelain  is  the  more 

and  can  be  produewl  at  a  lower  temj>erature  in  saggei-s  of  inferior  firen 

quail ti(«s,  consequently  at  a  less  expense,     Tho  burning  takes  plac-e  in  a  stage 

with  anthracite  coals,  the  articles  being  placed  in  saggcre.     Tho  glaze  is  apj 

immersion*     Eecently  boracic  acid  has  been  largely  employed  in  glazing 

porcelain. 

Pkriai*  ind  c»rratB.      PaHan  i")  an  luiglazcd  statue -porcelain,  fiLmilar  to  Enjcrli&h  poi 
but  HI'  <ro  difficultly  fusible,  eontainiag  lens  flux  and  more  ailiou,     Tht^ 
ftUght  yellow ,  the  surface  is  wax-like.     Parian  was  first  prcpaiftd  by  T 
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yellow ,  the  surface  is  wax -like, 
althonijh  the  idea  wa^  not  now,  as  before  this  time  Kuhu,  of 
fttwtit*  M  and  mednllions  of  porcelain  in  imitation  of  marble.     Tli' 
U  very  \^riable  ;  mnw  on  l>eing  tested  jidd  photiiphAie  of  c&lGiuiii»ot<u  z>  smcar*^  or  uhhuj 
■nd  a^in  Nonie  ortntuin  <»nly  kaolin  and  fcUpar. 

Canura.  i>»i>  named  tn  its  imitation  of  the  marble  produced  from  QoxTua  in  TafleiQ9v| 
intenncrtUate  to  pariau  and  atoueware,  ia  lees  transparent  tlian  pariaai  and  "* — 
whiter  in  colour. 
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m.  Stoneware. 
Stoneware  differs  entirely  from  jyorcelain ;  it  b  dense,  sonorous,  fine- 
jn/d  ;  does  not  cling  to  tlie  t*>ngue.     It  m  semi-fused  and  opaque.     Even  fine 
JTrhite  stoneware  is  different  from,  porcelain  in  transparency,  being  entirely  opaque, 
[llthougH  in  some  other  respects  similiir.     Stoneware  is  distinguialiod — 

1,  As  porcelain  glared. 

2,  As  white  or  coloured  unglazed. 

3,  Aa  common  stone wai'e,  salt-gloised. 

Jibe  fine  wliite  stoneware  is  made  from  a  plastic  clay,  burning  wliite,  and  not  very 
Ijifrictory.  To  the  clay  is  added  kaolin  and  fire-clay  with  a  felspar  mineral, 
IgOieraUy  Oomish  stone,  as  a  fiux.     The  glaze  oontalns  oxide  of  leml  and  borux,  and 
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I  trangparent.   The  flux  is  used  in  the  making  of  stoneware  much  more  freely  than 
1  JxirceUin,  in  the  proportion  of  more  than  half  the  weight  of  the  mass.  It  foOows 
tiuit  stoneware  can  ho  burnt  at  a  lower  temperature  than  porcelain.    The  aiiiclea 
21 
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;  of  the  salt  the  openings  of  the  oven  ore  closed  for  some  time,  and  then  a 
qaantitv  of  salt  is  introduced.  Tho  eilica,  witkthe  adsiHtimcu  of  the  steam, 
Kwestho  Siilt  into  hydrocMoriL-  acid  aiid  notla,  with  whicli  it  eombiut^a.  Thu^ 
I  formcMl  on  tlio  suH'aco  of  the  ware  a  glaze  of  silica ty  of  snjit  and  aluinina, 
t  wiJl  ta^ko  up  more  than  50  p«r  mnU  silica,  according  to  Leykauf' a  expori- 
^erefore^  tho  moro  silica  iha  butt^jr  glaze.     An  qvqjx  of  moderate  ai^&e  will 
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joo  pounds  of  aalt-  the  purity  of  tbo  salt  is  not  a  siibjeot  of  much 
ration^  Tho  gLao  is  colourleas,  and  Lho  vo&se  lapjMjars  tho  colour  of  the  clay, 
are  that  ib  unequally  coloured,  one  part  brown,  tho  other  gr^y,  has  been 
t  to  that  state  by  the  escape  of  hydrocarbons  into  the  burning* room. 
4Wtrv  LA^qneri^  waiv,  known  hh  Tfirelito  and  Sidendite  ware  in  iiQrth<»ni 
I,  «id  manufat'tuT^d  by  the  iirm«»  of  Villeroy  and  Boch,  of  Ilre-sden,  is  an  iut^r- 
WATtn  U>  fine  and  common  at«>neware ;  it  has  no  ^laze,  bnt  n  string  surfaoo  colour 
iiih  or  la<KjTier.  CandleHticfc^,  bowl?,  flower- vitf»c«,  jag*,  flower-pot«,  t^»agket», 
isheo,  fniit-<lisheH,  &c.,  art?  formed  from  this  ware,  and  baked  in  stiggem  in  the 
fttm^.  Greftt  cjire  and  att^rition  are  requiitMl  in  burning  the  wars.  The  colour 
ee  h  mlxfn}  with  varnish  thinned  with  turpentine  or  liniiecil-oil,  and  applied  with 
The  wnaro  is  then  plained  in  a  wlow  oven  ;  the  ethertal  oils  volatiliae,  and  the 
mlioiur  beoomea  fixed  to  the  anrfiice  of  the  ware* 

IrV".  Paye^ce  Ware. 
Fayouee  war©  (English  fine  atonewaro)  derivet  its  name  from  tho 
nzii,  in  the  Italian  States,  whero  tho  waro  was  skilfully  nutdo.  lu  tho 
htry  the  Spanish  Moors  manufactured  fayence  in  the  Island  of  Majorca, 
thi?  present  Majolica,  the  slight  alt<?nition  in  tho  manner  of  8p4?lling  being 
ed  for  by  Dante  in  his  "  Tra  isola  di  Capri  <  Majolica,^'  on  tho  ground  that 
ST  Tnacan  writers  spell  tho  name  of  the  Ifilimd  *'  Majolica  **  Tho  industry 
l4  from  tho  13th  to  tho  15th  century  ;  from  that  to  the  17th  it  culminated, 
iiCommence<l  to  decline.  In  the  middle  of  the  t6th  century  Bernard  Palisay 
"^  the  war*)  known  as  Pali^-^sy^fayenco  into  France-  Palissy's  celebruted 
usirt^fua  consist  of  ware  ornamenti-»*l  with  fish,  fruit,  vegetJihlos,  &c., 
y  oolour^xl  in  enamel.  The  body  of  porous  fayence  ware  is  earthy,  and 
9  the  tongue »  It  is  opaque,  with  more  or  les3  plasticity,  and  little  or  no 
ty*.  It  consists  generally  of  phistic  clay,  or  a  mixture  of  this  with  commoD 
clay.  It  diflfers  from  clay  waTO  in  the  emploj-ment  of  finer  materials,  maui- 
witli  greatfir  care.  Fine  white  fayence  is  distinct  from  common  onamelled 
Fine  fayence  (seml-porcelain)  consis^ts  of  a  plastic  clay  with  pulverised 
r  fire-bricb*,  '^inth  kaohn  or  pepTuatito  aud  febpar  minerals,  It  remains 
fter  burning,  and  ia  coateil  with  a  transparent  glaze.  The  ftiyenoe 
different  countries  differ  greatly ;  some  are  easily  fuaible,  others  again  are 
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burnt  to  a  high  temperature.  The  carapoBJtion  of  the  j>laze  is  thprefon?  yery  mri 
Common  Ume  faynnoe  is  a  mixture  of  potter^s  or  plastic  cLiy,  marl  (clny  with 
carbuniite  of  lime),  or  quartz  and  quartz-sand.  It  is  charactemed  by  cot. 
15  to  25  per  cont»  of  Hmo,  that,  at  the  low  tempemturo  at  which  common  fn\ 
burnt,  only  lost»s  a  portion  of  its  carbonic  acid.  Tho  common  fkyence  ware  ia  ihtis 
eivsily  di s tin gfui shed  from  other  wares  by  its  property  of  efferresciug  when  an  adl 
is  poured  into  a  vess4_4  made  of  this  ware.  Its  fracture  is  earthy;  the  colour,  con- 
ftoqupnt  ufion  its  contaimng^  2  to  4  per  cent,  of  oxide  of  iron,  a  decided  yellow,  so  Uut 
an  opaque  glaze  is  employed.  Thu  glaze  or  enamel  conti:iin8  usually  oxide  of  tin, 
oxide  of  lead,  alkalies,  and  quartz.  The  moru  oxide  of  inm  and  lime  contaiited  ia  the 
mass,  the  low*'r  thf>  temperature  required  for  burnings.  Payence,  like  pt»reeliiiii,  is 
twice  burnt,  fij'st  without,  and  finally  with^  the  glaze.  It  is  burnt  in  ciaggi^rs ;  tbl 
ware  is  placed  in  the  sagf^ers,  and  those  are  piled  one  upon  the  other  in  the  fiiniioe, 
with  a  loyer  of  fat  clay  between  each  pair.  The  articles  stand  in  the  saggere  upon 
small  tripods  in  order  to  expos©  aa  small  a  contact  surface  as  possible.  The  hard- 
burnt  ware  has  next  to  be  glazed.  A  thin  pulp  with  water  is  made  of  the  mateiiids 
of  the  glaze  placed  in  a  cistern  into  which  the  articles  are  dipped.  The  glaase  usually 
consif^ts  of  fLds|>ar  (Cornish  stone),  fire-clay,  heavy  spar,  sand,  borax,  and  boracic 
acid,  crystal- glass,  soda  and  nitrate  of  soda,  white-lead,  minium,  nml  smalt.  Th» 
comjiosition  of  this  glaze  ia  ordinarily  very  complicated,  but  the  essential  consti- 
tuentft  are  silica,  boracic  aoid,  alumina,  oxido  of  lead,  and  alkali.  Bocently  the 
Penivian  mineral,  so-callod  Wza  (boriite  of  soda  and  lime),  has  been  employed.  The 
addition  of  lead  seires  to  render  the  glaze  easily  fusdble,  while  the  felspar  im]t«rti 
the  softness  characteristic  of  a  lead- alkali  glaze, 

^^^^^^  Fayence  ia  ornamented  by^i.  Painting;  2*  Casting;  3. 
4,  Lustring.  Painting  is  usually  done  with  the  brush,  partly  imder,  and 
upon  tbe  glaze,  Tho  glazing  oven  not  attaining  so  high  n  temperature  as  the  ] 
hiiii  oven,  the  colours  are  not  affected  by  the  heat.  The  colours  used  axe  oxide  itf 
chromium,  oxide  of  cobalt,  oxide  of  iron,  oxide  of  antimony,  &c.  The  rose-  ud 
purple-red  colours  are  obtainetl  from  gold  preparations.  The  pink  eolofur,  vamir 
tion  pink,  wa«  discovered  in  this  country,  and  is  essentially  a  protoxide  of  duo- 
mium.     To  make  this  colour — 

Stannic  acid     , .      . .      . ,      , ,      100 

Chalk        34 

Chromate  of  potash       .  .     .  .  3 — ^4 

Silica        5 

Alumina  ,  .     .  .     .  .     .  ,     .  »         i 

are  well  mixed  and  allow*:Hl  to  stand  for  flotue  hours  in  a  strong  beat.      Thel 
oppears  as  a  dirty  rose-red  colour,  attaining  its  full  brilliancy  when  washeil  1 
water  acidulut^nl  with  hydrni-hloric  acid.    Tho  casting  consists  in  the  fayenc«  1 
receiving  a  surface  layer  of  coloured  ehiy  m  any  required  part,  independently  of  i 
colours  of  the  mass.    These  coloured  clays  or  clay-washes  are  made  of  the  <ii 
nary  fat  clays  and  metallic  oxides.     The  printing  is  accomplished  with  the  aid  < 
thin  tissue  paper,  upon  which  tho  pattern  is  fir»t  printed  from  a  copper  phit«,  1 
afterwards  transferred  to  the  ware.     For  black,  a  mixture  of  forge -scflJe,  3 
fieee,  oxide  of  cobalt,  or  chrome-black  is  employed  ;  for  blue,  oxide  of  coba 
with,  for  bright  blue,  fire-brick,  and  for  loss  intense  colouns,  heavy-fpAr,  bcfh  i 
.gOttnae  being  pulverised.    This  mixture  xs  burnt,  the  frit  ground,  an«l  mixed  1 
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[Uttl  parts  of  flint-glass  and  firo-cLiy.    Copper  pktos,  in  wliich  the  pattern 

\y  cut,  aro  charged  with  colour  mixed  with  Unaeed-oll ;  o.  transfer  is  then 

on  the  fine  "pottery  tisijiuo''  paper,  and  luid  on  tho  ware.     By  moans  of  a 

fcr  the  csolour  ia  caused  to  leave  tko  puper,  which  has  been  previously  moistencMl 

Water,  and  adhere  to  the  wai*©.     Tho  papcjr  is  then  washed  off,  and  the  article 

to  tho  kiln, 
in  OaiMia.  Flowing  colours  are  much  employed  in  ornamenting  fayence.  The 
kioti  fayonoe  or  dolf  ware  ia  colonred  bluo  in  this  manner  by  means  of  prot- 
I  of  cobalt  mixotl  with  thtj  ^huo.  When  tho  vessels  are  Uikeu  to  the  burnintF- 
*a  mixturo  of  chloride  of  (silcium,  cliluride  of  load,  and  clay  ia  also  introilueed 
pnuill  plate.  The  protoxide  of  cobult  ia  converted  into  a  chloride  by  conildu- 
rith  the  volatiliijed  materials,  and  in  tarn  combines  with  c  umponents  of  the 
'  of  the  vesiseh  By  this  moans  the  articles  obtam  an  apparent  trau!*parency 
hat  similar  to  the  charaoteristic  of  porcelain. 
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ik.       Some  kunls  of  ware  hare  a  &<M>ond  coating" — a  metallio  lustre  or  ghue— ^Tcn 

pBk  after  burningr.     Gold  Lustre  :  Tho  different  kinds  of  f^eld  luntro  are  very  Hiinilur 

bc«d  not  be  detuUed.     They  at^^  eaaentially  composed  of  fulmLaating  g-old  and  baU^itn 

Iphnr,  the  latter  prepimHi  by  hoatbiK  linseed  oil  and  Hulphiir  together.     Platinum 

\t :  This  is  obtauieX  by  mixiuflr  anliydrous  chloride  of  plutiunm  with  lavender  oil  or 

^  of  sulphury  al*:*  by  tbi?  well-kuown  precipitjititm  of  pljalnuiu  by  sul-animoniae. 

\  Jjastre  is  either  a  yellow  lustre  or  a  cjinthiiridiue  hi^tiVt  flO'Calknl  from  its    Himi* 

ia  appaaranee  to  the  wing-case  of  the  Spani."*h  fly  [dttithari*  timr<4torni).     Bulvetat 

M  that  chloride  of  silver  may  be  employed  as   a    yellow  lustre,  Nimilarly  to  gold 

rations.      The  oantharidine  lii«tm  in  g.r>norally  a  yellow  lustre,  the  difference  l^.ing' 

is  only  nvjd  for  white  i^rouud^,  whdo  the  form  *r  i*^  employed  for  blue  groundr^  on 

k  it  appears  .«iUghtly  tinijr-^  with  green.     Ct>pper  Luntre  i^  both  red  and  yellow;  it  is 

^or  Spanish  favenee  and  Majolica  wares.     It  in  chiefly  formed  by  a  silicate  of  ooppt^r. 

of  lerul,  ur  load'hL?jtre»  is  merely  a  lead-g^laz*>.     Chloriilo  of  silver  mixed  with  lead* 

ia  naiaeerl,  the  reiidt  being  a  deposit  of  a  gold-jellow  or  a  aOver-white  colom*  accord- 

the  proportion  of  sUver. 

ytm%.       Tho  rases  of  the  old  Romans  were  a  kind  of  fayeuee  ware,  eontainincf 

.nd  formal  of  a  clay  decomposed  In'  quartz,  011I5'  alig^htly  burnt,  sonutinies  nng^hized, 

t'  ted  with* an  easily  fusible  ^luze.     The!ie  va-sea  and  artieles  are  relebrated 

lie&uty  of  form  than   fur  any  i>eciiliarity  in  composition,  whieh  is  very 

l^_^.^  :.  ihe  wflU-kuown  dolf-wure  of  whieh  our  table  serWcea  arc  made. 

ta>  In  the  manufaetnre  of  elay  pjjH'rt  there  is  employed  the  bcautifally  wMte 
y,  cont&inii^^  neither  iron,  Biiud,  nor  earbouat*  of  lime.  The  clay,  if  pure, 
hi  tmms  white;  bat  occa'donrtlly,  when  a  yellow  colour  appears,  tbeelay  is  burned 
[loa^r  time,  whereby  the  oxide  of  iron  colouring'  the  elay  i§  removed.  The  pipes 
pmnsd  in  a  mxild  similar  ia  shape  t*j  the  pipe.  A  ndl  of  elay  is  taken,  and  eare- 
,  spread  out  to  the  leng^th  of  the  ptp'.  Thi'  mould  is  constructed  in  two  hiilven. 
Id  tt^gi^ther  like  a  m>er«ehaiiTu  pipti-r um^^,  ami  is  generally  of  iron.  The  roll  of  <  lay 
Lced  on  tlie  lower  half  of  th'j  jw  ndd,  and  the  other  half  is  thou  pie.HJ^ed  or  ncrewed 
f  A  wire  ia  then  pOLahed  up  the  eutirg  U^tgth  of  the  tttenL  The  pipe  ia  then  taken 
K  the  mould,  and  f^et  a-side  to  dry.  It  is  afterwards  taken  to  the  oven,  where  about 
ps  of  pi  pea  are  iotrodiieed  into  eaoh  sagH^er.  Tho  tuiggers  are  Imug  clay  tubes, 
^m *s  tlie  oip'ii  are  burnt  without  saggera.  To  prevent  the  pip<^  adhering  to  the  lips 
Icoant  of  tie^  non>"jity  of  tho  clay^the  cad  put  to  the  mouth  is  mbbod  with  a  mixture 
jgpt  wax^  and  lime-water. 

^Oi»-4}ft*t.  The  Spanish  water-cooling  vessels,  or  akarnun^^  are  made  of  a  porous, 
€»»rthenware.  The  constant  evaporation  of  the  wat«r  exuding  to  tho  outer 
r  of  the  vessel  causes  the  water  t^j  he  k-^pt  cool  in  the  hottest  cUmatea.  The  ves^aLs 
ily  slightly  burnt,  Aceording  to  Sallior,  water  can  be  cooled  15**  in  an  alcarraza, 
IStrvres  ware  only  pfrmits  of  the  co^jllng  of  its  contents  in  a  similar  manner  some 
K'.  *  These  vessel*  are  known  in  Franco  as  ft^drcctratnfM.  In  thin  country  Egyptian 
1  and  btttt^r-eoolers  are  very  common,  while  in  Egypt,  Spain,  Turkey,  the  ludien,  and 
licas,  they  an?  really  necossariea.  In  Bengal  thesie  cii>ulors  are  made  from  the  mud  of 
»ange^.  *  In  the  Levimt  they  are  termed  fnildaqneit ;  In  Syria  and  Kgypt  coiltM  or 
r  while  in  many  places  they  ore  abo  known  as  gargotUettt^^ 
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V.  Cbaoiosr  Potteby. 
I  Fottcry.  To  distmguish  betwoeo  the  different  kinds  of  this  ware  m  extrBmely 
difficult*  The  manufacture  is  entii^ly  diBtmct  from  the  preceding.  For  tl»e  i 
called  whito  pottery,  ustxi  fur  culinarj"  purpoac^s^  ordiuary  potter's  clay  is  employe 
Jind  for  browii-ware  a  m">denitoly  n^fnictory  clay.  The  uatural  clay*  are,  aa  a  i 
loo  fut  to  be  used  without  the  addition  of  some  other  material,  generally  i 
besides  sand,  tire-brick ,  ebolk^  charmotte,  and  anthracite  coal-aah.  The  to 
are  formeil  upon  a  pr>tt*T*8  wheel,  air  dood,  and  then  glazed.  The  employmeut  ( 
n  lead-ghue  was  but  a  short  time  ago  unknown  in  the  glazing  of  this  kind  of  Va 
Ordinarily  the  mass  is  white  or  yellow,  »oinetimes  brown-rod ;  the  glaxej 
transparent »  the  colour  of  the  body  or  mas8  is*  always  apparent.  Partly  1 
the  ware  is  very  easily  fusible,  ajid  partly  because  a  low  heat  is  used  in  the  bam- 
ing,  the  gla7.e  must  alsoboTery  easily  fLUstble.  For  this  reason  a  lead-glaae,  formixi^ 
an  aluminium  and  lead  glass  is  very  a|>pliciible,  and  is  employed  mixed  with  loam 
(clay  and  sand).  The  materials  are  ground  and  very  intimately  mis^  )n  a  lyiad- 
milL  The  lead  URcxi  ia  generally  a  lead- glance.  During  the  burning  the  lead- 
glance  IK  rnasttd,  and  the  sulphur  is  driven  off  as  sulphurous  acid.  The  uxideof 
lead  combines  with  the  silica  and  alumina  of  the  loam,  or  mixture  of  sand  aq4_ 
clay,  to  form  aluminium  lead  and  silicate. 

The  glasii]g  of  the  air-dried  ware  oftu  \m  performed  in  three  ways ;  etthf?r  by  imme 
by  »i)nuMinjK-,  or  by  duj*tiiig.     By  iinmertjion  the  workmau's   haud^  come  into  ciHiti 
with  the  lead-con taining  ^IjiiRij',  with  detriment  both  to  hia  health  and  the  adhering  of  t 
glnze   if  his   handH  whould   be   grcusT.     This  method   is  not  thcPL-fore  often   emplo 
Sprinkling  is  g^nendly  ftdopted.    In  du«tiiur,  the  wiire  it»  fir>.t  imrner»eti  in  a  pu!p  of  f^t  c 
and  thi?u,  while  Htill  iluinp,  thi^^tod  with  the  finely  pulvt^riMinl  glaze.     Tlie  d>tug«(r  of  I 
prnce»s  U  the  inhittiii;/  of  rbe  fine  p:irticle?<  uf  jciaze  floating  in  the  air  of  the  worf 
>\lien  the  oxide  of  lead  is  priJiK-rly  proportiuufd  to  the  tdlicti  i»f  the  tbiy  or  lo 
resulting  kiad'^la}*fl  ia  not  affected  by  ortiinnrt"  organic  aeich*.     But  if  the  oxide  ill 
not  well  cumbinerl  with  the  Bilica,  it  will  Vte  di»j«>lTed  by  boiling  vinegar-     The  vx^ 
of  Bui>hner,  A.  Vojr»4,  Krleumf^yer,  and  others,  hii,vp  lihown  that  the  inaolahility  I 
glaifte  ia  not  fuj  grerit  u.m  hnn  lie€»n  i»nppi(»e  ',  ^-ery  dilat<?  Tinegar  in  nome  caaefl 
eient  to  effect  a  j^nhition.     The  um^  of  vpss«lf*  thiL«i  g-luzed  muy  fifir— *^  — -  *- - 
influenee  npou  the  health  of  a  fRinily»  and  it  becomes  necesBary  to  it  nnt 

some  euilwtitate.     All  in  jury  likely  to  aecnie  from  the  une  of  this  ^^         ^  nwT*4 

if  the  potter  would  but  re-bum  imperfect  ware,  or  employ  ovenjs  of  tb^  bi?et  outialniirtim ; 
but  this  \»  not  alwayw  the  ease.  Recently  the  prr-paration  of  a  glaxe  fro©  from  hatA  iMf 
bern  uttempted,  hy  employiugr  wotfr-gla^fi.  or  a  miiture  therewith  of  boiate  ot  link 

Bwn^nit.       Tlie  prlttzed  vessels  are  next  taken  to  the  ovpn,      Tliis  w  genffrally  a  n?r 
tory  fumacf',  2\  to  2}  m^'tTeH  in  height,  and  7  to  10  metr^i*  in  Ifmgtn.     At  one  «fiid  in  1 
fire.^rnit*',  and  at  tlve  other  the  chiiuuey.     The  vesw'b  are  burnt  without  »ag*?ipT»,  \ 
exjKwetl  to  the  f uU  influonw  of  the  flame.     The  fire  i»  fit  first  kept  low  for  eleven  to  iwdq 
hourM.  and  then  mnintiinetl  stronsrly  for  four  to  five  hours.     The  vesseU  can  be] 
from  the  oven  about  eighteen  to  twenty-four  hours  aftor  being  burnt. 

Yl.    liRlcK-  AK1>  TLLE-M,VKIJrQ,  &C. 

lirick..      This  tnnnnfaeturo  muy  be  said  to  include  brick^making,  tile-making,  1 
tlie  manufiiclure  of  tiirni-cottu  {^oi>ds,  and  nwi^i  not  b©  confounded  with  the  aocuaill 
Eifj'ptian  motbod  of  making  air-dii^nl  bricks,  still  pursued  for  some  minor  purpcott 
In  order  t-o  the  better  cQiiii>rf^hen.«(inn  of  the  methods  of  brick-makings  w©  will  firti 
consider  the  preparation  of  the  matorial.     This  may  be  divided  into — 
The  preparation  of  the  clays ;  * 

The  moulding  of  the  brick  ; 
a.  By  band, 
J9»  By  machinery ; 
The  bunting  of  the  dried  brick. 
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The  term  terra-cotta  ware  generally  includos  the  bumtj  niiglazed 
or  red  cUy  ware,  and  also  tiles,  employed  in  building  iind  arclii tectum] 
iiniGtitatiou*     The  preparation  qf  this  ware  is  almost  entirely'  mocliuiiical^  and 
not  ^ill  for  any  t\irther  elucidation  in  this  work  than  will  be  fuuiid  in  the 
t>wing  pftg«^  deiicriptive  of  the  class  of  manufacture  to  wliich  it  l>-'lougs, 
tiui#rk4L      \'arious  clays  are  iLscd  in  brick- making.     Usually  those  only  are 
etrd  that  will  foiin  a  hrirk  capable  of  bearing  a  considerablo  strain.     In  tho 
liag  u  U>!*t-brick  ia  employed,  which  is  removed  fVom  time  to  time  to  see  the 
J  of  Ihe  fii-e,  to  prevent  the  ovor-buming  of  the  bricks,  or  the  lowering  of  the 
►  till  th«^  brickH  are  ftuniri♦^ntly  burnt ;  but  this  brick  must  not  be  confounded 
I  another  test-brick  for  the  following  purpose.   A  brick  in  made  of  any  now  cJay 
^be  test«?d,  and  m  set  apart  in  an  active  kiln,  b<iing  burnt  at  the  &ame  temperature 
l_the  bricks  of  this  kiln  afterwards  sent  into  the  trade.     By  the  qualities  of  this 
-brick  the  nature  and  worth  of  the  new  clay  is  judged.    A  batch  of  bricks  should 
aposcd  of  clays  that  may  all  bo  burnt  at  the  same  temperature,  else  very 
!|iia]  n?«uU«  will  follow;  some  bricks  will  be  under-burnt  and  some  over-burnt, 
tic  only  those  bricks  to  the  clay  of  which  the  tempenituro  is  adapted  will  be  of  use 
aercially.     A  brick -clay  containing  much  carbonate  of  lime  can  be  burnt  at  a 
'  low  temperature,  and  indeed  bricks  so  ajmpoaed  are  very  fi4>lid,  and  huvo  great 
jility.     Brick- claj^ij  often  contain  felspar,  mica,  hydrate  of  oxide  of  iron,  phos* 
(  of  iron,  bcridea  organic  matter.     "WTien  these  are  not  in  large  quantitiea  their 
ence  is  not  detrimental.    Mica  and  fel^iMir  with  oxide  of  iron  act  as  lluxea,  and 
\n  known  ijuantities  are  useful  rather  than  pernicious*    Flint  etonea,  large  pieces  of 
lite  of  lime  and  gypsum  interfere  with  the  eaisy  applicability  of  brick-clays. 
ir  pyritf*  render  claya  nnauit^Hl  to  the  manufacture  of  bricks,  as  the  sulphuret 
rou  remaining  in  the  brick  aft<^r  burning  oxidise?*  in  the  air  ix>  Fuiphate,  which  in 
hort  time  weathers  out  and  renders  the  brick  brittle.    In  the  Netherlauds,  in  the 
dee  m*ar  London,  on  the  banks  of  the  Ganges  and  Nile,  in  thti  mouthh  of  rivers, 
;  in  nearly  all  clays  exposed  to  the  ebb  and  flow  of  water,  is  found  an  admirable 
Brial  for  brick-making.   Since  185Z  a  mixture  of  limei  river  sand,  and  wat'Or  has 
I  oxteustvely  used  aa  a  brick  material,  and  for  other  building  purposes. 

hot  ili*cva7«.     The  excavating  of  the  rltiy  for  nmking  brirlis  is  carried  on  in  the 
or  iipring.     The*  day  b  plac^ed  in  not  too  high  a  layer,  .and  allowed  U>  weather. 
I  VfTT  a^lvantageoiia  if,  durinju:  thu  weathcTing,  a  frost  sets  in.     The  clay  i^ii  nllowed  to 
-      ..j,(l  to  iitnio&7>lu'rit;  inlliiipnce  until  it  becomr    i       -     ,]-  marshy.     In  this 
'luirht  to  a  t*iTik  dng  in  the  ground,  4  1  _%  2  rat^tres  broad^ 

I    drpth,  where  it  is  mijccd  with  about  aa  is.  r  U3  will  at^rnd  to  a 

ht  oi  o  i-'vntiuiHtre^  in  the  tank.     So  soon  as  the  clay  i*  Diumughly  Hatiiratcxl  it  ig 
lied,  tJmt  is  the  brick-maker  fastens  hoards  or  wooden  shoes  to  hL*<  f^rt,  and  cape- 
over  the  clay,  picking  out  all  the  flint*!,  &o,,  which  resist  the  pn**age  of  his 
*  the  lM:»ttum  of  the  layer.    Thin  prcjcctks  ia  repeated  two  or  t\\n>v  time'*.     Sand  is 
ded  to  1)1 '    '^  '^       Tf  the  clay  is  fat  the?  mixture  is  proctHxled  with  ;  Imt  if  it  is  a 
iy  it  IM  ii  IS  to  waj*h  out  a  portion  of  the  sand.    This  may  h^    ffocted  in 

The  '-  ik  just  deserih4?d  may  be  inundated  with  wHt**r,  and  the  sand 

tfl  ftt-ttlt?  to  tliti   b^jttom ;  or  the  inixed  sand  and  clay  is  placed  in  a  large  w<x»deii 
»  with  a  h'>le  in  tlie  nide  near  the  bottom  stoppofl  with  a  plug.     Win  n  the  water  ban 
hly  h  ^  d  the  clay  it  I8  lr*toff,  carniiD^- part  of  the  wind  mfh  it.    Or  the  clay 

\  stinwl  v.  iter  to  a  thin  pulp»  and  allowiid  to  run  out  of  the  wtx«l»?c  ei«t4^m 

L^gTouiAi.  ~ V.  hi.'re,  with  the  water,  the  aand  settles  to  the  bottom.     London  ohiy, 

pnoiitly  alluvial,  hii4*  to  be  very  carefully  treated  to  freo  it  from  flint  stones,  &c. ; 
crwar»iii  mixed  with  ash  or  wind. 

•trcftdini;'"  of  the  cbyii*  at  the  present  time  performed  in  miE-^,  termed  "pug" 
'  washers."     At  the  late  Intemational  Exhibitiuu  (li^/i)  ^veriil  machines  werQ 
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GjJubitod  for  performing  the  whole  prooeM  of  brick-mjUciti^  ocmtiiLiioiik] j.     Aniosg  i 
ira«  the  throG-process  brick-imikiiig  machine  of  Messrs.  Qajtoii,  Sod,  and  Howktt,  < 
th©  Atliis  Workii,  and  <x»mbiiiing'  at  one  operation  cnxshing^,  pii^jring,  and  brick-matin|  _ 
The  pouj^h  clay  w  thrown  into  the  happ<?r  of  the  machine;    in  this  hopper  rpvolre*  •" 
shaft,  upon  which  are  keye<l  several  imiitll  knivea   to  cut  up  the  claj^  prevloiKsl|'  to  itt 
being  enii*ht"d.     It  next  paascH  throuiirh  a  piir  of  crushing'  roller^     '^^  *«w^-      rf.^c 
reduce  any  Rtonea  or  bard  lumpH  of   clay  which  may  emtor,      T  ' 
preptired,  next  passes  into  a  hom^ntai    pugging  or  mixing  cylif 
wh^rt'  it  is  mbced  by  tho  pug-knives  tixed  uprm  the  central  shaft.   Thukiuv**  Ikiiutif 
towiiitU  tile  fvirtlierend  of  the  cylinrlcr,  where  it  ifl  received  by  rollers  and  forced  i 
tho  dieH»  forming  a  smooth  bar  of  clay  of  tho  width  and  depth  of  u  brick.     Thi«1 
cut  into  the  n^quircfl  lengths  by  wire^.     Tlie  macbine  is  oapnble  of  producing  20^000  \ 
3O,0C¥j  brick.-*  per  diem,  and  W  perhaps,  tlitj  bc8t  of  its  idasii.     Mr.  Bawden  ba«  ix*nj*tniitt^ 
a  machine  in  which  no  ruUert*  or  crushers  are  employ eil,  the  clay  being  turneil  nut  1 
wet  and  as  sttft  iia  in  haiid-iuoulding-  One  horse  will  pug  the  clay  and  mould  from  I2,o0oi_ 
15,000  bricks  iier  day.  It  onn«iftta  of  a  square  pug-milJ,  tbrouifh  which  runs  a  vertical  fiblfll^ 
bearing  f>uir-knives.     On  the  top  of  this  sduvft,  alxive  its  Ixearing,  L*  attached  the  hunl^>poi^ 
which  gives  motion  to   the  whole  maehino.     Upon  the  lower  end  of  the  fthaft.  wWi 
passes  through  the  bottom  of  the  pug-niill,  ia  a  whc-el  having  two  cam*,  on  which  tro 
rocking  ftrras  work.     One  arm  preneea  the  »oft  clay  throagh  a  grating  into  a  BLt-brick 
sanded  mould,  and  the  other  arm  ia  conneeted  to  a  slide  m  pushing  the  empty  saadeii 
rooulds  under  the  grate,  the  empty  mould  at  the  aamfi  time  pushing  the  fnll  one  oat 
Among  the  best  Continental  machines  are  thaijo  of  Henachel  ol  Uttsed,  and  of  KamEoi. 

Mimidloe the  Brick.  Tho  moulding  of  the  brick  by  hand  i^  a  rery  simple  matter.  A_ 
mould  of  wood  or  cast-iron  suificieutly  large  to  allow  for  tho  shrinkage  of  t 
material  duriug  burning  is  uBiially  employed,  Fig.  156  shows  tho  plan  (b),  and  t 
section  (a)»  of  the  mould.  Sometimes  it  ia  made  so  that  two  bricks  caq  be 
moulded  at  the  paine  time,  Fig.  157.  Tho  moulder  takes  a  ball  of  clay  and  plaowit 
in  a  sand-strowii  mould,  pressing  it  well  in.  Then  with  the  striker.  A,  Fig.  158* 
]ie  remorea  the  superfluous  clay.    The  mould  is  then  emptied,  and  the  brick  plncod 
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by  a  child  ouji  barrow,  to  be  taken  to  some  other  part  of  the  brick-lield,  to  be  son- 
and  air-dried.   The  air-dried  bricks  are  then  taken  to  a  kiln  to  be  burnt.    In  j 
cases  the  bricks  are  dried  by  artificial  heat  in  sheds,  the  floors  of  'w  hich  are  hcatl 
by  fires.    A  gang  of  labourers,  numbering  five  to  ten  per»on8»  cru  at  the  1 
produce  only  1000  bricks  per  day, 

Brkk  MoQiding  by  Mdchtocry,  The  mouldiog  of  bricks  by  machinery  is  daily  becomiat^ 
more  general.  A  moulder,  no  matter  how  experienced,  has  never  been  known  to  \ 
duce  more  than  6000  bricks  in  a  day,  and  a  continuity  of  this  labour  would  b*»  tj>« 
ii»>probubIe,  Whero  there  is  a  large  demand,  it  becomes  necesstiry  to  pnxiii 
3Q,cxx)  bricks  per  day  regularly,  and  this  can  bo  done  by  maehinety.  With(M 
employing  a  large  number  of  hamls.  Further,  the  consumption  of  fuel  ia  th« 
machine  can  at  once  be  stopped,  or  regulated  to  meet  the  domand,  while  a  hxp  ^ 
nnmljM?r  of  workpeople  cannot  always  be  dealt  w^ith  so  satisfacturily  to  the  weJ 
meaning  employer.  But  tho  machine  engrostses  a  large  ctipital  that  is  not  always l| 
be  invested,  whereas  a  number  of  bands  may  be  paid  from  the  result  of  fhetr  kboiti 
if  the  demand  is  good.  It  tliereforo  dcfos  not  always  happen  tliat  machinery  c 
compete  with  hand  labour  in  this  particiilar,  as  there  are,  in  XhxA  tnide 
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mttkera  who  pay  as  they  receive,  sending  out  the  bricks  as  eocn  as  thoy 
\  humt.     The  inauhiues  constructed  may  be  classed  as  follows  : — 
1,  Thoso  in  whlfh  the  briek  is  moiilderj  or  Uniahed  as  by  hand. 
3»  The  machines  in  which  the  moidding  procoGds  unink'rruptedly* 
5,  Those  in  which  tho  brick  is  cut  out  of  a  cako  of  clay, 
4«  Thoee  in  which  a  band  or  atroam  of  clay  of  the  length  and  breadth  of  the 

brick  is  cmt  by  means  of  knives  or  wires  to  tho  rc^quiaitG  depth. 
The  machines  tif  tho  first  class,  imitiiting  the  motion  of  the  moulder's  hands, 
iHB  oonstmctcd  of  an  iron  mould,  with  maekinei'y  or  amis  having  a  to -and -fro 
nuntion,  soujewhat  similar  to  a  shuttle  in  a  loom,  Such  a  machine  is  that  of  Carville 
of  Iflsy,  near  Puria  (Fig.  159)-  Tbt^  biitk  material  flows  from  the  pug-mill,  A,  under 
tkprt'!^  rrtller,  u,  which  is  supplied  with  water  from  the  reservoir,  c,  to  prevent  the 
day  Adhering.     Sand  is  next  ^read  over  the  clay  from  D.     The  clay  now  arrivea 

Fdo»  159. 


10itetii©prf'8S»T»g  apparatus  work*xl  by  the  una,  F,  i»nd  conntA:*rpoise^  O.  The  bricks 
1^  |M8S  away  on  the  endleas  band  of  inoukls,  I,  to  which  motion  is  imparted  by 
l^fiUisof  the  revolving  arms,  J/,  The  bricks  in  the  passage  of  tlie  moulds  over 
tli<^Qnns  aPD  shot  out,  the  chain  of  moulds  passing  through  the  tank  of  water,  rr, 
•n^ iLus being  cloan&ed*   M  is  a  box  to  receive  the  waste  clay,  mhich  is  taken  to  the 


Fio%  1601 


K 


M 


M 


■ 

B^^flL  Pig.  160  is  an  enlarged  view  of  the  chain  of  moulds ;  M  M  being  the  plan, 

Hi  tho  lower  figure  the  side  view, 
H.  Tho  secofid  class  of  machines  are  very  similar  to  the  foregoing.     Instead 
f  ihe  pHssaing  apparatas,  a  roller  is  substituted,  which  presses  the  clay  into  the 
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moulds  as  tlifiy  pass  under  it.  The  moulds  sometimes  fonn  the  periphery  of  a ! 
circle  in  tbo  Iiorizontal  plnno,  as  by  this  means  tho  opemtion  can  be  going  an  i 
several  rnllers  at  tlio  Bame  time, 

HI.  The  Tnacliim'S  of  the  third  clasa  differ  from  the  preceding  in  that  the  i 
desoendi*  upon  a  cttko  of  clay  of  the  required  thickness.     This  kind  erf  mn 
ie  generally  used  in  the  manufaetiiro  of  oniamental  hridcs,  tts  by  sahstitntiiig « 
moulds  any  deeir<^  pattern  may  be  produced* 

rV,  The  machines  of  the  f^^lurth  clasa,  in  which  a  bnnd  of  clay  is  divided  in  c 
eection,  may  ho  best  coneidered  under  two  subdiTiaions^  the  one  contiiinin^  \ 
machinu s  in  which  the  clay  is  forced  through  an  opening  of  the  proj^er  size,  th«  fl 
those  in  which  the  clay  is  prcss-ed  by  rollers  into  a  band  of  the  rr^qnii  *^d  dinao 
The  scparaticjn  is  effecteti  either  by  a  knife  or  by  cuttinf?  wires.  By  a  method  a 
to  the  firj^t  prwees,  drain  pipes  aro  manufactured.  The  machine  of  T«s 
Fougerea  is  a  verj"  fair  example  of  the  older  system  of  rolling  the  clay*  An  on 
band,  B,  convoys  the  cli*^  tinder  the  prefis-roller,  A,  Fig,  i6i,  the  tuotton 
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continued  by  the  rollers,  d,  and  the  clay  kept  to  the  required  breadth  by  the  j 
0»   Fig.  162  shows  the  cutting*'  apparatus  mounted  on  a  strong;  tinal>er  fnim«wari 
and  also  on  wheels  for  the  removal  to  any  part  of  the  shod  or  field.     It  will  1 
reudily  schbu  from  the  woodcut  how  the  copper  or  iron  wires  kept  taut  by  tho  w*i| 
F,  sever  the  baad  of  day* 

^^^^     Pig.  162. 
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Bri^kA  rrom  nrfftd  ciftf .       Pteaaed  briokfl   are  bricka  pr'swd   from  dn'*^  cby  in  whtrb  1 
niiturH]  moistoTt*  of  the  clay  i»  all  ehat  in  employ^^  to  roridi*r  tlit'  linrk  t 
pr^MAiLfG  imiHt,  the  reforms  Ix*  coiif^ideruhly  more  than   that  asr^l  in   tlm  m.ii 
flay  intu  hrirkf;  but  pre-iHil  liHiki^  arc  nuioh  iiiHrc  istilid  und  finr    ' 
a  Knudlrr  Jiuinbtr   iniikiiiji:   ji  mori'   fs^n^iir-:*   wall.      Uee    of    thr- 
for  making  thi»  kind  of  brick  ia  tluit  of  Kusm3rth  aad  Mkktf^u.  in  .     ,  _4^_^  tsiO*^ 
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Idmfuse,  n.  M  tlirou^^b  the  door,  o,  Tlie  llamo  from  this  hearth  paaeea  totlii^ 
chamber,  c,  paKsing  through  J  ancl  the  pierced  waU,  K,  and  eventually  by  L  tofl 
chimney^  N.     Fig.  164  is  another  section  of  this  furnace.    Fig.  165  is  a  plan^lil 
middle  s>tiigo.    This  kind  of  oven  efitscta  a  considerable  saving  in  fuel,  as  bricka  nal 
hnmt  in  all  the?  st^iges.  One  of  the  most  oconomical  ovens  burnings  wood  fn 
in  section  in  Fig,  166,  and  in  plun  In  Fig.  167.   There  are  three  fiio-placeB, 

FiQ.  167. 
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is  the  middle  one.  The  fire-place  has  no  grating,  but  is  vaulted  in  by  a  series  { 
bat's,  000,  through  the  interetices  of  which  the  flame  piLssRS  into  the  chanjl 
open  ut  the  top.  The  bricks  to  be  burnt  aro  placed  upon  tho  bare  ovo  trnn» 
spaces  being  left  for  tho  passage  of  the  flame  and  but  gasPs.  It  will  \u^  sc<^u  th*t 
method  of  burning  is  much  more  expensive  thun  the  foregoing,  owing  to 
amount  of  heat  wasted;  while  wood  aa  a  fuel  is  naturally  more  expensive  tl 


TiQ,  16S. 


Fig,  169, 


fttono-coal,  to  produce  the  same  amount  of  boat  With  the  form  of  oven  designs 
Curville,  and  shown  in  Figs,  168  and  169*  80,000  bricks  can  be  burnt  with  i6o  ]m 
litres  of  stone-coal.  Thus,  as  i  hectolitre  of  stone-coal  weighs  80  kilos.,  1 
as  100  kilos,  of  c<'>al  cost  3  francs  12  cents.,  tho  burning  of  the  80,000  bricks  cal 
eflfbctcd  at  a  coFt  of  400  franco  (^16),  Stone-coal  may  be  burnt  in  the  ov^n  abc 
in  Fig.  170.  The  rapacity  of  thia  oven  is  limited  only  by  the  enclosing  walls,  B  | 
thick  masonry.    The  bricks  to  be  burnt  are  placed  upon  the  sole  of  thjM 
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I  is  constructed  to  admit  of  the  freo  circulation  of  the  products  of  comhtistinn. 
I171  shows  the  method  ol  placmg  the  bricks  in  th*j  oven  ;  and  Fig,  ijz,  u  plan, 

wo  llGCirtEfi,  D  £)« 


(J.  170. 


Fio*  171. 


FiQ.  172. 
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ny  experiment*  have  been  made  with  the  yiew  of  combinin;]:  thn  huraing  of 
the  burning  or  baiting  of  the  hrlcks,  ^igs.  173  and  174  »hnw  an  oven 
this  purpose.  The  sole  of  the  €haml>erj  A,  is  covered  with  limeatone,  which 
nt  equally  with  the  bricks  placed  above  it.  The  draught  is  reguUted  by 
Lmpers  in  the  chimney,  D,  and  by  tho  oponinga,  c.  The  six  fire- rooms  are  sepa- 
I  from  each  other  by  the  blocks  of  strong  masonry,  D  and  o.  The  fuel  in  placed 
!  furnace »  E,  under  which  is  the  aah-pit,  F, 


Fio.  173. 


Fio.  174. 
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Mk  The  circiilar  or  annular  kilna  of  nullmann  andLidit,  aro  much  used, 
Ijftm^  are  in  plan  in  the  form  of  a  ring,  capj>ed  by  a  chimney.  In  each  oven 
RTs  a  number  of  chaml>er8  in  which  the  bricks  are  stacked.  One  of  these 
>ers  is  lilkMi  with  what  are  tenned  fjreen  bricks,  that  is  bricks  fresh  from  the 
The  fire  being  applied,  the  steam  passes  off  to  the  chimney.  The  second 
ber  19  then  tilled  with  bricks ;  and  when  tho  steam  has  passed  off  from  the  first 
iKjr,  the  products  of  combustion  there  aro  admitted  to  the  second  chamber 
gh  &n<?9  in  the  partition  wulL  Thia  process  is  repeated  with  each  chamber  in 
icm.  As  soon  as  the  bricks  aio  burnt  the  door  and  flui's  of  the  chamber  aro 
ti>  ailmit  the  cold  air ;  when  cold  the  bricks  are  removed,  and  green  ones 
tic«l  in  tlieir  place.  It  is  clear  that  by  this  means  there  need  be  no  interruption 
burning ;  and  also  that — 
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I  briclca  to  be  made  of  a  T©ry  li^ht  unknown  «t*)iie ;  ami  Hmy  likenfl  it  t< »  pmoioo 
But  the  eccrvt  remAUJed  Jiiddt-u  for  a  tlitiusimd  years,  until  Giuvrtniie  Fabmni,  in 
fl,  aft»r  mivny  exp^^rimi^iits,  autceeded  in  producing  a.  brirk  tbut  would  remain  on  the 
«  of  wutcr.     lire  nmterial  pmjdoye^  wn«  foHfil  meal,  found  near  SantAfiora  in  Tu^- 
It  wu->^  rajjablo  of  combininj[f  ^th.  lime  mortar,  rcir^int^^i  wut<*r,  and  was  nnaltenwl 
taon  in  t<*jupcrature.     The  Htrenjtcth  of  thet«e  l^rirkw  waw  NoariM'ly  inferior  to  that 
briekttt  and  ffr'-'ttly  more*  in  the  proportion  of  their  wei^^ht,     Fwbroni,  as  an 
at,  oonfttmeted  the  powder  magazine  lif  a  wooden  ship  of  the**e  brioks ;  and  the 
p  beiag  set  on  tim,  sank  befox^  the  explosion  of  tho  pawden    About  the  aatne  time, 


Vm,  175. 


Via,  176. 


V. 


Ct7iron,  France,  fcjund  a  foeeil  meal  possesein^^^  tho  prjUK-rtiLt*  of  that  ft»und  in 
\  %uA  in   1^32,  the  laboura  of  the  Count  de  Nant^«,  and  *jf  Foumet,  a  mining' 

, ^of   Lroni^,   found  an  applicsation  for  these  brickfl.      The   powder  maja^azinest, 

eWaiT'Raih'yw,  the  hearth  of  the  steam-engine^  the  fluon^  the  spirit-room  on  board 

ail   be  made  of  these  bricks,  and  tiie  chance*)  of  fire  reduced.     Tliis  kind 

y  also  useful  for  the  vaultij  of  07eni«T  &c.,  in  whieh  a  high  temperature  is  main-* 

tbcy  »re  infusible,      Kiit^ing  found  that  these  hrieka  contaituMl   immense 

^of  tli<?  m^ifTo^opia   silioeoujB  shells  of    infusoria.      While    an  ordinary  briok 

\  kilos » the  weigrht  of  an  equal  Imlk  of  this  infufkiria  clay  is  only  0'4S  kilos* 

wnx  it  swum  like  a  oork.    The  Btrongx^st  porcelain-oTeu-fipe  ilia  without 

i  it.     By  the  addition  of  clay  or  lime  the  nmiu<;as  and  tenadty  ol  an  ordinary 

»*  f>l>tftin<*d- 

l'ri(;ki*  arc  made  by  adding  to  the  clay,  ooal-dust,  «aw-duafT  turf,  tan, 
vere  uj^d  for  building  purpo&er^  in  Nurembura' in  the  14th  and  r5th 
:  M.ix.it.  >><  were  built  of  tbem.     In  Southern  Bavaria,  alight  brick  made  from 
t  of  turf  and  sand  lime  has  been  in  use  for  many  yeara, 

Fire-bncks,  or  bricks  made  with  fire-clay,  are  employed  instead  of 
brieks  in  the  conatrut^tion  of  fumaoes,  and  all  placea  exposed  to  an 
igh  tetnpcratiire,  which  would  melt  the  common  brick,  Theso  bricks 
und  aUnnina,  but  little  or  no  lime,  protoxide  of  iron,  or  ulkaliefl; 
r  llie  clay,  to  i>rovent  contractioii  in  burning,  is  mixed  with  alroudy  burnt 
nd,  carbon  (oonl,  cuke),  &c. 
JThe  jirocees  of  manufttctuiing  fire  bricks  at  Stourbridge  is  so  adtnirably  described 
Til  uttimnt  Grover's  *'  Eoport  on  Fire-clay  Goods"  in  the  International  Exhibi- 
n  t  1871,  that  tho  parlicu]ai"3  maybe  quoted  in  c^itnm.  *'  The  olay/^  he  Bsiys, 
!  V  exposed  in  spoil  hciips  over  as  large  an  area  as  can  bo  secured,  for  from 
•  .onthiK,  according  to  the  state  of  the  weather,  Thu  action  of  frost,  as  with 
ilinary  brick  ourth,  is  of  great  service  in  diainto^rating  the  coin  pact  tough  Itimps  of 
ly,  and  in  dry  weather  the  clay  is  Itequently  wutored.  In  %ery  wet  weather,  a 
montha*  exposui^e  will  auftice  for  its  proper  *  mellowing'  or  *  ripening,*  and  it  ulti- 
iy  slacks  and  fulls  to  pieces.  When  new,  it  is  termed,  in  tho  local  phraseology, 
rt  and  rough  ; '  liitor  due  exposure  it  becomes  *  mild  and  tough/  On  some  of 
otkji  the  8i>oil  heaps  of  clay  contain  over  iq,ck)0  tons,  and  it  is  estimated  that 
smoaauie  aUettt6  cubic  yards.    After  sufficient  weathering,  the  clay  i^  ground 
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in  a  circular  pan  hj  two  rollers  or  cylmdrical  etonos,  shod  witli  iron  rmm  ^  ii 
thiiek,  aud  W€*ighmjtr  from  25  to  3^  tons  a-picco,     After  being  ground,  tho  clajr  iaJ 
ried  on  an  endless  band  to  a  '  riddle '  of  about  4  or  6  meali  ti  the  incli  for  fiie-l)!! 
6  or  10  for  6ne  cement  claj*,  and  12  or  14  mash  to  the  iufh  for  gliLBs-^houae  pot-cUjr, 
the  larger  sized  m^sh  beiLg  usc^d  for  the  sitting  of  the  cla)*  in  wet  weatheT,    Tl« 
large  pftrtifk'8  whifh  will  nut  pass  throngh  the  *  riddle  *  are  carried  Imck  on  an  i 
Ims  band  to  the  pim,  and  there  re-gronnd.     Aa  a  general  rule,  it  ib  only  fori 
large  iire-brick  lumpB,  thut  re-ground  pots,  crucibles^   or  l»ri<*ks — locally 
*  grogg ' — are  addtMl  tn  tho  clay  h^fotn  grinding  ;  ^nd  fire-cement  clay  io  1 
ground  piire.  After  pnssi«g  through  the  *  riddle  '  the  clay  is  tempered,  or  broug 
a  proper  degree  of  plasticity  by  the  addition  of  water.     It  is  then  thorongLly  stintd 
and  kneiidod  in  a  circnlar  caBt-iron  pug-mill,  by  royolring kni^'es projettn 
vortical  shait  driven  by  gtearn*power.     The  clay  is  Ibrced  down  by  the  obi 
the  rotating  knives,  and  streams  slowly  from  a  hole  near  the  bottom,  whence  after 
being  cut  by  wires  into  the  proper  forms,  it  travels  on  in  an  endloss  band  to  \k^ 
moulding  sheds.     The  bricks  aro  then  moulded  by  hand  in  the  usual  maostri 
and  dried  at  a  temperature  of  60  or  70  degrees,  in  sheds  about  1 20  ft?ct  long  oud  jo 
feet  wide,  beneath  whose  floors  run  longitudinally  two  flues.     In  fine  weather*  W- 
evor,  the  8un*8  heat  is  made  to  economise  fuei     The  bricks  are  burnt  in 
domed  kilna  or  cupolas,  locally  tenned  *  ovens,*  where  they  remain  for  frou 
fourteen  days,  being  tired  with  the  reel  intensity  of  flame  or  white  heat,  l^  r  1 1 
four  diiys  and  three  nights.    They  usuidly  roquire  seven  days  to  cool  down,    Ih*:  tr: 
s  slowly  increased  and  gradually  lowered,  tho  time  of  burning  being  regulltd 
by  the  kiloinan  in  charge,  who  inspects  tho  baking  bricks  from  time  to  time  throQ^ 
holes  in  the  domed  mot  of  the  '  ovon.'    The  chimney  stack  is  on  ih^  outside  of  til 
kiln,  anil  tho  liamo  burns  with  a  down   draught,  descending  through   holes  ia 
the  Ilot^r,  tho  fire-holes  being  merely  openings  left  in  the  tbickut<4*8  of  the  wall  of  tkt 
kiln,  and  protected  from  tho  wind  by  buttresses  long  enough  to  olloir  room  fiM 
the  firemen  to  attend  the  fires.     The  coal  is  of  course  obtained  from  the  pits  w)uA 
provide  the  clay-     Most  of  tho  kilns  hold  each  12.000  bricks,  but  somo  aroksgl 
enough  to  contain  each  30,000  or  35,000  bricks,  tho  capacity  cf  a  kiln  being  r&tt^il| 
calculated  upon  tho  assumption  that  ten  bricks  require  one  cubio  foot  of  0pac#  ii 
the  kiln.** 

Borne  analyses  of  fire -clay  were  giyeii  when  treating  of  the  difTerent  kinds  off 
Seyeral  analyses  of  fire-bricks  are  as  follows : — 

I.  2.  3.  4*  5- 

Silica 63-09  88'i  88*43  69'5 

Alumina      ,  ,     .  .     .  .  zg'og  4*5  6  90  59*5 

Lime 0*43  V2  3*40  — 

Magnesia 0*66  —  —  —  l*8i 

Oxide  of  iron      ,  .     .  .  2-88  6"i  150  a^  03  j 

Potash 1 92  —  —  — 

Si>da      0-31  ~  — ■    .  — 

Titanic  acid 2*ai  —  —  — 


100*0 


100 ''OO 


100*0 


I.  Oay  from  Dnwhiis.     2,  Brick  from  copper-smelting  fumnce  in  Wales,    3.  In  I 
bfbke.    4.  Brick  from  a  bhist-tumacc.     5.  Brick  from  a  reverberatorj  faisaioe. 


U  bricks  are  made  from  material  obtained  from  tho  Vale  of  Npath,  tn  Glamorgan- 
but  thry  have  been  imitated  in  GermauY  by  a  mixttiro  of  pure  quartz-Hand  with 
lenf  lirae.  Dr.  Siemens,  F.R.S.,  Bays  of  these  briokB — "WeUh  Dmoj*  briek,  coii- 
of  nearly  pure  silicio,  is  the  only  mnfcerial  ot  thow  practically  avuilabU?  on  a  large 
iat  I  have  found  to  resist  the  intense  ht'stt  (4000^  F.)  at  which  at^  el-i^melting^  fumaiten 
tited*"  MuHttrs*  Martin  Brothers^  of  Lee  Moor,  PljTnptoa,  have  m:uie  «nme  briekH 
he  refujse  of  kaolin,  or  eiiiiui-elay,  mixeti  with  quarts- Hand,  cnrLfully  stltcted  and 
L  The  kaolin  Lb  found  in  Co ni wall  and  Duvonshire^  Jind  is  produced  by  the  disin- 
po  of  pegmatite  or  felspathic  gninite,  under  the  action  of  tht*  atmunphere  ;  it  tht^n 
pm  baaic  fliUottte  of  alumina.  The  following*  are  some  analysus  of  these  kaolinitio 
k  thoj  pQ9a6m  remarkably  high  Tcfraotory  power  from  the  small  quantity  of  Iroa 

Silica        .. 7589  75*56  75*50  7670 

Aiuminji 3r6i  2147  3270  2010 

Pfjoxide  of  iron    ....  1-96  179              170  170 

Alkaliea,  wa«te,  See.       .,  050  I'^S             2- 10  150 
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-unitary  ware  is  one  of  the  largest  branchoi*  of  Mtonewure  mAnafactnie. 
'-  ■ '  ipted  for  employment  whi?re  an  impermenlile  and  wat^^r-tijafht 
,  sewerft,  subway^T  t^'c.  Formerly,  wh^n  about  tJiirty  years  aj,|po 
i,i._  ...  :  . .  :.  v.iro  drains  was  commenced,  the  proei.^twea  were  all  manual,  and 
Kl  ia  buiidini?  up  the  large  pipes  or  tubes  seetion  by  siec^tlon  on  a  8trt>n|?  potter's 
But  machinery  now  cffwtu  the  formatifm  of  this  ware  with  a  j^reat  economy  of  time 
Urmr.  The  day  is  ph*ced  in  a  !*tron>r  nyllndtr  of  iron^  in  the  liottom  of  which  is  a 
j  opening  txjrresjwjnding  with  the  scjUd  section  of  the  pipe ;  an  iron  p if! ton,  driven 
H.  deaeends,  forciuir  the  clay  through  thin  fipt^ning.  By  thi^  means  the  pipe  is 
I  the  aticket  or  joint  is  generally  add^d  od  a  wliwl.  BonrU,  fcv?  the  turning  of  the 
of  st«:ft«»  &c»,  are  made  by  simply  bending  th*^  ptjH^  by  hand  <u»  it  iH  rtqu**eJied  out 
Djichine.  M^^nsrs.  Clayttm,  Williams,  WTiitcbead,  and  jiinslio  are  among  the  most 
ltd  maiiufat'turtrs  of  these  machines.  Messrs.  Clayton  recently  exhibited,  at  the 
lional  Kidubttiou,  a  small  machine  working  on  the  principle  jnst  described,  that 
nanipuhitcd  by  a  man  and  a  boy. 

f.  Vt>T  cmciblcs  it  is  ne«e^nry  that  materiala  shall  bo  usod  that  will  with- 
ke  highest  tempenitui'o.  Good  cmciblos  do  not  rrack  on  being  rapidly  cooled, 
ly  must  also  withatand  the  action  of  the  fluxes  that  may  result  from  tho 
|g  of  mt^tals.  The  most  common  crucibles  iiro  the  IXe^sdiiia,  tho  graphite  or 
|go»  and  the  English,  Th«  Hessian  crucible  is  made  of  r  part  cky  (of  7 1  part^ 
[5  parts  aUmiina,  and  4  oxide  of  iron)  and  one- half  to  one-tViirti  the  weight  of 
^«Lnd.  They  are  rofmctory,  remain  unalbL^r^d  by  variations  in  tcmperHture, 
|ixiisutt4?d  to  soTne  chemical  operations  on  account  of  coarseness  of  grain  and 
^,  K  containing  too  large  a  proportion  of  silica,  they  boc^ome  |>erforatcd  hy 
f  lead,  slkalies,  ^c.  Graphite  or  plumbag^o  crucibles  are  made  from  1  part 
ptory  clay  and  3  to  4  parts  graphito*  Tho  Patent  PIumbagt>  Crucible  Company 
irsoa,  as  well  as  the  NuremlKjrg  manufaeturerB,  employ  Ceyhm  grapkito  and 
|r»  Graj'liite  crucibles  ^^^ll  bi^ar  the  highoBt  temperature,  and  they  can  be 
|»  almost  any  re<iuired  si7.e.  En>:lLsh  crucibles  are  made  from  2  parts  of 
fjdgo  clay  and  1  part  of  coke.  Crucibles  containing  coal  become  re<luced 
luited  in  contact  with  metallic  oxides,  and  are  therefore  unfittet!  to  tho 
Ig  of  metals.  Eecently  llmo  and  cluilk  crucibles  have  been  employeti  for  this 
I,  Coron  has  used  magnesia  crucibles  in  the  smelting  of  iron  and  steel, 
f  employs  an  oqtial  mixture  of  bauxite  or  cryolite  and  magnesia,  Yoiy 
'  iro  the  bauxite  crucibles  of  Audouin. 
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Lime  akd  Lime-Bub^ijj^o. 


■  Um9,  Lime,  proto3udo  of  culduin  (CaO^:  56) ,  in  it«i  combi nun  1  >n  witk  ctu  Vx vmc « 
as  carbonatu  of  lime  (CaC(.)3}  is  a  substiinco  of  the  mo8t  frojuont  occurrenoo. 
a  couMtituuiit  of  buat\  of  thc^  shullfl  of  tho  iiioHu&t'a,  and  is  Ibiind  im^st  exten 
in  the  miiierublti  kinrfdom  as  miirhle,  lime-stone,  coral,  Irt^lund  spar,  ar 
chfilk,  &c.  Its  technical  applications  aitj  as  marble  in  building,  in  the  mimti 
of  artilicittl  mineral  watora,  aa  Iceland  spar  for  optical  purposes,  as  chalk  in  lh>Ic 
and  di'awing  materials,  in  the  manufacture  of  soda,  in  the  preiiamtion  of  brdraiilic 
mortars,  bmlding  and  plastering  mat^^nals,  &c.  Limestone,  Alpen  lime,  liiw  liiiii^ 
Jura  lime»  &c.j  in,  whon  mixed  with  cLiy,  iron,  and  other  metallic  oxides,  uj»ed  a9* 
colour,  Lithoj^raphic  gtono  is  a  yellow-white  limestone,  employt'd  as  its*  nuTn*.^  im- 
plies, in  lithography*  Chalk  or  earthy  ciirbonate  of  lime  occurs  in  strata  in  Nu 
Gei-many,  Denmark,  Frane^i,  and  England.  To  this  claaa  belongs  marl -lime 
distifiguished  by  containing  chiy,  With  carbonate  of  soda,  carbonate  of 
forms  Gay-Lussito  (CaC03  -(-  Na^COj)  j  with  carbonate  of  baryta, 
(CaCOj  BaC03)  ;  and  with  Ciirbonate  of  magnesia,  bitter-spar  or 
(CaC03+  MgOOj),  th*i  latter  occurring  with  3  molecules  of  carbonato  Okf 
to  I  molecide  of  carbonat<3  of  lime. 

propeitie*.     Carbonate*  of  lime  is  not  soluble  in  pur©  wator ;  but  if  the  water  i 
hold  carbonic  acid  in  solution,  bicarbonate  of  lime  is  formed.     "When  tliis  solo 
by  means  of  evaporation  loses  half  its  carbonic  acid,  an  insoluble  carbonate  i»  foi 
In  this  manner  are  naturaUy  fonned  »tahidttes  and  stalatjmiks.    The  deposit  of  I 
sinter  upon  objects  deposited  in  caverns,  in  limesitone-rock,  &c.,  i^  thue 
\^Ticn  carbonate  of  lime  is  ignited  U)  whiteness  in  a  porcelain  crucible^j 
bonic  acid  la  disengagwl,  and  thf^re  remains  protoxide  of  calcium  (CaO)  i 
lime.     100  parts  of  carbonate  of  limo  yiubl  56  parts  of  burnt  lime, 
of  the  limo  undergoes  no  diminution  by  burning,     Burnt  lime  iB  the 
■which  limo  must  commonly  appears  in  the  market.     Carbonate  of  lime, 
a  closed  porcelain  tube,  melts,  and  forms  a  crystalline  mass«  a  carbonate,  1 
unalterable. 

umt'iiuniiflf.      Tho  buTuing  of  the  Ume  is  eflTocted— 

In  kilns, 

In  field- oTens,  and 
In  lime- ovens. 
Lime-lvuming  in  kilns  is  accomplisbed  in  the  following  manner : — ^The  1 
unless  it  has  previously  been  broken  into  small  pieces,  is  heaped  up  into  calms  t 
to  the  heaps  of  wowl  to  bo  convert(xi  into  charcoal.    The  kiln  is  then  covered  1 
earth  or  turf,  uud  tho  fire  so  placed  that  the  larger  pieces  of  limo  in  the  bxU 
the  heap  are  burnt.  Tho  regulating  of  the  draught,  tho  kindling,  the  coveri 
the  cooling,  are  on  the  same  principle  as  that  fi>llowed  by  tho  charcoal  bu 
conversion  of  wood  into  charc4jal  by  combustion.    According  to  P.  Lo^,  tk\ 
this  kind,  4*5  metres  in  height,  contains  55*5  cubic  metres  of  lime  as  well  as  a 
metn!is  of  lime-dust.     In  the  field- ovens  the  burning  is  similarly  conducted,  1 
sometimes  on  a  larger  scale,  the  kilns  being  always  temporary.     It  is  easy  to  1 
that  tho  burning  in  this  manner  is  only  of  slight  technical  importance;  h^dott 
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it  waste,  cmly  a  small  quantity  ojuld  be  produced  at  an  operation,     Thorofor© 
PQiintJutly  egnstructod  ovena  ur«  omj>lt>yf?d.  ^Tlicso  are  divided  int<.>— 
0,  Tlioee  kilcs  in  whicli  tto  btimiiig  is  intcrrupttNl,  or  occusioui»lly  employed 

(the  periodiiiiil  kiln), 
h,  Tho96  kiin«  in  whitli  tho  buniinpr  is  coiithuious  (the  continuous  kiln), 
\  lli*>  or<%i»runal  kiln,  afk^r  the  Imrniiig  ia  finished,  the  kiln  is  caoled,  andthelimo 
1  mmoTcd*  In  tho  eoiitinutil  kilu,  on  the  taiitrary,  the  cnkiiirttiou  is  continuous* 
^kiln  novor  lK?ing  allowc-d  to  cool.  It  is  so  con  strut;  ted  that  tho  burnt  lime  can  b« 
uTt^d  and  fin?Hh  limeatone  introduced*  without  in  the  loast  inU*iTU|iting  tht*  process, 
ocmtiuual  kiln  has  many  rticonimendations — among  them  that  of  <?iibcting  a 
ttg  in  fuol,  n«  use  can  be  made  of  the  refuse  lime  for  this  purpose*  In  a  small 
»  whert^.  H8  a  rule,  burning  cannot  be  constantly  carried  on,  tho  sfmall  occaaional 
1  i*,  r,f  f-oui'tse,  to  b*'  prnfiirred, 

TliQ  occoj^ional  or  prTiodic  kiln  with  int€*rnipt«d  burninfrs  htivo,  or 

vvc  not,  a  gnitofl  furnace.    Fi^s,  177  and  17S  show  two  lim« -kilns  of  the 

ry  conslnictiun  without  g-mtod  furnaces.    Tliey  are  built  either  on  the  »\\\\\q  of 

'  ou  the  slope  of  the  limestone  quarry  itself.     As  a  nJe  tho  kilns  are  built 

r  one  another,  so  that  one  wall  serves  for  two  kilns.     The  height  of  the  vault 

\  from  I '3  to  1  '6  metres,  and  it  is  generally  built  of  the  largest  limestonea,  while 


ibe  smaller  stones  and  Hme-dnst  are  placed  in  the  interior  of  the  kiln.    Through  the 

IbfiUM^e  dooi'S,  easily  combustible  fa td,  such  as  brush wuml,  light  tindwr,  sliiivingj?,  &c,, 

is  introducfHi,  The  mixss  becomes  gnidually  hcat4"d,  the  larger  atones  crack  and  break 

rt]*.  nnd  the  whole  moss  sinks  togi?ther.  As  the  firing  is  increased  the  lime  becomes  of 

r  colour  and  the  flames  iree  from  smoke.  As  soon  as  the  lime  immediately 

-.  .  .2ie  stone*  on  the  top  of  the  kiln  is  at  a  white  heat  the  burning  is  complete. 

Tb*  mass  by  this  time  will  have  sunken  one-sixth.     A  burning  generally  occupies 

flttrty-feix  to  forty- eight  hours.     An  occasional  kiln  with  a  gnited  furnaco  effects  a 

i^rkt^r  and  more  compb-te  nnmbustion  of  the  fuel ;  but  th*>y  are  open  to  tho  objec- 

t  the  consumi^tion  is  greater.  On  the  otlior  hand,  the  kilns  without  a  gmted 

are  Ie^>s  perfectly  heated.      A  kiln  much   used   in  Hanover  is  shown  in 

%,  179,  and  in  plan  in  Fig.  180 ;  Fig.  181  shows  the  under  part  of  the  kiln  in 

^wticul  i«€*ction.  The  lower  room  serves  for  the  calcination  of  tho  lime  ;  over  tins  is 

»tttdtod  chamber  3-12  metres  in  diameter  and  11  feet  in  height    c  e  e  e,  Figs,  180 
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and  i8i,  are  four  stoke -lioies  for  the  mtroduction  of  fuel,  gtone-ccml^  broi 
breeze,  &c.  B  \^  the  approach  by  whii  li  the  limestone  is  introduced  into  the  fit: 
d  the  door  by  which  entrant'e  is  obhiinod  to  remove  the  burnt  lime.     BoUii 
oponin^  are  closed  duiing  the  actual  bumiDg.     a  is  an  apfproach  to  the  ^ 
jacket/'  as  the  upper  chamber  Is  termed.     This  opening  is  necessary  as  a  dnit| 
assi.st  the  flaiue  and  hot  grases  in  their  es<mpe  from  the  top  of  the  kiln ;  it  alfio  ( 
more  intense  fbmm  in  other  parts  of  the  kiln.    Fig8>  i8o  and  i8i  show  1 

Fio»  1791. 


— r 


etone  ia  kept  dear  of  the  iiearths,    A  piece  ^f  wood  is  p!ac€^d  Tortically  iuj 
of  the  oTcn  to  direct  the  flames  upwards  when  the  fir«  is  li{*ht*?d-     Dur 
six  hours  the  fire  is  weak ;  then  a  stronger  fire  is  obtained  until  the  jreU 
flames  spriBg-  from  the  openings  in  the  vault,  and  the  oven  is  in  a  clear  gloii 

Th*  CftnuniioiM  Kiln*.       The  Construction  of  the  kilns  for  continuous  burning  ia  1 
diflb)x»nt  to  thiit  of  the  preceding.    They  are  of  two  kinds.    In  one  the  \ 
limestone  are  pbced  in  alternut©  layers;  in  the  other  kind,  the  fuel  and  X 
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are  not  in  contact*  there  being  fnmaccs  for  the  former  and  separate  chamb 
the  latter.     In  tithor,  fresh  limestone  is  added  in  proportioii  as  the  burnt  i 
removed  from  the  bottom  of  the  kiln. 
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It  Riider^doTf,  near  Berlin,  a  very  efficient  kiln  is  employeti,  shown  in  socUon  in 
I'ig.  i8z.  The  lining  wall  of  the  shaft,  d,  is  built  of  fire-brick,  the  counter  wall, 
f,  IS  Bcpaiuted  from  tho  lining  wall  by  a  chamber  iiUed  with  ashofl,  building  refuse, 
ftc.  The  outer  wall,  B  B,  is  not  an  essential  portion  of  the  kiln  ;  it  serves  merely 
lift  jj^ket  for  the  retention  of  the  heat,  while  tho  galleiies,  H  and  F,  can  bo  used 
wdnring  rootne  for  wood,  fuel,  &c*  During  tho  precis's,  tbo  under  part,  B,  of  tho 
fkft  is  iillt'd  with  prepared  lime, 

which  is  removed  by  tho  druugbt  ^'"*  ^^^• 

bio,  a,  in  the  sole  of  tho  shaft. 
Pot  the  purpose  of  hastening  the 
^fiflcent  of  tho  burnt  lime,  the 
fides  of  tho  lower  pnrt  of  the  shaft 

tns  aloped    towards   the   draught-  bIjS^M    T'  i       il ''    ^  I^K     H 

»1iiIm,  The  shaft  i^  usually  14*123 
Snetitss  in  height.  About  4  metres 
tboTo  the  solo  of  the  shaft  is  situated 
the  fine-room,  h.  Throe  to  five  fire 
rooQiijar©  in  action  in  n  single  sbalt* 
Tk  fad  is  wood  or  turf,  1  is  tho 
ish-pit,  whence  the  a.she«  fall  into 
E.  The  flamo  enters  the  shaft 
flutJUj^h  the  opening,  !!?,  at  the  end 
of  the  fire  room ,   Tho  fireah  1  y-b  urn  t 

liinpi*r€eciTodinF.  KKisadraugbt     1U^ !■■■■■  j^^^BH  •:^'^l 

jfctllerv    communicating    with     IT, 

i:s  are  locally  known  as  three-,  four-,  «r  five-tin d  kilns  according  to  tho 
< if  tire  rooms,     Should  th«i  kiln   nf>t  have  been  in  use  for  8<ime  time,  the 
is  commence^I  by  adding  fuel,  sui  b  as  wood,  turf,  tStc,,  t^»  the  liincsteno  in 
When  the  shaft  is  thoroughly  wartned   and  a  gocnl  draught  obtained, 
«ij!y  i»  intT'jduoed  into  the  shaft.    The  shaft  is  entirely  filled  with  litnestone, 
'eometimes  the  limestone  accumulates  upon  the  mouth  or  top  of  the  kiln  to  & 
t  of  I '5  metres. 

nimg      When  the  locjility  is  favoarabl*?  the*  Yilnn  are  nrranjcrcd  to  burn  both  lime 
*J*»    md  bricks  at  the  same  time.     The  ttiiuolar  kiln  of  Hotfraann  and  Lkht, 
I  undet  Brick-making,  is  the  most  stutuLble  for  this  double  purpose. 

ivp«rti»ofLi»wp,  The  quality  of  the  burnt  lime  is  gi-eatly  iuflueni-ed  by  the  consti- 
tution of  the  limestone  burnt.  When  tho  limestone  connists  chiefly  of  puro  car- 
boDAte  of  lime,  the  resulting  lime  is  what  is  termed  a  "  fat*'  lime.  On  the  other 
Wl,  if  the  limestone  is  of  similar  composition  to  dt»li«mite  (CarO^ -|- MgCOj), 
Containing  magnesia,  the  resulting  lime  forniB  a  short,  thin  pulp  with  water,  and  is 
tinned  **  poor,'*  With  10  per  cent  of  magnesia  the  lime  is  noticeablj' poor,  and 
With  25  to  30  jrf^r  cent  almost  useless.  The  lime  on  being  taken  from  tlie  kiln  i« 
liyno  means  found  to  bo  burat  e4iually.  SSome  pieces  that  have  alnioat  CHrajied 
the  firf  are  merely  suporfieially  burnt*  and  contain  a  kernel  of  nnbunit  limestone, 
^Hpt  pit^^es  expo!k!d  to  the  full  heat  of  the  kiln  are  **  over -burnt/'  The  "  over- 
Wiing**  of  the  lime  is  either  due  to  tho  forming  of  *' half-burnt "  lime 
(CiiODj  ^  CaH.O,)  by  a  strong  and  sudden  ignition ;  or  by  means  of  the  high  tom- 
fetttoje  tlie  small  <^uantity  of  silica  and   alumina  contained  in  the   limestone 
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"fieeoroe  aiuterwl  over  the  surfiiCG,  iind  tKo  lime  Js  thus  preTented  hj  a  00 
adicnte  from  oombining  with  tho  water  to  form  a  pulp* 

si.iiiiiiri.iw*.  IJumt  limo  inoistvntMi  with  water  slakeft  with  great  vialiqg 
parts  by  woiplit  of  lime  ret[tiinnjaf  only  32  parts  water,  or  j  volt?,  of  lime 
Wrtti^r^  to  obhiiii  by  th«5  combination  a  teniporatm'O  of  150*,  Th«>  resql 
slaking  is  a  soft,  whlto  p«»vvder,  liine-njcal  or  powdered  lin)o»  hydnite  of  p 
of  falciiina  (r'alJiOJ,  whinh  in  volume  excoods  throo  timc'a  that  of  tho  )im< 
If  less  water  is  uddtnl  than  is  re^iuisite  for  tho  fonnation  of  the  hydrate*, 
powder  ia  obtainwl  of  little  value  t4it:bni cully.  It  is  therefore  very  di(sad%*at 
to  place  lime  in  baski^U  in  damp  situations.  For  toehniiml  application  ta  " 
puT poses,  after  the  linn'  ban  be  en  fihiked  with  one^third  of  its  weijL'ht  of  w 
Ocxufll  i|uantity  of  water  is  addnd  to  the  mass  to  iVjrm  a  thin  pulp,  8laked  linn 
its  water  of  formation  with  siirh  obstinacy  that  at  a  temperature  of  250*  te 
loss  of  weight  oreurs.  The  hydrate  forme  a  thin  pulp  with  water,  and  t 
pulp  by  further  dilution  lime-water  or  milk  of  lime  is  obtained.  If  the  lio] 
be  filtered,  there  results  a  saturated  solution  of  hydrate  of  lime,  containuij 
hydrate  Ui  778  parts  Water.  \Vben  expofled  to  tho  atmoaphero,  lime-'srater 
nbsMirbs  carbonic  a*^id»  and  is  soon  covered  with  a  thin  film  of  carbonate, 
water  haiia  stronf^  alkaline  rcaetion*  due  partly  to  the  lime  it&i*lf,  and  pnrll 
fact  that  most  limcBtones  contain  common  &alt  and  alkaline  silicatcr*,  wluch 
the  influence  of  the  cfiUistic  lime,  are  convortcMi  into  caustic  alkali. 

u«»ofUm».       Tlie  tf*<ihniml  applirations  of  lirae  arc  very  many,      T*      -     -     ^" 
carbfjnic   ncid  fit^-*  it  p^pclully  fur  the  preparation  of  the  ctaiij«itic  alk 
emplovcd  in  the  prcparHtioti  of  ummonia  from  saUanimoiuao,  of  \\\  i 
(chloride  of  limt»),  in  the  preeipitution  of  magiioHia  from  the  motlier-iey  t>i  tnliuft 
purificadon    of    illafmiuatiiiR'    ^s    fnim    eurlxmir   acid    and   partly   from    »afp 
tiydropen ;  in  tln^*  rciiiiiaitr  of  sniji^ar  and  the  Htparatioo  of  the  «»}?ar  fmm  liet^t-prK 
ju  the  manufarturo  of  n>dn\  in  tariainjk%  to  ivniovc  the  hair  aiid  pn  jiar*:*  the* 
blcnt'hinjf ;  in  the  mannfarture  of  htr-arinft  caiKlK^ ;  in  tiho  preparatitjo  of  alum 
pliatr  01  riiuminri  fmm  crj'ulit*^ ;  for  ncatrali-^inj^'  the  sidphnrie  acid  in  the  prcspa: 
ntjiirh-mug'ar,   ire.     One  Vjf    the   latest  appliciiticins  of   lime   ia   to  the  oiy-hydJ 
oxy-calcium  light,  which  U  of  90  much  impitrtanc*  in  Hi^iiilling',  and  9uch  a  ^idi 
to 'the  lecturcrl    The  moat  importaiit  apphcatiun  of  lime  is  duuhUe«d  ia  the^ 
mortar.  ^ 

Mo  UTAH.  ™ 

Mftrfur,     Mortar  is  a  mixture  of  sand  with  cream  of  lime,  used  in  buildi 
ubri*,'  material.     The  ordinary  mortar  sot^  or  hardens  only  in  tho  oiri, 
rtjir  ?4^ts  under  water. 

a,   CtmiPiofi  or  Air-sefUng  Moriar, 
en  "ilakeil  lim^  is  exposi^d  to  the  atmosphere  it  absorbs  carbonic i 
Im  comes  much  slirunkon  aaid  cracked.     The  hj^dmte  of  b'mto  thus  fo 
iiig  perfectly  dry  attains  tho  hardness  of  marble.     Such  a  mat 
in  mfMlifieations,    is  consequently  admirably  adupt-cnl  as  a  coma 
er  bricks,  bh^cks  of  stone,    etc.,   in  buildinjer.     But  as  the  oonft 
ikase  would  jnvo   rise  to  great  unevenncss  in  the  conidruetion  of  1 
T»o>a  ncres^sjiry  to  add  sand  or  s<ime  similar  substance  to  ihe  limo 
.-U*w  .,   Iwxly  to  the  mortar,  which  with  the  bricks  earn  bin 
'^inmon  mortar  is  ordinarily  made  with  slaked  Hme. 
I  and  water  lK*ing  formed,     Angfularor  sharp  Rt^nd  jmi 
I   -  't^b  flJS  making'  a  moro  tenacious  mortar,     Itound-M 
bi-Uths  mortar.    The  proportion  of  sand  to  the  lime  is  a  j 
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ilijitAly  affoctin^  the  qoAlity  and  hardness  of  the  mortar.  In  practice,  i  cubic 
metre  of  stiff  lime-cream  ri^quiros  3  to  4  cubic  metres  of  sand ;  but  poor,  magneaia- 

btninin^  lim**  will  only  admit  of  i  to  sj  cubic  metres  of  sand.  When  mortar  is 
>loyed  in  brick -lay  iup-,  thu  surface  nf  the  brick  ib  moiatened»  the  roortar  laid 

Jtv<?cn  each  brick,  and  left  to  dry.    When  dry  it  is  often  harder  than  the  brick 

bKthfMnrtar.        Mortttr  wtfl  or  Hardens  very  quickly;  iift-er  a  day  it  will  attain  a 

I  th&t  will  last  for  c^-ntudea-     Tbo  drying'  out  of  the  water  frum  the  mortjir  is  not 

-o  of  its  hiiniK>uinjL',  aw  may  be  Tury  ea^sily  awsertained  by  dryiri^c  tho  mortar  in 

1  Of  nvfr  the  *»pint-lfirop  ;  the  rf^iUt  iis  nut  a  fttone-like,  but  u  friable^,  non* 

KS,     Fueb**  aocnunts  for  the  luirdening  of  luoi-tar  by  Buppatitng  the  formation 

o-c^alled  nputral  cartnonateof  lime  (CftC0j4"  tJaH.jO^),  a  combination  which  has  not 

bown   to   Hiiifer  tnanvirsiion   into  ordluary   earbouate   of   lime   (CaCOj.      Recent 

hem   have  hIiowu   thin  mippo«ition  to  be  eTTtnicou8,  a«i  it  does*  not  aj.rrt«  with  the 

i  of  ftnalysps,  whieh  have  yielded  a  qnantity  of  carbonic  acid  ine[>mpatiblo  with  the 

it  ml  earhfjuftte  ;  20  nod  e\^n  "O  per  cent,  of  carlxuiio  aciil  hnxi-  been  found. 

1}  if  Alt'X^uiiler  Pet/b^jldt,  A.  Vuii  Sbrutter,  and  other**,  have  proved  thtie 

•f  rniluWe  Mili'rt.     The  converinion  of  quartz-ftand  iotAi  Holuble  ftdica  under 

mfluenee  of    hydmte  of  lime,  U   not,  h»m*eTL^r,  a  reaction  at  all  explanatory  of  the 

aMriiin^^   of  mortar,   hh  wa*ihe<i   chalk   lUHteiid  of  eilioa   furms  an  eqimlly  hard  mass. 

*  Wolters  iiiven  the  fonnatirm  of  siliente  of  Imie  a«  aceountinjjr  for  the  hanlening  of 

air.     It  i«  not  *M^l*lom  in  tlie  analysis  of  old  mortar  from  tho  interior  of  walls  that 

1  alkidivia  are  fouuil. 

h,  ffifdraulic  MiyrUir, 

iRNnMik  Horur     Limestone  containing  moro  than  10  per  cent,  siliea  poBsesses,  whon 

Hi  and  made  into  a  mortar,  tho  peculiar  property  of  har<lonin>;  under  watcir- 

m  burnt  from  aueh  limctdone  m  termed  hydraulic  lime,  and  the  murtar  hydraulic 


hen  mibumt,  hydraulic  lime  13  a  mixture  of  carboaato  of  lime  with  silica  or  a 

lotto,  g«>n€^rally  silicate  of  alumina,  the  latter  being  insoluble  in  hydrochloric 

Ihirijig  the  burning,  the  hydraulic  lime  suffers  a  change  similar  to  that 

kin^T  plnCH  when  a  piUcato  insoluble  in  at-id  is  preeipitattHl,  during  the  application 

(heat.  With  an  alkaline  carbonate?.     Aft^jr  burning,  tho  lime  i*i  to  a  g^ivat  extent 

able  in  hydrochloric  acid,  and  has  lost  sonic  of  its  carbonic  acid.     Von  Fuchs, 

kirLting»'r,   Uanui*,  Ileldt»  W  Mieha^lis,  and  A.  von  Kri]>p'8  experimenU  have 

provwl  tliat  tlie  silica  of  hydraulic  liniu  ih  pnxnpitated  in  a  p^elatinoua  condition, 

^d  that  «x»n«titu<3iits  such  as  alujiiina  and  oxide  of  iron  are  of  influence  only  when, 

Hdcr  ignition,  they  have  formed  a  chemical  combination  vnih  the  ailica. 

^Hydraulic  mortars  are  made  \- — 

I    With  a  thin  cream  of  lime  and  water  to  which  sand  is  added;  or  with 
A  mixtuiv  of  ordinary  air- mortar  with  wator  and  cement. 

Dgr  the  slaking  of  tho  hydraulic  lime  water  is  absorbed,  but  without  any  con- 
able  evolution  of  heat  or  increase  in  volume,     llydraulic  mortar  is  ap]>liod  in 
some  manner  as  onlinar^^  mortar — the  liuie-cream  muat  bo  fix'shly  madi?,  and 
brick  or  ma^oniy  work  moistened.     The  mortar  should  bo  plaeed  thickly 
en  each  layer  of  bricks,  in  order  to  afford  a  good  firm  bed,  and  allow  for 
^nka^^ 

It  ftdlowa  from  what  has  been  said  that  an  artificial  hydraulic  mortar 

I  ho  prepared  fn»m  onimiiiy  lime  by  the  addition  of  silica.     Such  a  preparation 

^tnnr^eil  a  ctnv'nt.     A  few  natural  cements  are  found,  and  may  be  coi^idered  aa 

Bi«>fly  of  volcanic  foi*mation.     To  this  claims  beloug  tutf-stoDo,  tarnis,  or  trass,  a 

liafv  earth,  the  bonis  of  which  appcara  to  be  pumice-stone  with  small  quantities 

ilj«»Milt  and  ciilcined  slate,  the  pozzolano  of  Italy,  and  fiantoriu. 
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Tarras,  or  trass,  also  contains  magfnetic  iron  in  small  qnantitieSy  as  well  as  titanic  ism, 
The  folloi^ing  ure  the  constituents  aocording  to  analysis : — 


Silica        . .     . 

Lime 

Mugnesia . . 
Potabh 

Soda 

Alumina  . . 
Oxide  of  iron  . 
Water       . .     . 


>luble  in 

Insoluble  in 

chloric  add. 

hydrochloric  acid. 

1 1  50 

37-44 

316 

2-25 

21S 

027 

029 

0-08 

2-44 

112 

1770 

125 

1117 

075 

7-65 

56-86  42*98 

This  cement  has  been  employed  for  300  years  as  a  hydraulic  mortar,  and  is  one  of  the 

most  important  of  \U  class. 
Pozzolauo  is  another  tertiary  earth,  oo^mrring'  chiefly  at  Puzzuoli,  near  Naples,  u  ft 

loose,   gr*^y,   or   yellow-brown  mass,   of   partly  a  fine-grained  and  partly  an  eiithf 

fracture.    It  contains  in  100  parts : — 

Silicic  acid 44*5 

Alumina       15-0 

Lime      8*8 

Magnesia      47 

Oxide  of  iron       I2*o 

Potash \ 

Soda       /  5*5 

Water 9-2 

loo-o 
The  oxide  of  iron  contains  small  quantities  of  titanium.     More  lime  must  be  added  to 
form  a  hydraulic  mortar.     The  masonry  of  the  light-room  of  the  Edd^stone  laghthoiM 
is  cemented  with  a  hydraulic  mortar  formed  from  equal  parts  of  pulverised  pozzolauo  ftod 
slaked  lime. 

Santorin  derives  its  name  from  the  Greek  Island  of  Santorin,  where  it  was  first  fomii 
It  is,  similarly  to  trass,  a  volcanic  formation,  and,  according  to  Q.  Feichtiuger  (1870)  con- 
sists of  a  mixture  of  cement  and  sand,  the  latter  containing  large  quantities  of  pumice- 
stone.  It  is  not  largely  employed  as  a  cement,  on  account  of  the  difficulty  of  separating 
the  true  cement  fnmi  the  accompanying  sand. 

Artiflcuu  opments.  Tlio  high  prico  of  natural  cements  consequent  upon  the  smallness 
of  tho  quantity  found,  and  the  difficulty  of  working  them,  has  given  much  en- 
couragement to  the  manufacture  of  artificial  cements.  Indeeti,  tho  use  of  natnnl 
cements  is  the  exception  and  not  the  rule.  Parker,  Wyatt,  and  Co  ,  were  tho  fiift 
artificial  cement  manufacturers,  and  took  out  their  English  patent  in  1796;  thpy 
may  therefore  be  considered  as  the  founders  of  the  extensive  industry  of  the  pre- 
sent day.  The  cement  prepared  by  them,  and  now  in  use,  is  known  as  English 
or  Eoman  cement.  It  is  manufactured  by  burning  a  peculiar  clay-shale  found 
above  the  chalk  formation  in  the  Isle  of  Sheppey  and  tho  Isle  of  Wight.  Tlie  burn- 
ing is  efiected  in  an  ordinary  lime  kiln,  and  tho  burnt  shale  is  afterwai-ds  pul- 
verised. The  resulting  red-brown  powder  eagerly  absorbs  carbonic  acid  and  water 
from  the  air.  It  is  packed  in  casks  and  stored  rcadj-  for  use.  When  prepared  as  1 
mortar,  it  hardens  or  sots  in  fifteen  to  twenty  minutes. 
Michaelis  found  by  tho  analysis  of  various  Roman  cements : — 


Limo       .  .     . 
Magnesia 
8ilicic  acid     • 
Alumina 
Oxide  of  iron. 


I. 

2. 

3- 

4- 

58-38 

55-50 

4783 

58-88 

5*oo 

173 

24-26 

2-25 

28-83 

25*00 

5-80 

23-66 

6-40 

6-96 

1-50 

724 

480 

9-63 

20-8o 

797 

LIME. 
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muilyaaB  ure  &om  cemeDU  free  from  water  and  carbonic  acid.  No.  i  is 
QUI  oemeni  from  Riiik'nwlnrf  limestotie ;  2.  From  limestone  from  the  I«le  of 
^Heppey^  yellow*brown  in  culour,  coarae  and  liard ;  3,  Fram  limcHtono  fonninj^ 
Uie  under  bed  of  the  l*jad  ores  at  Tamowitjr,  of  a  blue-grey  colour,  firm,  and  of  a 
itttlline  appearance  \  4.  From  Ilausborgen  limestone. 

ad  oement,  bo  named  fnim  the  resemblance  it  boars  when  eet  to  Portland 
18  a  scaly  crystalline  powder  of  grey  colour^  and  was  first  prepared  by  Mr. 
Afipdin  of  Leeds,  in  1824.     According  to  ids  Letters  Patent,  lieprepartd 
I  cemeut  in  the  following  manner : — A  largo  quantity  of  limestone  was  taken 
I  pulverised ;  or  the  dust  or  pulveriBcd  limetitono  used  to  mend  the  ri)ads  was 
fed.     This  material  waa  dried  and  burnt  in  a  lime-kiln.     An  equal  quantity 
nglit  of  clay  waB  added  to  the  burnt  lime,  and  thoroughly  kneaded  with  water 
I  plastic  mass.     Tins  wa^  afterguards  dried,  broken  in  piece?,  and  burnt  in  a 
hkiln  to  remove  atl  the  carbonic  acid.     The  mass,  thus  transformed  to  a  fine 
irder,  is  ready  for  the  market.     It  is  known  in  commerce  as  a  grey,  or  green- 
y»  saodV}  palpable  powdt;r.    But  Pasley  must  be  considered  the  true  fonnd»ir  of 
ficial  cement  manufacture  in  England;  he,  in  1826,  obtiiineda  cement  by  the  bum- 
|[of  riTer-mud  from  the  Med^'ay,  imprognatod  wnth  the  salts  from  the  soa-water, 
^Umeiitone  or  chalk.   The  mud  from  tke  Medway  is  probably  best  adaptc^l  for  the 
nufttiture  of  Portland  cement  on  account  of  the  sodium  salt^  it  contains,  and 
I  supposition  there  seema  good  ground  for  Petteukofer's  reconunendation 
Bous  marl^,  burnt  after  lixiyiatlon  witk  a  solution  of  common  salt,  shoulrl 
ried.     At  the  present  time  the  mud  trom  the  mouths  and  delta  formations  of 
n!  Urge  rivers  is  employed  in  the  preparation  of  this  cement. 
Tho  manufacture  of  Portland  cements  usually  follows  this  mode.    The  rnwmate- 
uestone  and  clay  or  mud  in  f^pial  quantities,  are  intimately  mixed,  the 
dnod  in  the  air,  and  then  btirnt  in  a  ^Itaft-ovcn,     The  shaft-oven  is  p'ene* 
r4ll)  14  to  30  metres  in  Keiglit,  with  a  width  of  2*3  to  4  metres.    At  a  height 
oft  to  I'l  metres  from  the  ground  is  a  strong  grating,  through  which  the  lumps  of 
limdjtone  mostly  fall,  those  remaining  being  afterwards  broken  by  the  heat.     The 
Otea  is  so  arranged  that  a  layer  of  fuel  and  a  layer  of  cement  stone  alt^cmate. 
Coke  is  generally  chosen  as  fuel,  being  found  by  experience  best  adapted  for  the 
Alter  the  mass  has  been  submitted  to  a  red  heat  for  one  hour,  it  assumes 
lllaip-brown  colour,  and  at  a  higher  temperature  becomoB  a  dark  brown.     Ora- 
lly the  lime  becomes  causticistul,  and  enters  more  and  more  into  chemical  com- 
oa  with  t^he  silicates.     At  a  white  heat  the  mass  becomes  grey  in  colour,  with 
^here  and  there  of  green.     If  during  tho  operation  these  colours  are  shown 
^KT^ral  stages,  the  resulting  cement  will  l>e  good  and  sot  hard.     If  the  heat- 
iag  ifl  continued,  the  cement  will  assume  a  blue-grey  colour  and  become  quite  nse- 
!««.    If  removed  at  the  first  stagt^  the  mass  yields  a  yellow-brown,  light  powder; 
«t  the  second,  a  grey,  sharp  powder  tinged  with  green.     lioyond  this  stage  the 
pc^er  is  blue-grey,  or  grey-wliite,  clear  and  sharp,  ond  very  similar  to  glass- 
P*^wd<T.     The  more  lime  the  mixture  contains,  or,  it  might  be  said,  the  more  basic 
the  mixture,  the  more  durable  is  the  cement,  and  the  loss  it  falls  to  pieces  in  burn- 
'Og*    A  mixture  in  which  clay  predominates  is  always  more  or  less  a  weaker 
^ent,  falling  to  pieces  readily,  or,  technically,  not  binding  well.    Aoconling  to 
hfttlis,  the  addition  of  lime  or  alkalies  prevents  the  cement  separating,  and 
it  more  binding ;  but  in  practico  this  addition  would  not  be  sutMciently 


^y> 
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economical.  Tlio  more  intimately  the  clay  and  Eme  are  mixfid,  fbe  lAif«r4 
amount  of  Hmo  thut  may  bo  mcorpomted.  From  the  moment  of  8tiifemu|;  till  \ 
final  hardening,  the  coniont,  if  sot  in  the  air,  exijeriencos  no  cshangu ;  but  il  in  wite 
thore  13  lit  first  a  Rmall  loss  of  the  more  solublo  conatitnont^ — ^th«  oJkaLte^, 

Purtland  coment  mixed  with  water  to  a  pulp  stitfens  in  a  few  minutes,  imd  i 
the  elapae  of  a  day  sets  tolombly  hard.     Aft^r  a  mouth  tbo  cement  seta  into  as 
etanci?  so  hard  aiid  firm  that  it  emits  a  sound  when  gtruck  by  a  hard  body,    il  I 
admirably  adaiitutl,  wheu  mixed  with  sand  or  gypsum,  for  being  cast  mlo  1 
various  architectural  omamGnts,  and,  indeod,  has  from  this  property  been 
ailiiiieial  f*tone.     Latijly  Griinoberg  has  made  crj^stallizing-vesik^^hj  of  this  i 
and  I*osch  omploya  it  in  constructing  reservoirs  for  hot  fluids. 

M*niinirEurrnf  Artjfliiiii     fliP  proco^fl  of  maoufacturing  truo  Portland  oexnoiit  bctni?  < 
L^.i.tttt  hi  t>rr..mi-y     to  ?:TiglHtid  by  IdttcTs  pHtciit*  the  cCTnenta  of  Urns  kind  mflde  ia  ( 
many  may  bo  considers d  iun  urtifictal  eemontH,     Tliey  result  but  frDzn  a  xli^ht  vimAticBi| 
method  ouly,  ubulk  uthI  olay  or  mud  tieing  mixutl»  atid  the  mixtiire  foniifl  iT\U*  \ 
tili  8«  then  Immfc   ajul   grutitid   to  pjwder,      ThiA    ocment    im.swers  in 
pmpfjw^H  of   the  origiuiil  eetneiit.      In   the  prepftration   of   bydnndic 
of  ehftlk  and  lime  u  alimj  used,  t^>getbe^  with  marl,  the  a^boM  of  pit'<    ... 
aluRi>>^hale  and  ulam-earth  resulting  fit>ni  alum  manufacture,  burnt  potUT  g^  eiir 
ponxUain,  pulveriiw^d  flint,  &c.     Chalctnlony  cement  ia  a  mi^tturc^,  iiiv*ciit*;d  by  H 
(1870,  of  t  volume  of  burnt  dmleedony  with   I   volume  of  lime  and  2  voliimfs  ( 
l^and.     Tlu*i  cement  h.w*>  a  glaxc  much  rcseml^ling  poliKbed  niiU-bln.     Althoagb 
oiples  of  the   bydniiUic  nutiire  of   various  e^-meutpi  and  mi^rtJirM  are  known, 
exmrinirnts  biivo    b  en   miwle  in   verifie;ition,     Tlie   elements  of   sueces?*   -"leem  to  Ik^ 
a  due  regulation  of  the  beat  during  buminy,  in  the  intimutt>  mivinL'  nf  the 
tho  ehief  prineiple.  the  cheraical  eombination  of  the  several  ,  if*  liut  very  1 

known.     Of  th<' various  um-h  oi  hydraulic  laort^rs,  we  have  ii  4o  ;  the 

of  applicibiiity  are  ;  -i.  That  the  proportion  of  25  per  cent,  of  tlay  be  presrrvod  ;  2.  \ 
the  elay  be  of  tlie  requisite  quality »  rieh  in  mhea^  finely  divided,  and  (oral  an 
mixture  with  carbonate  of   lime,     Tbow  condition s  are   very  *eMoru  ' 

Portbind  cement  wtit*  first  intn.Mlue<~Hl  into  frermany  in   1850.  by  >[.  d 
and  iu  1852  SI.  H.  lUeibtn'U,  of  8tettin,  ero<."ted  a  buildmg  at  Bonn  in  v         .    __t 
was  hirgoly  empbiy  d.     8inee  that  time  there  has  hardly  been  a  building  in  the  < 
of  wbieh  Portland  cement  was  not  used, 

M.  W.  Miehaelis  gives  the  foU owing  analyses  of  Portland  cements,  tho  eamplea  ] 
frt^e  from  water  and  carbonic  acid  i^ 


Lime 

Silicic  acid 
Alumina 
Oxide  of  iron 
3fagnf*ia     , , 
P^>Us*h  . ,      . . 
8*4i      ,,      .. 
Sidphate  of  lime 
Clay    I 
Sand  / 


I. 

5906 

2407 

6-02 

341 

073] 
5 


2S5" 


147 


2. 

3- 

4- 

5. 

6, 

7. 

62-81 

61*91 

6033 

61*64 

6174 

5506 

2322 

2419 

2598 

2300 

^563 

2292 

5^7 

7-66 

704 

617 

617 

8XIQ 

200 

2'54 

246 

213 

045 

5-46 

1  J4 

I  15 

0*23 

— ■ 

224 

077 

VZf 

fo77 
046 

094 

— 

o"6o 

1  «3 

030 

— 

0,40 

170 

rjo 

— 

1-52 

1-53 

164 

>75 

2*54 

132 

104 

1-28 

I'I3 

227 

a. 

$22 

>J5 

059 
071 

J  It 
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Kn,  I  is  Portland  cement  from  "Wndte  and  Brothers,  analped  by  MirhacUs. 
St«>ttin  eement,  analysetl  by  Michaeli.s*   Nos?,  3  and  4  are  WOaauer  eement^.   N 
as  Stiir  eemfnt;  ami  No.  6,  nuutber   Stettin  cement,  by  the   wirae   analy- 
English  ecTuent.     No,  8  eeinent  from  works  near  Bonn,  both  analvMeil  by  1 1 
No.  9  iM  a  strong  and  poroiu*  i^ement,  analystd  by  Feiehtinger. 

Au  analytie  eomparii*tin  of  German  and  English  cementu  Ti,ill  be  uit'^i'mtHnjPt 
Portlaud  eemeiit  hiu-^  the  liame  colour  an  Eng^li^h  cement,  1  1  ,  '  V  *  * 
water  to  the  t^iiiue  •!  ;.-ree  of  durability.      Under  the  micr'> 

UjttiHl  uikI  si  if\    IT  1 1,  <nince.     The  .«])eeiJic  wt'igbt  i**  in  Imth     ,  ,     ;,.,   ,,...... 

'<■'  'Und  in  the  TjTob  near  Kuf.vtein,  yiebimg  an  eirelif-nt  vjimmi 

I'  the  following  notice: — **  Kuf«*tein  Portlaud  ojxuesit  is 


imlio  Uni#,  unlike  English  Portland  cement,  which  is  an  artifioial  hydraulic  lime. 

ajTd  in  e^ 
is  uu  unaljitia 


LIME, 


It 


••  product  of  burning^  a  marl  found  larrrtly  in  iiio»t  AJpiuo  dLstrirts,  apd   in  every 
icuble  condition  similar  to  EngliiilL  Purtland  cjcmGut.     Ihe  following 


» ntttri: 


^  Carbcmatcr  of  lime "JO'S^ 

ConKtitnents   f  Carbcmuto  of  m&guestA    . .      ♦ ,      . .      . .  102 

wiluble     in   I  Oxide  of  iron . ,  258 

liydrochluric .  Alumina       ..      ..      2*86 

acid               I  Gvp»am       . .     , .  0-34 

\  Water  and  orgamo  sulwtanccs        . .     , ,  079 

Total  ooDiitituenta  solublo  in  liydroehlorie  aoid  . .  7$ '23 

Constituents  i^^^^-^^^    []    \\    ;;    ;;    ;;    ;;    ;;  '5;g 

insoluble  m      Oxide  of  iron .,      .,  %o 

liyrlrochlonc      p^^j^ ^.^^  ^ 

'Sodtt    .. , o'%^ 


acid 


Total  conntitnents  insolublo  in  h ydrothloric  acid       2177 

K^uantitr  of  the  insoluble  constituenti  amounts  only  U>  2177  per  cent.,  while  most 

'  I  cout^iiTi  m\Xih  more  clay ;  in  practice,  howcvt^r,  the  tlay  ia  incretiflod  to  25  to  30  per 

The   Kufsteiu  marl,  fliffer^s  ttKi,  in  the  chemical  compojation  of   the  clay,  and  vm 

bown,  the  conrttitutloii  of  the  clay  jrr*'rttly  affcctii  the  qiuditie«  of  the  ccnicute.     A 

I  of  the  two  elaj'8  will  therefore  poJis6e*id  interest.     In  100  part«  of  silica  : — 

Chiy  fruiii  Clay  from 

^  Kuftjk'in  inarL        Med  way  mud, 

AltmunA '9'34  170 

Onide  of  iron      ..     .,     .♦     ..  ..  S79  216 

^otaak 345  2-8 

Soda 515  30 

3673  44  4 

AJUklysca  lOiow,  that  with  the  clay  of   tlio  Kufstcin  marl,  a  large  quantity  of 
",  boiieA  enter  into  combination,  more  than  poa<it>8i!*cd  by  the  clay  of  tbt'  Mcwiway 
lei^fore  the  clay  of  this  marl  may  be  more  readily  smelted  in  a  small  fire.     The 
atity  of   magnesia   contained    in   tho   Kuf»tein   I'ortland   ecment  probably  i* 
i  of  jtfood  effect;  aE  ffoud  hydratdic  coment^H  contain  hut  littl*>  magiietiia." 
ntion  of  concrete,  »o  farg'i'ly  uM?d  in  England  whtfre  a  ^oi>d  weathering-  mortar  is 
,  rauist  be  in<  hided  in  that  of  cementa.     Concrete  \b  a  mixture  of  ordinkiry  mortar 
i  stones^  ^t,  broken  brick,  tilca,  Jbc.     To  the  concret*?  is  generally  addod  bme,  and 
[the  whole  mixed  with  two  to  thrc  r  times  the  quantity  of  fine  Band.     Pauley  tcUt!  u<*  thut 
'  product  may  be  obtained  with  1  part  of  fn^jdily  burnt  lime,  in  pieceu  not  Lirgcr  than 
(t,    3^    parts  of   sharp  rivcr-»aud.  and  15   parts  of   water,  tho   whole  beingr  well 
The  brii  klayer  prt  fcr^  tu  mix  the  dry  material  and  then  add  watjtr,  tlu^  concrete 
|3»  raann^r  taking-  a  loof^cr  time  to  harden,  and  admitting  of  j^t*  at-er  care  beinjir  taken 
1  all  intcrstic^es.     Tho  «fveral  uses  of  concrete  are  too  well  kno1^^l  to  need  mention. 
t  <>m[»loyment  of  uubIaIonI  lime  in  the  preparation  of  concrete  was  firat  introduced  by 
k  Smirke,  of  Loudon,  to  whom  slao  ita  employment  aa  a  foundatioa  to  brickwork  ia 

liiiily  dfu^. 

:^       Th<3  banU'iiing  of  hydraulic  mort^irs  has  ofton  l>oon  the  subject  of 

I.     Two  views  icav  bo  tiikt^n  :  Hi-^t,  tho  more  Ht?tting,  tho  congealing  of 

ic  imtss  trom  a  flitid  state  t4:>  a  moderate  de;2:ree  of  hardnes*s  ;  aud  Uicei  tlie  liurden- 

f  to  a  attfJiiy  stato.    Tho  knowledge  we  possess  of  tho  sotting  of  these  mortars  is 

fly  due  to  ihe  experiments  of  Von  Fuohs,  Yon  Pettcnkofer,  Winkler,  Feicb- 

r,  Uoldt,  LieTen,  Schulat-Schenko,  Ad»  Remcte,  Heoreon,  W.  Mithaelis,  and 

I Seha^nuich-Carolath.     Thu  cements  when  thus  considered  aiia  beat  divided  in 

\  ckfis^'B : — ^Tbe  first  ehis*?,  of  wbich  Eoman  cement  is  the  tj^e,  enibraoes  the 

ari>  of  caustic  limo  witli  pozzuolane,    pulveiised  tilo,    and   briek,  and  sueh 

biiulic  mortar  as  is  olitainwl  by  burning  liydninlic  limo  and  niarL     All  the 

at  J  contain  cjiustic  lime  imacted  upon.     Tho  second  cliisa  comprehends  Port- 


Gy]>5um  IB  a  bydrated  sulphate  of  cald"iim  according  to  tho  formula 
^nHjO.     icx>  parts  contain  :^ 

Q  .  ,  o  .    .  Linxe 32-56 

^  S;5^  :;  ::  j:,^  suiphuncacid..  ..  ,6-,^ 

^_       -^^  '^    '  WakT 20*93 

^^F  lOO'OO 

mgs  to  the  commonly  occurring  class  of  minerals,  and  is  found  alone  or  with 
b  (karstonite,  CaSO^)  in  stmta  cliielly  of  tho  tertiftry  fortxiation.  The 
^  kinds  are  distingtmhed:  — i.  0\*p8um  spar,  foliated  gyi  sum,  f:liisa-9tone, 
■nfcoue,  or  eelonite,  possessing  a  very  perfect  eleavage,  and  allnwing'  fine 
vbe  di»parated  2.  Fihrous  gyp&iuii,  or  satin  spar.  3.  Froth -stone,  a  scaly 
16  gypHum,  4»  Granular  gTii^sunip  or  alabaster,  of  coarso  or  fine-grained 
'  5»  Gypsum  sftone,  plaster  stone,  or  heavy  stone,  a  laminated  ^'paum* 
f  gypsnm,  or  plaster  earth. 

^fHMm.  G5"p8um  is  soluble  in  445  parts  of  Tjrntcr  at  14"  C,,  and  in  420  parts 
|0. ;  the  solubility  is  i ncit^aitLxi  by  the  addition  of  sal-ammoniac.  Its 
^  under  the  influf'iife  of  heut  is  important.  Grahum  »tut*is  that  gj^psimi 
^U.  vacuum  over  aulpburic  acid  and  heated  to  loo'  C,  loses  hiilf  its  water, 
Hjombination  CaSO^-j-IIiO,  with  12  8  per  cent,  water.  According  to 
latatement  that  this  combination  does  not  harden  with  water  is  incorrect, 
J  to  Qo"^  for  Bome  time  15  per  cent,  of  the  water  may  be  expelled ;  at  170*, 
I  to  the  experiments  of  Zeidler,  all  the  water  will  bo  given  olf.  But  of 
iortunce  are  the  experiments  not  carried  on  in  vacuo.  In  the  air  gyj>sum 
J  lose  its  waU}t  at  100^,  and  tliu  loss  is  not  complete  under  132*,  Gypsum 
1^  all  the  water  has  bwn  removed  is  termed  burnt  gvyKSum,  or  spar-lime  ; 

r  property  of  re-f«inning  with  water  the  same  hydrate,  then  bt»coming 
Advantage  is  taken  of  tbis  property  in  the  application  of  gj-psum  as  a 
jlceortling  to  Zeidler,  gypsum  as  tochnienUy  employed  in  stucco-work,  &c., 
lydrous.  but  cc ntuin^  5*27  per  cent,  water,  Jf  g\  psum  is  "  over-burnt/*  that 
Ittbove  204',  it  loses  the  property  cf  hardening  with  water,  probald)'  owing 
il  of  its  bein^  eonv«a  teil  into  anhydrite,  which  does  not  re-form  with  water* 
iter  of  cr}*stalUsatio[j  of  the  gypsum  is  saUne,  aud  consequently  can  bo 
jby  the  addition  of  salts ;  tbis  probably  accounts  for  the  hanlening  of  unburnt 
Irhen  treated  with  a  dilute  solution  of  sulphate  or  Ciirbonato  of  potash,  &c, 
lening  in  this  follows  more  quickly  than  with  bunit  gypsum  and  pure 
With  sulphate  of  potash  a  double  salt  is  formed  accoitb ug  to  the  fonni^la 
lCaS04-h  HiO)  ;  gj-psum  and  bitaitrato  of  potash  gives  rise  to  tartar  and 
I*  gyi^^J'^i'  Chlorate  and  nitrate  of  potassb,  as  well  as  sodium  salts,  do  not 
^hardening  of  powdered  gj^^sum.  Gypsum  thus  hardened,  if  re- powdered 
fe|||Slidrwithsu  I  filiate  or  carbon  a  to  of  potash  solution,  hardens  once  more. 
fvm  is  made  of  this  property  in  ro-hardening  old  or  in  hardening  gypsum 
iently  burnt,  by  employing  instead  of  water  a  solution  of  carbonnte  of  potash. 
-  p«H»  Gyi>sum  i&<  burnt  to  efTect  the  removal  of  the  water.  Lately 
OTeznentahave  been  made  in  the  methods  of  burning>  it  having  been  found 
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tbiit  tlio  ^ood  qualities  of  the  gypsum  mainly  depend  upon  the  prapamtioa.   TSuw 
By  however,  a  choice  in  the  stone  to  be  burnt,  the  heavier  and  denser  ynmtm  4  j 
«um  jriolding  the  best  coinmercial  nrtide. 
Pftyen,  by  experimenting  with  large  quantities  of  gyp«um,  obtained  the  folloiria?  ] 
esmlts: — («.)  The  lowest  temperature  at  which  the  {5'y]>Bum  ciui  be  bu 
ivantiij^e  is  So*^  C,  a  bjng  time  ovL'n  then  being  required*    (b,)  A.  temj" 
iru'— 120"  yi*?ldH  tbo  bewt  toLhriicid  preparation,    {c)  In  order  that  the  bnmtiigl 
take  place  wjually,  the  g:>^>suin  Kiiould  be  first  rod  need  to  powder  or  small  ] 
ha  aim,  of  fOui^4M[\  is  in  all  cases  to  obtain  a  small  homogeneous  product  rather  tint  1 
*»  large  quantity  imequidly  burnt.     SinjiU  quantities  of  gypsum  may  be  barnt  tn«B  ' 
iron  vessel  over  a  coal  tire  ;  the  operation  should  Ikj  continued  till  no  aqueou:»  VApoia 
is  condensed  on  a  cold  glass  pluto* 

xiin«,  or  Huminir  OTrn».    In  lar^^o  quantities  gypsum  is  burnt  in  an  oven  or  ktln,  the  < 
necossjiry  preruiition  Iwing  to  avoid  unhanging  the  laj^ors  of  gyi'sum  with  eurhiiiA| 
OS  will  reduce  the  gypsum  to  sulphurot  of  lime  (CaS04  +  4C;:::  CaS4"4C0). 


Fm.  1S3. 
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A  very  simple  and  very  geneoi  | 
construction  of  kiln   is   shown  A 
Fig.  183.     It  consists  of  wsdla  a! J 
strong  moeonry ,  a,  spanned  byi 
arch,  ventilated  at  a  a  a.     la,| 
room  is  placed  the  gypsum  unljl 
fire  being  lighted  in  a  scries  of  I 
chambers  in  the  lower  part  of  tb  j 
room  :  brushwood  is  the  b»*i«t  ftttt  | 
hiBQ.  door  through  which  th«  mi-  1 
terial    is   introduced.       llic   uxra 
(Fig.  184)  used  by  M,  Seainzatryw 
Terj'  similar.     The   intj«?r  h»«>m  k  \ 
divided  unequally  by  an  aicii.  F, 
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\  from  the  floor ;  into  the  uppor  part  the  g>'psum  is  iotroduced  tKroUgli  tlie 
be  under  purt  or  fire-rtjom  is  lu  oonuection  with  a  flue,  K,  of  a  fiimaoe, 
nos  ivQxn  which,  driven  by  the  drau^^Lt  from  tlie  galiory  c,  Jiiti  carried 
I  pluv  upon  tho  arch  p,  the  hot  air  und  tjroses  passing  ihi-oug^  ace  into 
t>m.     The  Jiqui-ous  vapour  escapes  through  \u 

ail*«   oren»  shown  in  p,,,     j;^- 

185,    and    m    section 
^Bet'n   much   omploypil, 
I  "Resemble!*    Scaiie{Lrnttj'*s 
Ftruotion,  and  cou-^iHta  of 
plre-room    and    an    upjier  ';v>Ti*^^^t:"' 

in  which  the  gypsum 
be  fire-rotim  cutitalus  an 

I  door,  B,  a  gTut*  or  _  ^    ;     / 

Jjlirmrth,  t>»    A  draug-ht^  x— jpri^      f^ 
tX)mhuHtion.      The  hut        \^    '     J      ^ 
pii«id  hv  the  fliies,  £»  to 
p,  r.     The  widk  of    the 
Ii,  arc  of    eolid  tt^jtsnury. 
b,  fumif^hwi  with  u  **tiur- 

rfacihtiite  n<.'<.i*Hft  lo  tho 
the  chiinm  Vt  U  of  iit:m 
a  ehiek,  q,  whlrJi  can  bo 
y  the  ehtitn  v  u.  o  o  are 
|»ipc«.  In  the  wall  of  tlio 
II  arc  two  ojj*  nin^ ;  one, 
whic^h  adnilttauee  to  tho 
|4)  pJute  the  lower 
;  the  tjtlirr,  s^  for 
of  ^-pHuin :  buth  aro 
[iFM  (»f  iron  platcf.  An 
ncccHj*ary  in  tli©  hiiming-- 
U  nirtintaiii<*tl  by  the  po- 
^inoTit  of  the  chamber  f. 
,  elnj-<?d  Ht  the  top  by  the 
vidfi  with  twelve  oiwii- 
7  metre  hi(f)i,  the  cliaralwr 
I  metre  in  diumeter.  Tliri 
luw  commenced  by  the 
t  F  aro  e»mtinu(Hl  to  the 
room  by  the  arniuiremciit 
sks  of  gypKum.  The  layers 
SL«  »,  T,  are  plae^^  croA»- 
»t*4y  'with  intennediate 
to  farilitnte  the  draught 
HPilile  way,     Tho  firing-  iei 

mliy  for  four  houns  then  strengthened  for  eig-ht  hours,  when  all  the  oj^eningB 
ftd  five  to  «iii  eubir  metres  of  eoftrse  gypsum  powder  !*nread  equally  o%'er  the 
mming  gj'p«nra.  By  this  means  tlie  quantity  of  burnt  g\-psum  b  increaj«d 
nrlher  expenditure  of  fuel.  After  standiug  twelve  hours  in  the  oven  to  oool 
Ltent«i  are  removed. 

Aft€fr  tho  hurning  the  gypsurn  id  to  a  certain  extent  in  powder, 

ifieiently  even  it  has  to  be  ground.     Tho  usual  modes  of  grinding  are  in 

>t>ller  mill*     After  grinding  the  gypeum  is  sifted,  and  placed  iu  some 

ueTts  damp  cannot  aiFect  it*     Sometimea  the  grinding  and  sifting  aro  00a- 

e  apparatus ;  generally  the  mill  and  sieves  are  w-parnte. 

Gypsum  is  employed  industrially  in  ver>'  many  ways.  It  is  some- 
nnbumt  in  bnilding;  it  is  then  dilEeult  to  nmnipuhito  with  wator^  but 
llible  by  conliiineil  moistemng.  The  heavy  and  fast  fi ne-grainod  gypsum, 
le  white  powdered  gypsum ^  is  used  in  building  for  urehitectural  purpoeet. 
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From  tho  alabaster  of  Voltena,  Floreoce  va^es  were  fabricat<?d  of  great  beat 
Btime  material  is  used  for  makmg  Roman  jKjarls,     Ibe  clear  varieties  of  g  "Ji 
used  in  tho  niiinufactiire  of  cboapjLiwollery,  bein"^  ground  and  {lolished.  Tho 
gypsum  is  sometimeg  u^^ed  for  writing  sand,  as  a  subatitute  for  poutioe«  kc^\ 
gypsum  powder  is  an  iiigredient  of  porcebiin  manufacture.  Unbumt 
further  appliuition   in   the   couTersion  of  carbonate  of  ammonia  ijito 
Gyjisum  contains  46*5  per  cent,  sulphuric  aciii  and  18 '5  per  cent*  sulpburpjl 
Ur^'ly  employed  in  agriculture  as  a  manure,  both  burnt  and  unbuint. 
generally  received  that  tho  favourable  action  of  the  gypsum  upon  vegctatioii 
to  the  absorbed  ammonia  which  is  again  yielded  up. 

Patriility  gives  rise  to  the  formation  of  carbonic  acid,  which  combinet  WJI 
lime  of  the  gyjwum,  leaving  carbcmate  ol  lime  and  sulphate  of  ammonia.  I 
cxjilanation  of  the  cffieacj'  of  gyp^nim-drntging,  aa  it  16  tcnntdi  is,  however^  in^nlj 
llie  invc»ti§rations  of  May<?r  have  idiown  that  in  clayey  nrnlti  the  oxide  of  iron,  &c..,i 
hirjrer  and  better  combiiiatJonH  with  ammoniia  than  the  gypsum.  Thi;^  txuaniity  of  g 
iii»ed  i&  g-cnerally  about  5  cwt»,  to  the  acre,  containing  and  realtjdng  at  the  most  aj 
of  carbonate  of  ammonia.  Mayer  a  reacarcheii,  however,  show  that  in  an  Aere  of 
Field  land  , .  . ,  227  cwt«.. 
Chalky  soil  , ,  , .  J5S  ewt<i.. 
of.ammoma  were  contained.  Aixjording  to  Liebig^s  lat«  reaearehefi  (1S63)  It  appi^ 
the  gi-psum  jcri  ves  up  to  the  earth  a  portion  <rf  its  lime  in  exchange  fcxr  magi 
potajth.  But  it  must  he  bonie  in  mind  that  pulverised  gypsum,  as  well  aa  usbomt  g] 
when  brought  Id  to  contact  with  a  Bulution  of  potaah,  Beta  into  a  difficultly  aoluuil 
We  uia«t,  thru,  wait  for  an  adequate  theory  until  the  several  reactions  have  ' 
cloeely  utuditd. 

onMoni  Otots.     The  employment  of  gypsum  in  casting,  and  in  all  cases  wh« 
pressious  are  requir*.d,  is  veiy  extensive.    A  thin  pulp  of  i  part  gypsum  and 
water  is  made :   this  pulp  harden  si  by  standing,  forming  (CUSO4  +  aH^O] 
hardening  of  goo<l,  welUbumt  gypsum  is  effected  in  one  to  two  minutes^ 
quickly  in  a  moderate  heat.     Models  are  made  in  this  substance  forgalvani 
pm-poscB,  ibr  metallic  castiugs,  and  for  ground  works  in  i)orcelaLn  manuiaeti 
object  from  which  tho  cast  ia  to  be  taken  is  first  well  oiled,  to  prevent  the  adi 
of  the  gypsum.     ^Miero  greater  hardness  is  required  a  small  quantiljtr  of  U 
added  :  this  addition  gives  a  very  marble-liko  appearance,  and  the  mixture  t 
employed  in  architecture,  Ixungthen  known  as  gypsum -marble  or  stucco, 
sum  is  generally  mixed  with  lime  water^  to  whii^h  sometimes  a  solution  of 
of  xinc  is  added.     After  diying,  the  smfaoe  is*  rubbed  down  with  pumii 
coloured  to  represent  marble,  and  polished  with  Tripoli  and  olive-oil. 
scaliogla  work  is  largely  compoaed  of  gjrpsum,     Gypeum  Is  also  largely  Qtn] 
in  the  mantifuctiire  of  paj>or. 

nirxUninf  oro  ^nm.      Iliore  are  several  methods  of  hardening  gjrpsum.     One  _ 
oldest  consists  in  mlxin;;  the  burnt  gjq^sum  with  lime-water  or  a  solution  of  j 
arabic.     Another,  yielding  very  good  results^  is  to  mrx  the  ;:ypsum  with  a 
of  20  ounces  of  alum  in  6  pounds  of  water:  this  plaster  hardens  c*maplet«ly 
[30  minuteSi  and  is  largely  used  Tinder  the  name  of  marble  f?oment»     Parian 
lis  gypsum  hardened  by  means  of  borax,  i  port  of  borax  being  dissolved  in  91 
[of  water,  and  the  gj^isum  treated  with  the  solution.     Still  bt»ttor  results 
tained  by  the  addition  to  this  solution  of  i  part  of  cream  of  tAitar, 
The  hardening  of  gypsum  with  a  water-gla^is  solution  is  found  difficult, 
^b^tter  result!*  are  obtainf*d  than  with  ordinary  gypsum.     f'jRsot  obtains  artj 
>&om  gypsum  by  burning  and  immersions  in  water,  fijst  for  half  a  minut* 
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it  is  exposed  to  tlio  air,  and  again  for  two  to  three  minutes,  when  the  block 
re  as  a  hardened  stone.  It  would  seem  from  this  method  that  the  augmenta- 
1  hardness  is  due  to  a  new  crystallisation.  Hardened  gypsum,  treated  with 
:  acid  or  with  paraffine,  and  polished,  much  resembles  meerschaimi :  the  re- 
Bi^oo  may  be  increased  by  a  colouring  solution  of  gamboge  and  dragon's  blood, 
part  a  faint  red-yellow  tint  The  cheap  artificial  meerschaum  pipes  are 
fiEu^tored  by  this  method* 
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7E0EIABLS  FIBBES  AND  THEXB  TECUJNXOAL  APFLICATIOV. 


The  Technology  of  Vegetable  Fibke. 
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43*63 

43*87 
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Vegetable  fibre  or  cellulose,  C6H10O5,  is  the  fundamental  constituent  of  the  strw* 
ture  of  plants,  forming  a  large  proportion  of  the  solid  of  every  Ycgetable.  Oi 
fibres  of  the  hemp-j)lant,  the  nettle,  and  the  cotton-plant  are  long  and  fluffyi  td 
are  technically  tei-mcd  spinning  fibres.  These  and  similar  fibres  are  employ«i» 
fabricating  woven  tissues,  paper,  &c.  Treated  with  sulphuric  acid,  cellulowi* 
converted  into  dextrose  or  glucose.  The  pure  cellulose  constituents  of  fw4 
cotton,  flax,  and  paper  are  nearly  equal,  as  shown  by  the  following  analyses :- 
Material  of  Cells.  Wood.    •  Cotton.        Flax.        Paper. 

Carbon 43*87 

Hydrogen      . .      . .       6*23 

Oxygen 49*90 

lOO'OO    lOO'OO    lOO'OO    lOO'OO 

The  vegetable  fibre  for  use  in  spinning  must  be  fii-m,  pliable,  easily  divided,  id 
capable  of  withstanding  bleaching  operations,  if  required. 

Flax. 
rux.  The  flax  used  in  spinning  is  the  fibre  of  the  flax-plant,  Linum  usitaimfnth 
a  plant  of  the  class  Pentandriso,  order  Pentagynice,  in  the  system  of  Linna'us, «» 
the  type  of  the  order  Linacero  in  the  natural  system  of  IJotany.  The  flax  is  jratherA 
tied  in  bunches,  and  dried  in  the  fields.  After  diying  the  i»lant  is  couiUhI  ^Ith* 
iron  or  flax  comb,  to  separate  the  seeds,  and  is  then  bound  in  thick  bunchos.  Tl* 
fljx  fibre  used  in  linen  fabrication  lies  under  the  bark  of  the  plant,  and  is  sumiunW 
by  a  gummy  substance,  or  i)ectose  according  to  J.  Kolb,  whiih  must  bo  rem(»v«dlif 
mechanical  means  to  fit  the  fibre  for  industrial  puri^oscs.  This  is  done  by  *•  softeniBg 
or  "  rottening,"  by  which,  according  to  Kolb,  pectin- fi'nnentation  is  setup,  and w* 
pectin  converted  into  pectic  acid.  The  flax  is  kept  under  water  until  the  impuritW 
float  on  the  surface,  leaving  the  fibre  intact ;  this  is  the  soaking  method.  Am^th* 
method,  dew- softening,  as  it  is  termed,  consists  in  spreading  out  the  flax  in  k^*'* 
to  the  influence  of  the  atmosphere,  water  being  occasionally  thrown  over  the  fltf- 
lk)th  these  methods  are  unsound,  as  the  flax  is  liable  to  become  rotten,  while  tw 
impurities  are  not  thoroughly  removed. 
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iteffQruiB?.  After  many  cxiHmio en ts  wi til  different  chemical  substances^  an 
le  "bath  and  dilute  sulplmnc  acid  havo  been  found  the  best  agents  to  etToct  the 
itioo.  Tlic  llax  m  placed  in  large  vessels  of  water  hc»iitt*d  to  25"*— jo*'  by  ateam : 
lAndiu^  60  or  90  hours  the  operation  is  compk^te.  Tkis  moJe  of  treatment, 
by  an  alkidLneoroeid  solution,  yields  the  be^t  results,  the  value  of  tlio  proC'efid 
-r.  That  the  construttio]i  of  the  fibre  is  equally  affected,  rendering  the  nrticlo 
suited  for  manufnetuie.  2.  That  the  fibre  d«3e^  not  lose  weight  as  in  the  other 
ila,  wham  xo  per  cent  is  sometimea  lost.  3.  That  there  is  a  considerable  saving 
enso. 
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reU^  flax,  as  it  is  tt^chni- 
berrai^ii,  Kmsists  of  cellulose 
ctie  acid.  The  next  pnxvsa 
ntMi  acutrhimj,  and  inclusion 
m rating  of  the  fibre  from  the 
structure  of  the  sb'm.  The 
ie  for  this  purpose  is  showti 
'.  1S7,  It  consists  of  two 
thd  ojjper,  b.  is  of  woo<l,  in 
in  of  two  splints*  working  on 
»  Wontlen  knives  ai*e  placed 
the  splint  a  ^  and  are  arranged  to  act  upin  the  fibre  plmsed  in  A  by  pressui'e 
be  handle  c. 

tr  n«niriL'  iii*<  n»j.      Sciit<jhinpf  consiwtj*  in  two  crppr»ition» — brttiHiiig*  F»^.  i8Sv 

I  tin;?  nwfiy  the  woiMly  ptirt  ir*ym  the  fibre.  For  the 
I  i\w  Belgian  battiag-hiimnic»r,  Fi;^^.  1S8  and  1S9,  h 
1}  u^iih  It  is  a  *Ux^ply  proovi-d  woixhii  bltick,  fitnUMbwl  with  a 
inrcd  hdiuili*.  The  sheaf  of  flfix  in  laid  on  the*  iifmimd,  untied. 
md  oiit.  iind  ifl  beaten  with  tbo  haimntT  by  the  workman.  If  the  flax  is  wjt  suffi* 
loosened  by  battings  it  ia  aubmitted  to  the  a  winging  block,  Fig.  190,  having  a  cut 
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frtiirihH  of  its  heifrht  serving  to  hold  about  a  hnndftd  of  flax.  This  flax  ia  thea 
rith  the  scnl^ih-blade,  Fi^r,  I9i»  a  pietrc  of  hard,  ti:»agh  wooi!»  gpiMicrally  walnut- 
^MStead  of  the  awinging- block  a  grinding  knife.  Fig.  192,  is  sometimes  used  on  an 


Cotton.  ' 

k  OBttao.  Cotton  is  thn  fruit  of  a  shniliby  plant  of  the  species  Gossffpium^  raltintai 
^^■d  the  tropics  and  the  Southern  Stut*^  of  America  for  mftnnfactnring' purpcus^fs,  TW 
^Hhiit  consists  of  a  cup-shaptnJ  calyx,  ouclosed  in  u  three-cleft  exterior  csdyx^  Ixsmng 
^K^  soft  white  down.  Another  species.  Qtmsypiitm  reiujio^um,  bears  a  yellow  down, 
P"  Usetl  l»y  the  Chinese  in  manufacture.  The  down  is  kept  separate  from  the  w^rni  w^ 
packiMl  for  travellin]^,  t4>  prevent  its  beeominnr  oily  and  unfit  for  use.  WhU*^  murat 
»tato,  it  is  subjected  to  an  operation  t^i-rmed  pinning  in  a  saW'gia,  to  Bep 
wool  from  the  s^'od.  Wliitur-r's  saw-^in  conBist^  of  i8  t-o  20  circular  mv^ 
iH^volving'  cm  a  horizontal  axis  .iliout  100  timc8  a  rainute.  The  teeth  of  theeie  avs 
projet't  through  a  grating,  seize  the  wool  and  pull  it  through,  the  bars  of  tho  grating 
being  too  narrow  to  admit  the  Beed.  Twenty  saw-blades  will  clean  400  lbs,,-  and  80 
saw-bhidea  worked  by  2-horso  pow^r,  500  lbs.,  raw  cotton  per  day.  Of  lat»^  tho 
carding  cylinder  is  sometimeB  used  instead  of  the  saw-gin.  In  America  oil  is  Urgrlj 
extrrtctud  from  the  seed,  30  lbs.  yiehling  about  one  pound  of  oil.  The  seed  is  aI/o 
used  for  manure. 

sppcirt  of  Cotton .       Thr"  qaality  of  cotton  is  dncided  by  its  Hmoothnepfl,  and  diFtinp 
the  ponntry  from  wliioh  it  ij*  iraportod,     TIjo  varinuB  kinds  are  i—Xorth  Amrr 
Tislrnifl,    *>r  I.onef  Goor^dn*  OrlnunM,   Upland,   Lonisijiniif    ^Uiibnraa,  Terns* 
Vir;.'iinri,     Smith  Amtrieiiii :  F«  nifiiii)'ac,  Baliia.     Onlumfiinti  nnd  Penin* 
]  >oTr>iTkfr'>t  Bahaina,    BartlKf  ktuy.     Kant  IndJjiin:    DhoUprali,  Suriit*',    Mituuij*,     u  » i5i> 
J5.  ii^mI,      I^fvant:    Mrio<xlMnian,   Smj-rna.      Egyptian:    Mtiko  or  JilnieL      Ati*trxliiDI 
^^  Qij»  (Hiwland.     Eurt>i«'au  :  Spaiii>h  and  Sicilian. 

^H  cbiiup  ftpiujiiDff.      Before  being  spun  into  yarn,  the  cotton  has  to  be  subjectted  to  fti 
^^^bUowing  processes : — 

1.  The  looi*eriing  and  piirifvin^  of  thr  raw  cotton  from  the  varions  iinptmt)€<«»  nukU 
sand,  grit,  &e.,  is  afcomplislicd  by  beating  M^th  tbf  hnnd,  or  by  the  Wolf  murf- —,  i.r 
nifuns  of  a  cylinder,  the  ^Tirfaco  of  \vlui:h  is  coverc<l  with  sharp  iron  U'ttth,     Th*'  ^ 
simil«r  to  the  Wolf^  but  it  h  not  fuminhwl  with  such  ftharp  tcclh.     Tlie  fullinir 
machine  {battntr  tttthtn)^  and  the  boating  machine  [hattenr  ipfuchtur),  are  lH)th  < 

Th«  beating  murhine  lousens  the  cotton  that  wita  not  quite  opcui^,  and  allows 
thmui/h  'A  grid  btmeath. 

The  Fulling  or  RAiUing  ^fachino  (btitfvm-  itnUtir), -^The  mechanism  of  thie  m;  '  i-  ' 
inntjother,  and  pidls  in  the  oottrm  more  quickly,  working  it  into  fibrr*  of  th*-  -    .  - 

of  i\i\x,  which  are  drawn  over  the  rf»llor  and  nftorwards  cardjod.     A  new  ma«  1    1 
conr+tnicted  under  the  name  of   V Kftffmf€Hi\  a  »t^p   Ktween  the   hontin>r    hi  1  . 

machine,  which  supplies  advantages  not  met  with  b<?fore.     The  Epuratetu  is  pntf 
for  tlie  mttToifaetiirc  of  wivUling. 

2.  Tl)i>  CombiBK^  or  Canlitig,— Before  the  <v»tton  is  pliK^ed  in  the  mH"  :  -  ^ — ^ 
pris-cd  YUider  a  wotklen  n:>lhr  to  remove  the  surf  hoc  thrc?ad  atifl  oti 
w  >ni  b  fnll  off.     After  the  rolling?  the  liVe  appears  likt-  u  delicate  flax, 
iti  the  true  carding,  in  which  two  ruaehmes  aire  uned,  the  coiirse  ctimb,  »  re. 
dnim  coveretl  with  btt»el  t<»<_nh,  and  the  fine  comb,  which  firit«*b*»«  fhe  «w  v 
filumrnta  of  the  fleece.     The  enm>ifd  fle^-ce,  whr-n  it  leaves  t ' 
form  ftf  u  loose  ribb-m  bund      It  is  now  submitted  to  the 
to  equaliM?  the  length  of  the  bundn,  the  wmling  procej«  n.......  .il 

oncijoui  ttubiitjinre.  Of  late  the  fihnw  «re  wpanited  before  cftr*: 
ln'ing  iH'tweeu  the  long  iibre  of  tJ«orgia  (St'a  lalajid),  and  tii^ 
Florett  flilk. 

3.  The  Strceliing  or  Drawing.— The  machine  rflecting  this  eonaiflts  of  aometimei  tir»i» 
BIX  rollers,  but  uHuaJly  two  paira  of  small  roDcrs,  over  wludi  the  ribbosLS  art*  dnwa  ub^ 
they  ai*e  of  equaJ  Hub-Htanf?e. 

4.  Tloviug,  or  unwinding  the  ribbon  into  yam,  which  may  be  conaidf»r^^    '-  •> "  ^1^ 
prmeHs  of  spinning.     The  fleeee  if*  stretclied  too  times  finer  than  it  wa«  I 
and  the  more  it  ift  utretched  the  iiner  becomes  the  yarn  for  spinning.     The  s 
kio«  ly  at  first,  in  pn>portion  to  its  length,  and  draiim  more  tightlv  a«  reqiart^L     hy  tiUt 
pruce^  yams  of  various  degree  of  finenesi  are  easUy  obtained.    The  firrt  drawing  yu^ 
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f9xn^  IH«^  sobscquent  clrawijigfi  fumisli  the  finest  and  most  delicnto  yam  for  spmning'. 
_,%T*ni  b<i  toi  finti  for  the  purpose  required,  an  in  the  TiiJitmfacturc  of  oonrse  fabricSp 
Ui  riani  e*i<l«^  lu*  they  ure  tt< ■clinically  tt'rmcd,  are  pLii-o<l  tojreHKir  from  the  first  drawing' 

psaed  iato  oa©  ribboa;  thia  proceaa  can  bo  coiitiuued  imtil  the  required  texture  iji 

The  ram  (twist J  is  dow  rendcrod  firmt*r  by  laeaca  of  the  throsUe  and  the 
^If  mule  machine,  which  has  quite  simersotied  the  Jenny.  To  th^  mule  machine 
m*e  owe  the  yarn  termed  water  -  twist,  whieh  la  very  strong  and  indispensable  in  the 
betiSfe  of  corded  matenolfl^ 

Of  tliD  diJforent  textures  in  wtdcli  cotton  is  employed,  we  have  thoie 
^cinillel  cords:— 
Linen,  jrhized  : — i*  Caltoo,  cotton  and  linon  prints*  2.  Kankeen*   3.  Shirting, 
4*    Towelling  cambric,      5.    Scotch  cambric.      6.    Jaconet,      7.    Printed 
calicoes.    8.  Coloured  textures,  such  as  gingham,  cotton  btire^e.    9.  Various 
transparent  muslins,  such  aa  Zephyr,  orgundi,  vapour,  coi'ded  muHmualin, 
tulie,  and  gauze. 
Cotton  matorials  with  cross  cords  r—i.    Huckaback,     2.    Cotton  merino. 

3»  Drill.     4,  Bast.     5.  Satin.     6.  Fustian, 
A  rough  w*xtUen  atuffcalledl)eaverte»^n»  n^emblingfnstian,  a  fi.ner  moleskin. 
Other  cotton  fabrics  are:—!.    Dimity.     2.    Drill  and  fustian.    3.  Cotton 

damiiitk.     4,  Pique, 

From  the  same  manufacture  we  get  cotton  velvet  (Manchester). 

._, ..  r- ,frtfi.    Suh«titut«>»  for  cotton  are  found  in  the  black  poplar  (A/^m/mji  wr^r«) 

F,  (rt'trtftfii)  ;  the  fibres  of  the  latter  an?  not  so  elastic  as  some  of  the  »ub- 

f.tl,      Tlu.^  mnh  {Junem   ryMvwvJ^   the  Gorman    tamarisk,  and   the  thistle 

the  Snlijf  /}enfffndtn,  the  Zmtera  marinn^  and  tha  flax  tree,  supply  mate  rial  for 

L!v».  Snmr*  tw**ntT  years  agoCheralier  Claufwen  (tntleavoupHil  t^>  open  the  filamenta 

I  V»y  steepiniar  the  fibres  in  a  bath  of  1  part  fiulphime  add  to  200 

in^  it  into  a  weak  «olntitm  of  carbonate  of  soda.    By  this  pro- 

^  ■  ,,  i,,^    1  II. iM  ft  downy  ma^  re^^mbliiig  cotton  in  ltgrhtne*a  ;  but  the  method 

lul,  aa  the  fiminesa  of  the  fibre  was  injored,  and  its  iraluo  deteriorated  in 

There  is  a  great  tlifScult\"  in  detecting  cotton  in  linen  fabrics  when 
are  closely  interwoven.    The  old  niethorl  of  tcHting  the  presence  of  cotton  in 
^  Was  by  placing  it  under  a  powerful  microscope,  but  chemical  analysis  presents 
►reliable  methods.     The  following  tesi^,  reconimendod  by  Kindt  and  Lehnert, 
I"  the  exi&tetice  of  cotton  in  linen  by  absonition.     The  linon  containing  cotton 
^iiplac^mi  in  a  bath  of  sulphuric  acid  of  i'83  w[).  gr,  f<>r  i  to  ij  niinutL".^.     The 
kn  fibre  iu  immediately  absorbed,  the  sulphuric  acid  acting  upon  it  more  quirkly 
\  uj»on  the   linen  ;    the   fabric   upon    being   drif^d  ha*  a  curlod  or  slmvollud 
ferance.  Othor  fibros,  aheep*s  wool,  silk,  and  flax,  are  now  treated  cheTiiically, 
^Iketr  srooothne<<iij  and  glosainci^  are  attributablo  to  chemical  agency,  whieh  is 
d  to  be  the  gri.'atest  preservative  against  decay.     The  colour  test  of  Eisner  is 
Ul,  but  not  always  successful,  on  account  of  the  transition  of  the  delicate  colours 
g  Br)  instantaneous  as  to  make  it  difficult  to  form  a  dtjcision.     As  a  colour-test 
ft  inay  be  taken  half  an  ounce  of  the  root  rubia  tinctorum,  macorat<:id  in  6  ounces 
bohol  at  94  per  cent,  for  twenty  four  hours.    When  filtered,  the  tincture  appears 
)ftr  b^own-^"ellow*   Pure  linon  fabrics  immersed  in  it  become  a  dull  orange -red, 
tUTB  cotton  yellow ;  the  flax  fibre  will  assume  a  yellow-red,  and  the  cotton  a 
bt  yellow,  the  fabric  appearing  not  uniform  in  colour,  but  streaky.     TfVlien  tho 
fe  becomes  so  unoijualiy  streaked  oa  to  make  it  difficult  to  discern  whether  it  be 
lor  cotton,  the  following  test  will  prove  decisive ; — Place  the  streaky  fabric  in  a 
fam  of  ^irita  of  wine,  and  then  in  a  weak  solution  of  aniHne  red,  by  which  it 
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id  flaxen  fibres  are  separated  by  boiling'  in  potash,  wliidi  loosens  tlie 

VFOol  or  silk,  leaving  the  cotton  and  linen  fibre's  unaltered,     Pohl  gives 

ig  tost :— Place  the  fibres  in  u  solution  of  picric  acid  for  one  minute ; 

Ly  wtksh ;  the  wool  or  silk  fibimenta  will  have  turned  ycsHow,  the  cotton 

retniiiuing  white.     This  can  b<?  applied  to  inixtxl  fnhric^ ;  but  the  most 

tod  is  under  the  microscope,  whore  the  linen  fibre  appears  in  a  cylindrical 

195,  and  never  flat.  It  m  not  stiff  nor  twist*'d,  and  is  chiefly  ebaracterised 

wnees  of  it-i  inner  tube.     Hemp  is  similar  to  Hax  fibre>  bang  ejisily 

Its  ends  branch  out  gtiffly,  and  its  tube  is  open.    The  fibres  in  cotton  fabrics 

Cf  a  close,  thin  texture,  Uke  a  twisted  band,  as  in  Fig.  196.     Sheep's  wool 

microscope  appeal's  thicker  than  the  other  fiJaments,  having  a  perfectly 

stalk  with  tile-shaped  scales,  as  seen  in  Fig.  197.   The  silken  fibre,  Fig,  15^8, 
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►lumii,  smooth  on  the  exterior  and  easily  distinguishable  from  wool, 
f,  representing  a  mixed  silken  and  woollen  fabric,  as  it  appears  under  a  low 
Wool  and  cotton,  Fig.  199,  are  also  easily  distiuguiahed  from  one  another. 

Pater  Maki^s'G. 
rrifcr.     Paper  is  in  reality  a  thin  felt  of  vegetable  fibres  mechanically  and 
Uy  chmEed,  crushed  and  torn  into  a  pulp  suspended  in  water.  This  pulp  ia 
iquoUy  in  thin  layers,  drained,  pressed,  and  dried  into  the  compact  sul>stanoe 
[laper. 

liistory  of  paper  we  have  the  following: — In  veiy  ancient  times  men  engraved 

n  «ton<'»  irt>o,  lead,  ivoT\s  wood,  &c.,  and  by  this  mt*ans  handed  down  their 

1  Hty.     Lat4:^r,  palm  and  other  Jeavos  were  urn  A  for  this  parp'»«e»  also 

r-ec-A,  Dfipe^iullT  the  sinooth  iimer  bark.     The  o)i  Germans  wrt>t<*  upon 

I*,  ,,.  .   ,iirr»?  ia  still  an  old  Pagim  poem  in  existence  vTitton  on  this  bark.     Other 

^intorl   with   a  branh   on  cotton  or  taffeta.     Todee<l,  about  600  years  befofs 

fc  Egyptians  proimixd  the  Cypnis  gTass^  Ct/ptrm  P^purm  or  Faftt/m^  antitjuorum^ 

tg  puri^jeea.     l^s  grass  grew  from  2  to  3  metrefl  high  ;  speciniena  arc  very-  rare. 

Inp  of  tho  Roman  Empire  it  was  tbo  enstomary  moans  of  conveying  intelHgenoe, 

'cmisider«d  a  luxury  until  iioo  or  1200,  when  its  u&t?  was  di.^ontinned,     A  cotton 

I  then  Hubstituted  nnder  the  name  of  parchment,  niid  was  hchl  in  f^reat  favour  on 

jf  its  strfTi'i^th.     Spnnirth  paper  wita  much  estcemtnl  until  1200.     About  thrtt  time 

pt  wftM  made  to  mix  cotton  with,  linen  ra^.    This  was  ac^ompliBbiMl  in  rjiS*     It 

g^Jmmnki  Germany  until  1400,  although  the  Erst  account  of  its  mauuiaoture 
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is  in  1590,  wben  Mtirr  opened  a  Ivr^  paper  mill  in  Ntuemborpr*    IM*^  «Hll  ^  I 

mention  of  3.  paper  mill  hj  Shak^ppartf  in  the  Seoond  Part  of  Hcauy  ^ 

pffty  bein^  laid  about  a  <t'nturj^  bofore  the  tline  it  was  written,     li 

Sir  ^iA\u  Spielninii  owiiotl  a  puper  mill  ucur  Dartford  in  1588,  for  the  eit-  juu  ^t  *i 

was    kiiight€^    by  Queen   Elizabeth.      iSiuce    thifl  time   the   manufacture  ha« 

progTcwM;'d. 

p«{^[\t^Qr^rc.     'I^^'^  c'h  t  f  materials  of  paper  manufacture  are  the  waste  mgs  i 
flax,  henip»  silk,  trmuI,  and  cotton,  TKe  liuen  rags  are  mostly  in  reqiK^st for  1 
the  bc^st  and  most  durable  white  writing  and  printing  paper.   Silk  and  woolleoi 
are  unfit  for  this  purpow,  as  the  bleaching  material  will  not  act  upm  atiiituil  niS 
stances.     Cotton  in  a  raw  state  requires  less  preparation  than  hemp.     Eo;!^  ait 
classed  under  diJTerent  d**nunij nation 3,  — fines,  seconds,  and  thirds,  tL' 
prising  fustian  a,  tMinlurnys,  stamps,  or  prints  as  they  are  teehiiically  t' 
waste  refufo  from  the  wadding  macliine  usetl  in  cotton  spinning  is  ♦ 
scribbling  paper.  Bibulous  papers,  such  as  blotting  and  filter  papers,  ai    „. 
woollen  nigs,  on  account  of  their  open  texture ;  cotton  rags,  also,  make  a  1 
looser  paper  when  unmixed  with  linen. 

Ra!wtitvt*  for  Rjff»        The  conMutjiption  of  paper  in  Europe  has  more  thtm  doubled  ^Uunl 
last  fifty  yeara^  and,  owin^'^  to  the  ineifioieut  jtnpply  of  rags,  sub*^^^* '*      ^     ^  *^  ^"  f-ir^  ^ 
in  straw  and  wood.     Thc^  ( 'binew  first  u^ed  vegetable  pulp  for  pi 
inner  bark  of  the  bamboa  i/*  particularly  celebrated  an  atTordiug  a  i    ; 
delifnite  iinprc88iona  from  copper-plate,  and  this  paper  waj*  origitiAiiy  < 
The  (.Tiineae  also  use  the  bark  of  the  malburr)'^  and  chn  tvn'v:^,  hemp,  rior 
Amouiif  the  straw  Hpccies  appeara  the  maize  (Indian  com),  from  tht  i" 
laudv  that  for  purity  and  vvliitenesa  t^iunot  be  equalled.     Also  the 
or  Son/ A  urn  natc/»arafnM,  a  native  of  North  Anierici,  is  used;  in  i.*..  ..  .,w,  --.Lyi 
of  tough  fibi-oua  vcgtt.uhb',  and  even  animal,  pubetance  has  been  trkd,  but  of  tho 
hits  been  most  Kucoer^sfully  applied,  in  enmbination  with  linen  and  •  otton  ragu,  1 
silien  contained  in  the  straw  ia  destroyed  by  nieana  of  a  strong  alkali.     If  the  ( 
not  projKrly  prepared  the  pnp£T  will  be  brittle,  and  nnBt  for  u»e.     The  n***  of  \ 
not  vury  exton»ive,  owing  to  the  extra  expense  of  preparjition,  an  ' 
procesH.     It  iH  used  for  making  common  brown  paper,  but  it  i*  1 1 
atilfnoHS  to   cheap  newspapers.     All  soft  wcnckIs  are   fit  fur  pnp»  :  ... 
trembling  poplar,  Hndon^  a(ipen,  fir,  ifcc.  ;  the  pine  is  of  t^io  rer^inous 
luuih  value,     llie  preparation  from  wo^^d  is  mttde  in  the  ft»llowing  maii 
sawn  and  eplit  into  suitably- seized  pieces,  and  the  tibrea  ijeparatetl  by 
homontiil  njllers  eopiouHly  HuppUed  with  a  stream  of  water.     The  v. 
two- thirds  of  the  mat^,  is  th«:'u  remov^ed  by  fxirther  presf^ure*  generuliy  DTriiituur. 
1867,  Bashet  and  Machjinl  tnuted  the  woi>dy  maten:d  with  hvchxM?lUori)C  aoid, 
waste   wood  has  been   treated   themieally,  in   the   large   inamiiaetory  *>f  Armiin? 
Philadelphia.     The  tiue*tt  wood  b*  set  apart  into  lots.     No.  1  is  u^ed  1* 
and  printing  paper;  No,  2.  wall  paper,  packiug  paper,  and  inferior  a  pi 

paper ;   Nos.  3  and  4  for  lalxd  and  pasting  paper,     Spaniah  w  oodd  are  litx^'cly  ; 
account  of  their  finioothnetts. 

lUnerfti  Adduions      We  find  nuncmls  used  in  the  present  mannfncture,   A  tt   ^  -- 
to  tbt  lUg*      Qf  ft  mineral  ImmIv  to  the  paper  material  whitouji)  the  wlml 
or  ordinary  paper  ia  f^ut'ee^^hfuUy  employed..     It  ia  unfit  for  veiy  thiii  ]    . 
shiny  and  brittle,    A  piofiiable  addition  of  mineral  matter  is  from  5  U^  to  jHr  c^t  of  i 
weight  of  paper,  a  greater  adilition  making  the  pap<yr  dnU,  brittle,  and  hairy  ff*  writ*  1 
The  u*uid  minoral  mixtTin^-4  infrequent  w^e  at  the  presc'nt  day  are — vh. 
China  ehiy,  and  kaoliu.     Aniline  pearl-hartlening,  dia<*oh'ed  into  a  v^tl]' 
ifl  mo^t  preferred,  being  not  m  expen><ive.     In  1S50  it  wa**  fuvoiirHbly  n. .  i>.  .■. 
name-i  of  fixed  white,  raW|Wliite,  patent  white,  or  permanent  white.     With  lookilotf.^ 
paper  pdlp  15  kiloa.  uf  the  pa^te  is  generally  employed. 

****'briund'  ^*^'       The  idd  meth<Hl  of  making  paper  by  hand  was  from  the  pulp  ( 
waste  paper  placed  in  a  mould  of  the  required  size  ;  but  this  method,  altliough  i 
U6<jd  for  writing  paper,  was  found  to  restrict  the  size  of  the  shceU,  and  difla 
methods  were  tried  with  \'aried  success,  tin  til  a  machine  was  invented  which,  witi 
tht  aid  of  moulds^,  muniilkctured  the  pajier  in  any  length. 
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Tho  Cutting  and  Sorting  of  the  Rags.  The  firgt  operation  is  per- 
o  muchint^a^  calUnl  tho  halt- holla n dor  and  the  wholo-holliindtir.  The 
treated  chetnicully  with  potsi-sh  to  r<it  thism,  Bj  the  old  mt?thod,  rags 
pieces  it^jout  4  inches  square,  hy  hoing  drawn  acmss  ft  sharp  knife  fixed 
Machinery  hus  guporaedod  this  arrangement,  nnd  rarious  cutting 
9  been  invented,  among  which  wo  may  mention  that  of  ilr.  Dayey,  in 
ontal  knife  revolves  around  a  fixed  cylinder  cuttinir  the  rags  into  strips* 
Jig  machine  can^iKts  of  two  knives  radiating  from  a  wheel,  and  bearing 
or  knife.  Some  machines  are  eonfttructcd  with  a  quantity  of  circular 
teel  plates,  like  the  machine  of  UftVnheimer,  of  Vienna.  After  cuttings 
leansed  from  dust  and  other  impurities  liy  tho  Willow  machine.  Tho 
lifting  machine  is  in  the  form  of  a  di*iiin  with  the  upper  part  covered 
^ting.  The  rags  are  put  iii  by  a  side  door,  which  acts,  as  the  drum 
refuse  door,  casting  off  the  sand  and  impuritiPB,  leaving  tho  rags  wibt 
■  are  next  boiled  in  nn  nikalinu  Ivy,  or  solution  of  4  to  ro  pounds  of 
soda,  with  one- third  of  quick- lime  to  100  of  tho  muterial.  The  rags 
large  cylinders  slowly  revolving^  and  causing  them  to  be  coneti^ntly 
Into  these  cylinders  a  jot  of  chlorine  water*  with  a  pressure  of  30  lbs. 
inch,  is  directed.  H.  YoltRr  pu  ten  tod  in  1859  a  horizontal  steam 
h  receives  the  steam  from  a  tubulur  guide-cock  pn>vided  to  the  Itoiler, 
der  revolving  to  move  the  rags.  Tho  distil nt  end  of  tlio  boiler  and  the 
let  draws  up,  uud  the  ma.ss  is  easily  prntred  into  the  washing  machine 
i  state  (Silberiaiui's  Washing  II ol lander).  Although  pailly  cleansed 
nethod  the  r.igs  still  require  further  boiling. 
*^  wbSJ^tuff       ^^®  machine  uswi  in  separating  and  rending  the  rags 


iiirman  stamping  machine. 
g  mill  (rolling  hwlhmder), 
httlf-hol  I  tinder, 
whole-holhmder. 

rags  were  rotteii  before  (rnwhing,  being  placed  in  a  stone  troogh,  where  in 
dayii  they  became  heated,  and  developed  a  htron^  Rmniatiiit<*Al  odour, 
aee  was  covered  \*nth  a  moidd,  the  m^^  were  ftul!!* neatly  defrayed  for  the 
nnFftctare.  They  Mere  then  tnkcn  out  in  a  hrown  iiiunh'  thowe  rcmainmg 
lent  Ix'infi^  uM^d  tor  cuar*e  paper.     The  prewiit  metlMxl  of  boiling  th«  rags 

preferable,  giviniar  the  paper  greater  firmiie*** 

Tlie  Geruian  stJiTOp  nmchiue  is  at  the  present  tim?  only  to  bo  found  in 
ictorie*!.  It  i,"*  of  tho  nature  of  a  hammer.  Six  or  ei^ht' stump  md»  tare 
rong  ofdc  l>eam,  and  work  intenuitteutly  with  a  s«.'t  l>c4ow.  Tiiroui^h  an 
led  with  a  fine  sieve  the  water  ia  conveyed  away.  As  the  hannuers  rim 
unp  hole«  wrve  for  a  water  conduit.  Three  to  five  hammers  work  ia  each 
^  are  mixe,l  with   mifficient  water  to  form  a  pulp,  and  remain  in  the 

20  hooi^  and  more. 

rhe  hollander  mill  i  a  fast  becoming  a  universal  favouri  to.  It  is  som  ewhat 
dple  to  the  stamping  macliine,  but  in  strength  and  ^j>^^d  greatly  excels 
iichine.  Fig,  3or  is  a  halt'-hollandor;  Fig.  20 a  the  vertical  section 
ne  AB.  Tho  chief  characteristics  of  the  hollander  arc:— i.  Speo«l  of 
the  trimming  knite.  2.  The  box  of  knife  edges  under  tho  revolving 
The  trough  and  revolving  cylinder.  4.  Tlio  cap  or  partition  above  the 
'ent  the  mass  b^nng  cast  out  when  in  motion.  The  trough,  c  c,  is  a  long 
I  of  cost-ii'on,  stone,  or  wood  lined  with  lead.     Tho  cover  resta  upon  a 
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|>artition,  x  x,  of  pqual  height  with  thi?  outf?irio  wall.  ThemiicliineiflcliTid«4ili4ol 
ports,  the  working  in<le  in  which  the  raf»8  arc  torn  or  shrt^dded  between  the  taiif^ 
ctd^s  on  the  cylmdPT  and  those  in  the  box,  and  the  running  side  intn  whirh  thi 
6hrcM:ldi>d  nif^  ar<?  thrown  hy  tho  revolving  cylinder.     Under  the  crlind*  v  i*  4 
massivo  oak  blo^k,  t^  tbo  craw,  itjj  roncavo  surface  f^oniprisincp  tho  fourth  fmit 
drcumferenco  of  the  cylinder.     The  side  y  is  a  littks  and  z  much  mdmc^     . 


-Ml    I  ,^iM   \  I 


way  hetweon  h  I'arc  two  Btrongbeanis^  ly  w,  supporting  the  metal  bearings,  in  irk 
works  the  axle,  o  o,  of  the  cylinder.  From  the  roller,  Q,  a  niiTiiboi's  of  cutteiti 
parallel  to  the  axis.  Tlie  kuivus  are  of  soft  steel,  and  in  the  whole-hollandcxi 
times  broniso.  Beneath  the^e  a  series  of  knives  is  placed,  against  which  the  rftg*i* 
drawn  by  the  cylinder.  In  order  that  by  the  movement  of  the  cylinder  none  of  tl 
material  ehould  be  thrown  oiitj  a  cover  is  provided,  the  dirty  w&ter  thiowm  I 

Fio.  202. 


falling  through  the  sieves,  t*  i',  and  flowing  through  the  opening,  ^y.    Clean  1 
Eows  in  from  the  top  of  the  hoUander*    The  washing  finished,  the  water  pipe  is  a 
by  means  of  a  sliding  partition,  each  partition  having  an  inner  one  to  prevent  i 
pulp  passing  away.      The  ragg  are  poured  into  the  top   of   tho   hollasder  ' 
the  requinile  quantity  of  water.    The  roller  revolves  100  to  150  timcfl  a  mimitob  * 
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ng  more  readily  in  the  fluitl.  Having  passcMl  the  cylinders  and  the  lower 
of  kiiivea,  the  mass  flows  over  the  steep  slope  uf  the  craw,  z,  while  the  rcdler 
iouea  i\&  work.  This  modo  has  this  ftdvantago,  that  tho  rags  have  an  iinintcr- 
flnw.  and  that  all  parts  havo  tho  same  resistunce  under  tho  roller.  Tlie  work 
le  hjUf-hoUAuder  is  of  two  hours  duration  for  soft  and  clean  ruga,  a  longer 
V^ing  re<iuisite  ♦or  cnarso  and  dii-ty  tnat^Hals, 
Kwrtitixiiwpiii^  Aft^^r  thia  the  mass  is  placed  in  another  miichine,  tho  whnlo- 
liolkjiilt.^r,  and  bleached  by  a  solution  of  chloride  of  limoi  chloririu  wji^t^jr,  chlorine 
fna^  or  other  bleaching  agents.  The  limo  is  retained  in  tho  machine  until  the 
AgB  we  sufficiently  bleai  hc^d  ;  the  pidp  is  then  let  dow^l  into  long  slate  cisturos  to 
Mecpbeiore  placing  in  the  beating  machine. 

An  armng»^ment  for  bleaching  by  means  of  chlorine  gas  is  exhibited  in  Fig.  203, 

y^^  jETis  IKi43si*s  from  the  generator,  a  a,  into  a  wooden  chamber,  A.  in  which  the 

i]p  is  nrrongad  on  shelves.     These  ahelyes  have  openings  admitting  the 

gns    as    shown    by    the 

mows.    The  surplus  gas  escapes  Pio. 

Uiwugh  opening,  <r,  to  a  reservoir, 
liiich  is  also  used  fnr  bleaching 
tho  pulp.  The  pulp  is  then  re- 
jaoTeil  washed  by  a  sohition  of 
lEida,  jiotiish,  or  urine,  nod  after 
lUtuimg,  workeil  with  antichlore,  a 
km  (riven  by  bleachers  to  any  salt 
ii«>utTaliaes  the  pemicioixs 
effwta  of  chlorine  Ti[K>n  tho 
By  this  metins,  m  each  100 
of  hiilf-stuff,  3 "5  to  5  kilos,  of 
salt  is  dovelopetl  by  the 
of  the  chlorine  gas  upon  the 
AVlicn  bleached  by  chloride 
I  to  2  kilos,  an?  applied  to 
Hliis.  of  pulp.     Allien  greater 

\ai^&A  is  itjquii'ed,  ahttle  hydrochloric  or  sulphuric  acidia  added,  aUhoujih  care 

tie  taken  in  its  use,  for  appliLdtoo  largely  it  destroys  thi?  fibre,  Orioli  employs 

K'lilorit'?  of  aluminium,  known  by  the  name  of  Wilson's  bleaching  preparation, 

iito  of  alnminium  l^ein^  obt^iined  on  tho  one  haml,  while,  on  the  uthir,  all  the 

king  L^ffects  arise  from  the  deliver)- of  ozonised  oxygen  (vyaCloO^  =3t )  +  AliClfi). 

rwjitnipp*s  hypochlorite  of  zinc,  under  the  name  of  VaiTentrapp*s  bleaching- 

pfnrditr,  is  woithy  of  notice  as  being  extensively  used.     In  this  powder,  chloride 

.k**.'ompostMi  with  zinc  vitriol,  or,  better,  with  chloride  of  zinc,  is  employed, 

litachedby  chloride  of  zinc,  tho  mineral  acid  decomposes  tho  chloride  of 

iiui.',  therefore  no  risk  is  incurred  by  the  fibre. 

AinifWunL       \Mien  the  bli^ach  rctnins  chlorine,  it  is  washed  in  soda,  potash,  or  anti- 

fc•^)l,  to  neutralise  the  adhoring  hydrochloric  acid,  which  merely  washing  in  water 
fl  not  effect,  Tho  chief  constituents  of  antiuhloro  are  sulphite  of  soda,  chloride  of 
^  and  hypomilphite  of  soda.  A  molecule  of  sulphite  of  soda  (Na^O,  +  7H,0) 
^  ;  1  molfjmde  of  chlorine  (Clj),  whilst  hydrochloric  acid  and  stilphate  of  soda 

,.;ed,    A  mixture  of  aulphit©  with  caibonute  of  soda  is  employed  to  aeutra- 
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liae  the  byJrochloric  acid.    Tbo  sulpliato  of  soda  and  cUoride  of  Bodium  ate ! 
moved  hy  washing,     Sulphite  of  calcium  is  greatly  approved,  and  is  cmx'ih 
to  bo  aa  offeotive  as  anticLlore,  Tvhen  applied  as  the  orrosponding  sod' 
molecule  of  tin-salt  (SnClj+illaO),  is  taken  up  Ly  a  molecule  of  oblo 
which  chloridt?  of  tin  (SnU]4)  arises.    Aftor  the  working  is  completed,  h*  i 
carbonate  of  sodti  ia  addetl  as  is  required  to  sntunito  tho  hydrooliloric  ticid.  ] 
molecule  of  hyposulphite  of  soda  [^^^8^03-1-511^0),  absorbs  4  molecules  of  i'M<ii 
whilst  sulphate  of  8oda,  hydrochloric^,  ajid  sulphuric  acids  are  formjed.     Stnut)  { 
of  lime  are  also  commeroially  known  as  antiehlorc, 

Biutrtnc       Notwithst^mding  the  careful  chemical  bleaching,  the  pulp  has  \ 
yellow  tinge,  and  requires  a  colouriJig  matter  which  is  genemlly  introduced  1 
process  of  beating.     The  blues  genorally  used  are  ultramarine,  Paris  bine,  i 
aniline  blue,  oxide  of  cobalt.     With  100  kilos,  of  the  dry  paper  stuff,  0*5  to  1*5 1 
of  ultramarine  are  mixed,  according  to  the  strength  of  the  colour  required. 

BixLa«.       The  pulp  requires  sizing  to  preserve  the  colour.     It  is  guided,  as  ill 
from  the  hnOauder,  through  a  tub  of  sizo»  and  afterwanls  carried  over  akfli 
drums,  containing  revolving  fans  tiJ  dry  it  as  it  pas-^es ;  heated  cylinders  an  \ 
used  for  drying.     Starch  ia  used  to  give  a  thicker  consistence  to  the  size*  1 
generally  made  from  tho  best  glue,  resin  being  added  in  quantitiesi  nevrr  i 
ing  3  kilos,  per  100  kilos,  of  pulp,  to  impart  tho  desired  ajnount  of  stifi!n<s». 

a .  Band  Paper. 
Btr<iiBintUteP«pcr  Khret•^     Tlicre  aro  three  ways  of  straining  or  filtering  th«  ; 
First,  by  straining  through  a  brass  sieve  with  fine  slits  to  allow  the  pulp  tof 
and  retaining  all  lumps  and  knots.  Secondly,  by  prossure ;  and  thirdly,  by  ev 
tion.     In  the  fir^t  operation  the  sheet  is  formed  by  a  mould  of  " 
being  dipped  into  a  tub  of  pulp  previously  strainwl.     The  pulj)  ht 
a  thin  layer  and  the  water  filters  off.     The  tub  is  either  round  or  ol  a  quaiiti^i* 
shape  made  of  wood,  Uned  with  lemL     A  broad  boanl  running  acrose  the  1 
CflUecl  the  bridge,  and  a  smaller  one  undi^r  the  Lirger  one  the  little  bridge 
large  bridge  has  a  pointed  support,  teehnically  termed  the  donkey,  for  *^^>^  (>^n 
frame  to  loan  ngaitist. 

The  8it1;ing  machine,  technically  termed  tho  knotter,  used  in  the  nuinniu:| 
of  hand-paper,  consists  of  an  upright  cylindrical  sieve,  in  which  an  inner  cylij 
revolves.     As  the  whole-stuff  is  taken  from  the  tub,  the  remainder  becon 
togi^ther,  and  steam  <ir  other  pressure  is  Qrnploy»*<l  k*  f<irce  tho  pulp  through  i 
and  cylinder,  the  latb^r  retaining  the  lumps  and  knots.    The  paper  forms,  upon  1 
tho  whole-stuff  is  placed,  are  constructed  with  brass  wires  to  allow  the  water  Voi 
ofiT,  retaining  the  pulp.     There  are  two  kinds  of  forms : — 

1,  The  Ribbed   fonti. — A    e<iutire  or  ohlong  frame  of  oak  or         * 
farAflS  wired  and  cre^H  wires  at  intoriTHla  to  wteudy  thorn.     Lin 
form,  and  is  not  much  glazi^  on  account  of  tho  time  and  exy,..,  .... 
inferior  paper. 

2.  The  Velltun  Form.— A  fritmc  of  finer  brans  wire- work,  Tellum  paper  ti  aii^f^ 
this  fonn,  and  haa  a  df?ljcate  even  surface;  it  can  be  made  to  preaent  any  degrr*  nf  gkatfi 
nettJibypni'ssiii^audHatiiiing.  When  held  to  tlie  liglit  it  appears  uniform,  ma  poaBBBP^ 
bri^'bt  and  opaque  llneM  as  in  the  former  paper. 

A  ribbed  funa  ftimllar  t(\  the  vellum  f«>nn  is  employed  in  tho  manufiii*tar> 
diBtin^^lihhod  by  trade  ninrk«,  coats  of  urmi*,  &:o.,  the  imprest*  of  the  wire  fonnir 
teniKfd  the  wat»T-mark ;  bflnk-notes  are  made  separately  in  a  moiUd  in  tbi.-i  ir»?,    1.^ 
edge  of  tho  form  maked  tho  edge  of  the  paper,  lonua  being  nsed  according  t»  tk  ^ 
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.       ,    also  the  qaatitity  of  the  whole-stuff  vnriea  in  acoord'mce  with   tho  ri*qiiircd 
iickii'«0  of  the  *heetji.     Felt  in  extensively  used  in  tlit?  maDufaoturo  of  pnper;  it  is  tin- 
""» the  ofdixiory  felt  for  hat«^  being'  a  ooarseri  Loo^r^  white  woollen  fabric,  more  siiittible 
r  rolling". 

^  Tte  work  of  the  pulp-tub  Ir  dividod  into  two  parts,  the  «qmirtn|?  and  the  scooping ;  the 
ri*  theplaciniy:  bf  the  pulp  to  the  mould,  tho  former  the  placing  of  the  sheets  between 
IThe  tub  m  stirred  occa-^ionally  with  a  pointed  stick,  tefhcatiall}-  torraed  the  «CMX>p 
_    The  pulp  13  taken  out  un  tho  form  in  a  tilotiing"  position,  shaken  a  little  to  aid 
jrian»  aud  tiuiillv  pUcf-d  on  tJie  small  bridge.     The  next  !*hi?et  is  phicod  on  the  large 
|e,    Ttje  form  ih  hiid  in  a  eloping  position  aguiust  the  tlimkfy-rest  to  drain,  and  the 
ftpei-  finally  placnl  on  the  felt  to  dry  a  little,  the  empty  forrn  returning  to  the  tub.     The 
tp4ptr  shi't't  is  covered  with  felt,  on  which  tho  next  is  placed;  the  average  number  of 
ttuliw^tured  exceeding  gooo  a  day. 

ioiti*«prr.  Aft  soon  US  thope  is  a  suificiont  number  of  sheota,  they  are  made 
btoA  thick  bftlo  and  placed  under  tho  press,  tho  number  of  Kheots  comprising  a  btile 
teag  gi-'nerally  i8i»  Three  bales,  i8i  X  3  =^  543  sheets ;  twenty  i^^uiros  ^  480  sheets 
d»  and  500  nnsize*!,  -Pressing  ^ives  firmness  and  glossiJiess,  and  hj  continued 
sing  exceedinj^  smoothness  is  obbuae^L 

i(ii«t^P*&  The  process  of  pressing  has  not  quite  remoyi^d  the  water  horn,  the 
len  which  has  to  bo  dried  in  an  airy  chamber,  theBheetd  being  phiced  BOparatoly, 
r  kwo  to  five  together  as  D?quired,  An  export  workman  can  plaeo  800  to  900  laycra 
<  tiro  to  five  slieets  euch  in  a  ihiy,  as  woU  as  hanging  and  drying  the  sheets  and 

f  them  olf  the  cord. 
I  iiJiBjr ihePvpvr.  Tho  pLiper  13  uot  diirable  unless  it  is  sized,  and  is  oidy  uec^d  for  filter- 
^,  packing,  priiitbig,  or  scribbling  papers.  Siting  gives  tho  paper  substance  by 
Dg  the  pores,  and  making  it  fmuer,  stiffer,  and  harder.  Ordinary  size  dissolved 
I  wuter  will  not  always  provo  oITeotive,  and  it  is  necessary  to  add  a  solution  of  an 
llnmimum  «nlt,  such  as  that  of  alum,  sulphate  of  alumina,  or  chloride  of  aluminium, 
jpfflVont  doiviy.  Without  chcraical  pro]>aniti(:An  the  sheets  are  rendered  sticky  and 
Iw  to  lie  sized  separately,  hut  with  tho  above  addition  80  to  100  shoots  can  be 
Uy  aized  by  hand  ;  a  gooil  workman  can  size  40,000  to  50,000  sheets  in 
ilf^ hours.    Tho  sheets  must  not  be  dried  too  quickly  after  sizing* 

f  ise  Pipw,  After  tho  sized  paper  is  pressed  and  driod,  it  roquirea  ftirthor  pie- 
tion  to  make  it  fit  for  use.  Tho  first  process  oonaists  in  the  finishing  or  trim- 
5 to  remove  all  tho  little  specks  and  blemishes,  and  to  smooth  tho  sheot«,  Tho 
I  sheets  are  coiint»Ml  and  placed  together,  tho  workman  by  continued  practice 
bg  8000  to  1 5>t;i'X>  sbr^ets  ob  he  pliices  them,  and  separating  them  into  whole  and 
fquinv^,  twenty-four  sheets  of  sized  and  twontj' -five  sheets  of  unsized  ^mper 
f  a  quire ;  the  upper  and  under  quire  of  each  ream  heing  placed  on  an  extra 
set,  known  as  mit«ideg,  Tho  even  and  glazed  eurfoco  is  mostly  obtained  by  hot- 
ng,  when  every  sized  sheet  is  interposed  between  two  unsized  sheets ;  this  is 
kilwl  inttrchamjing,  Tlie  preparation  of  the  various  kinds  of  paj>er  is  now  aceom- 
jUahcd,  with  tho  exception  of  the  finest  letter  paper,  whieh  recjuiros  an  extra  pro- 
%  to  give  it  a  final  tjlos^,  by  prc\«iising  betweivn  the  rollers  of  the  satining  machine, 
lie  dilferent  varieties  of  paper  are  clas3<?d  under  throo  denoniinations  : — 

|ti«lnisrr<it  xiBd«        A.  Writing  and  drawing  pnper,  the  ftmallcr  kinds  of  copy  paper,  deed 
■       oriAiH^r  paper,  the  finer  pTist  and  letter  paper,  nnd  vclhun  hotter  paper. 

A  Prill  tin  g  pnpfr  for  bo^iikf"*  as  distinguishtMl   from  copy  printing,  deed  printing,  post 
I  vcUuni  '  I  «te  and  copper-platf*  printing  paper.     8ilk  papers  for  valentines, 

inunnited  r  jfilver,  and  printed  from  eugraveil  copper  plates* 

^v  ]  ii'fl  papers,  such  a 3  unsized   parcel   paper;   tho   better  kinds  are 

fm,  1     !  .  ]  t]K?rs.     Packing  paper  la  half-sized,  aud  appears  as  a  yellow  straw 

■^■\T  ji  4'M%  and  pin  and  needle  papers. 
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$*  Machine  Paper. 

MiAttftetiiTeonfaehJiifrFAper.       Manufacturing  paper  by  himd  requirea  smdi  time  as!  ' 
Iflbour,  and  machiacry  is  found  to  be  i^uite  as  efficient,  Endle^  ptijMjr  of  at- 
can  be  made  by  macbinery  with  the  same  amount  of  strength  and  finnnc^^  - .  „«« 
paper.     The  straight  form  and  the  vibrating  machine  are  used  for  liner  p&pei. 

1.  It  is  requisite  that  the  maehino  should  make  the  pulp  of  a  Stable 
dilutuip-  it  with  water. 

2.  Purify  the  whole-stuff  from  knotii. 

3.  lVht?ii  freo  frtjin  knots  work  the  irwiteTial  by  means  of  regulators,  deliv 
stuff  from  the  form,  and  producing"  by  the  uniform  flow  of  the  pulp  a  smooth  J 
of  the  breadth  requiretl. 

4.  Be  »o  rt^fLTidiit-od  thrit  the  streiun  of  whole-stuff  may  form  a  sharply  tmtiod  1 

5.  Free  the  paper  leaf  from  wateri  so  thot  it  only  requires  drying  in  an  airy 
and  pre*«<ing. 

6.  For  removing  the  water,  wteam  cylinderfl  are  principally  used* 

7.  The  finished  paper  is  cut  iuto  tiheeta  by  the  paper  cutting  machine. 

After  the  whole-stuff  h  thinned  to  a  consist-enee  easily  moved  by  water,  1 
to  tho  knottoFj  placed  in  a  perforated  cylinder  of  sheet  brass,  which  is  supplidij 
an  interior  mechanism  revolving  with  great^^r  velocity.     One  of  the  lK*st  1 
maf'hines   ifi   Hanuhardt   and   Steiner*a,  of   Munich.      Ailter   the    wholj 
pnritied  by  the  knotting  macliine  it  passes  out^  and  the  whole-stuff  i 
plied  anew*    In  course  of  time  the  consistence  becomes  altered,  Rometimeaf 
a   thicker  shcjet  than   re)]uired;    this  variation  is  obviated  by  the  rcg 
essential  in  the  paper  manufactory,  A  complete  |Mij>er  machine  is  shown  in  Fig 
and  205.     Tlie  drawing  is  divided  into  two  pails  ;  Fig,  205  is  seen  as  the  < 
tion  f>f  Fig,  204.     After  the  whole-stuff  has  passed  from  the  knotting  1 
flows  int«  the  small  trough,  n\  and  is  forwarded  by  the  regulators  to  the  fqj 
form,  a"a'\is  an  endless  wire  sieve,  similar  to  the  vellum  fonn.  the  1 
extending  horizontally  over  a  number  of  copper  rollfjrH,     The  forms  are  3 
4  metres  long,  and  I  to  1/6  metres  broad,  and  are  moved  l>y  means   of  iklj 
passing  over  pulleys      Next  to  th©  regulators,  a%  the  rollers  li©  clowr  f 
The  fonn  of  course  has  a  double  motion,  advancing  in  the  direotion  of  th«  ] 
sheets  which  is  oatried  to  a  vacant  part  of  the  wire  and  deposited ,  the  fonii  c^^mp 
iU  circnit  underneath.     Periodically  the  fonn  receives  a  shaking  or  vibrutoiyj 
mcnt  '  I  ys.     The  paper  has  sometimes  an  uneven  margin,  and  to  ♦ 

eubsi  layer,  two  fine  brass  wires  are  placed  near  the  under  edg«  < 

w)lQti!ttt|giyHUi<l».  mrt*,  kept  in  pkco  by  the  pullwy,  t,  are  pluced  on 

}  sheet  straight,  the  bands  pas^ng  through  a  vessel  oti 
he  adhering  pulp.     The  water  in  the  cistern,  c,  cleansra  tbej| 
now  necessary  to  wmmenc^  the  drying  of  the  pulp ; 
imp,  or  preferably  by  suction  appai-atus  plac<*d  in  the  T 
\  breadth  of  the  paper  sheet  passes.     A^er  the  paper  leaf  | 
[  under  a  win^work  cylinder,  €\  under  which  is  a  cor 
r»t<.Hl  fillers  are  culled  dundy  rollers,     The  paper  1 
the  era.pt>*  form  returns,  and  thi'  loaf  ] 
itho  wet  preas,  h  /i,  which  consists  of  two  iron  1 
or  passing  the  leaf  to  another  pair  of  njll<»w,J 
'  the  loaf.     The  pape^r  leaf  is  iinally  siibmiti<jd  \ 
llarg*x  ca*t-iron  cylinder,  u,  t;,  «\  interic»rly  h«lj 
00  cvliuders  and  the  corresponding  rollers,  u\  v,  < 
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t^'f^^^'^r'  w990m^A4  is  nned  for  fancy  articles,  siioh  a-j  the  covers  for  albuma,  inkstands, 
^5*-^^ff--Ixx:*Jc-«,  paper-knives,  &c.,'  as  well  us  for  the  colls  of  ^Ivamic  batteries.  It  is 
Zz^^^cvi    -f-ar^^TKM.  old  paper  made  into  a  pulp  with  a  solution  of  lime,  and  ^iim  or  starch, 

ritn  liu 


iy^**-t   jizK^<i»      the  fonn  required,  coated  with  liuHee<l-oil,  baked  at  a  hij^di  temperature,  and 

-^"  '— L^««^ed.     The  pulp  is  sometimes  mixed  with  clay,  sand,  c;hjilk,  \'c.,  and  otlier 

i4&c3^  of  a  paste  or  pulp  and  lime,  and  used  for  oruumeutin*::  wood,  inlaying,  <S:c. 
Tw^         The  pai>ers  made  from  colouriKl  rags  ur«  tho  browu  packinj;  paper 
I      €3oloured  jiapers,  such  as  sugar  and  pin  pajx^r.     Coloured  i)ia  paper 
SC3  kilos,  of  dry  pulp  the  seveiiil  undenuentionod  substances  :  — 
-^■^  ,,  i  2*05  kilus.  Acetate  of  load, 

enow j  Q.^,      ^^     Bichromate  of  potosli ; 

:i31uo        (^'^5      „     Sulphate  of  iron, 

I  1-05      ,,     1? errocyanido  of  potash; 

Gxeen     f  3-oo      „     Blue. 

(  1*05      ,,      lellow; 

^Violet     1*05      ,,     Extract  of  logwood ; 

-JbCose        6'oo      ,,     Kxtract  of  Brazil  wood; 

-y^^^ff  (3*00      ,,     Oil  of  Vitriol, 

(3*00      ,,     Chloride  of  lime. 

Le  and  aniline  blue  are  also  used  in  colouiing  the  paper.  In  variegated 
lical,   mineral,  and  Teg(?tiiblc   colourings  are  used  according  to  the 
^^^^^'^:^>i'«2>i.irs.     Body  colours  nix?  rendered  fluid  by  a  solution  of  gum  ambic  or 
'*-^*^^      "^  ize,  which  can  be  apjdiwl  by  a  brush  or  sponge  when  only  one  side  is 
Variegated  and  t^ipe^try  papers  are  an  imi)ortant  part  of  the 

Parchment,  nlthougli  made  of  animal  membranes,  is  often  con- 

^■-  "^^T-j*.  vegetable    parchment    (pht/fitjurf/atnH).      The    lutt«'r    is    made   of 

^^^^ ^-*  ^r^  "^r-   treated  with  sulj)huric  acid  or  a  solution  of  chloride  of  zinc  :— 1  kilo. 

*^-  "t'^r*"  ^  sulphuric  acid  and  125  grmw,  of  wat«'r,  in  which  the  paper  is  immersed 

*  '"^  ^  *^  ■^^y  affoct  both  sides.     The  length  of  time  dilfcrs  ac("ording  to  the  ([uality 

^"^^--^  _'*"~  ■•      ^  he  thicker  or  firmer  ])ap<a'  taking  a  longer  timt*  to  saturate ;  soft  paper 

'^  ^^'^''^       "^  ten  seconds.     It  is  then  ])larod  in  a  weak  sf)lution  of  sal-ammoniac, 

^_        ^^^^-"^"^^^  r  until  no  trace  of  tho  acid  remains,  and  tlion  dried.     A\Tien  those 

^^  ""-"^^    effected  mechanically,  a  steam  mMchino  first  pulls  the  endless  paper 

.    ^^         ^^Z^^*^^*""*  ^^  sulphuric  acid,  then  through  water,  sal-ammoniac,  and  again 

.^.^^     -^^  ^^-  ^)er  passing  on  over  cloth  rollei-s  to  dry,  and  finally  over  polished 

,^pi^  ^^       ^^^"^^^  and  glaze  the  surface. 

;-      aca.^— ^      '^         paper,  as  a  rule,  is   of  one  colour;    when  dij>ped  into  water  it  is 
— ^-^  ^^        and  limp.     It  is  used  for  documents,  deeds,  records,  &'c.,  also  for 

'  ^^^^-^a,  charts,  bookbinding,  printing,  an<l  cards. 

Starch. 
^      ^^      ^^^^"^^^Tdes,  one  of  tho  vegetable  substances  most  extensive  in  nature,  always 
'•^V:^,^^-*  ^^^^S'^inically,  are  the  foundation  which,  chemically  treiited,  yield  starch  as 
f^ ^^^-^^  ^^    Itnown.     Starch  is  found  in  most  organic  combinations  considtfred  in 


\^(^ 

y^  A^' 


^p.y^  i-m^*^^  morpholog}',  and  in  which  cellulose  is  necessarily  a  component, 
^  ^  "X^  ^^  allied  to,  if  not  really  isomeric  with,  this  vegt^table  substance ;  its 
,^A^^^^  ^slSioOs.  In  following  its  connections  it  becomes  the  starch  that, 
*^^^    ^^    ^^x      chomical  and  physical  ngent^j,  in  the  preparation  of  starch  gum 

^^      ^^^^^^-dextrine)  and  sugar  forms  one  of  the  most  important  substances 
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I>iesentcd  to  the  consideration  of  the  technolog?>t.  It  Beldom  appesn  in  t  Inje 
granular  form,  but  presents  itself  as  a  white  glistening:  powder,  which  upon  mien- 
sco])ic  examination  seems  to  be  made  up  of  various  rounded  bodies  with  rings  eon* 
centric  to  a  centi'al  spot ;  those  lines  are  more  plainly  indented  and  coTera 
extent  in  some  than  in  others,  whilst  the  interior  of  the  grain  appears  hoUonl 
The  pranules  from  different  i)lants  vary  in  size  and  form  ;  those  from  wheat  )sm% 
smaller,  whilst  those  from  tropical  products  ctre  thicker  and  more  lenticular.  Pita 
gives  the  largest  dimension  of  the  granules  as  o'ooi  millimetre ;  from  his  reseante 
we  gain  also  the  following  examples : — 

Starch  granules  from  close  Potatoes 185 

„  „  „  ordinary  Potatoes      140 

,.  „  M  Maranta  indica       140 

f>  >»  »  Bcaus 74 

t»  ft  n  Sago  Palm 70 

ff  .       t,  ,1  Iceland  Moss      ^   . .  67 

»  '       >»  f»  Pea       50 

»  »  tt  Wheat 50 

f,  y,  ,}  Indian  com         50 

Fig.  206  shows,  according  to  Schloiden,  granules  of  potato  starch,  and  Fig.  207  rf 
wheat  starch.  The  potato  has  a  larger  granule,  and  sometimes  gives  a  finer  povder 
than  wheat. 

Nature  of  Starch.     The  usual  starch  contains  in  its  dry  state  nearly  18  per  cent  wiio;  ■ 
and  in  this  state  has  a  tendency  to  form  itseK  into  globules ;  it  has  been  proved  iU 
exposed  to  a  damp  atmosphere  it  absorbs  33  '5  per  cent,  water.     Starch  is  insoluble  a 

Fio.  206.  Fio.  207. 

cold  water,  alcohol,  ether,  and  oil.  At  a  temperature  of  160"*  starch  yields  doxtnne' 
Starch  mixed  with  twelve  to  fifteen  times  the  quantity  of  warm  water  at  a  tonipwutin* 
of  ^^^  varies  little  in  substance ;  at  a  temperature  of  55°  to  58**  it  begins  to  changf' 
the  higher  temperature  making  the  fluid  thicker.  Lippmann  says  that  potato  stirA 
10  affected  at  62*5**,  wheat  starch  at  67 '5°.  When  boiled  the  granules  burst  and  fonn  • 
gelatinous  mass,  which,  largely  diluted  with  water,  can  be  made  of  a  consistonwtoH 
filtered  through  paper,  and,  when  allowed  to  cool,  seta  in  a  jelly.  A  stiffer  p8it*» 
eooxding  to  J.  Woisner  (1868)  is  made  £rom  Indian  com  than  fit>m  the  potato  at 
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lie  longer  the  starch  is  boiled  the  stiffer  the  paste  Leoomes,  z  part  of  staroh 
1^  m  50  parte  water,  and  upon  cooling  setting  into  paste  of  a  blue  or  yiolet 
f  starch  possesses  a  specific  weight  of  1*53.  Alkalies  and  dilate  adds, 
,  tend  to  re-form  the  granules ;  when  boiled  with  2  per  mille  of  oxalic  acid, 
loses  its  consistence,  becoming  thin,  and  changing  into  a  soluble  substance 
Hrine,  Starch  treated  with  almost  any  dilute  acid,  or  with  diastase 
from  an  infusion  of  malt,  at  the  proper  temperature  is  converted  into 
forming  a  liquid  which  after  a  few  hours*  standing  can  be  made  into 
tarch  is  soluble  in  the  cold  in  concentrated  nitric  acid ;  water  dropped 
lolution  precipitates  the  granules  as  an  ezplosiye  combination.  Under 
)  of  Qcylodine,  or  white  gunpowder,  this  combination  has  lately  been 
for  pyrotcchnical  experiments.  By  boiling  starch  with  concentrated  nitiio 
mation  of  oxalic  acid  is  obtained,  eyolying  nitrous  vapours.  Starch  paste 
>sure  to  the  atmosphere  becomes  sour,  forming  lactic  acid, 
uch.  But  few  vegetables  yield  starch  in  large  quantities :  the  potato 
per  cent. ;  wheat  55  to  65  per  cent. ;  rice  70  to  73  per  cent. ;  and  the  roots  of 
Manihot  and  Afaranta  arundinacea,  palm  pith,  and  the  Canna  cocanea, 
lantitics.  In  Qermany  starch  is  prepared  only  from  potatoes,  rice,  and 
3  latter  yielding  a  greater  quantity  of  gum,  and  potato  starch  being  thinner 
)  gelatinous. 

Potatoes.  Potatoes  form  an  important  material  in  the  manufacture  of  staich ; 
titution  is  as  follows : — 

Newly  dng  Potatoes 

PotatoeB.         dried  at  I00^ 

Water 751  — 

Albumen     2*3  9'6 

Fatty  matter      0'2  0'8 

Cellulose      0*4  17 

Salts I'O  4-1 

Starch 210  838 

lOO'O  lOO'O 

>ntain  28  per  cent,  dry  substance,  or  23  per  cent,  insoluble  substance,  and 
it.  sap.  The  starch  found  in  potatoes  is  of  cellular  construction ;  the  cell 
lire  breaking  up  to  fit  it  for  manufacture.  Fig.  208  shows,  according  to 
,  a  fine  Rpocimon  of  a  healthy  potato  under  the  microscope.  On  the  outside 
:ato  a  layer  of  flat,  pressed,  brown  cells  are  found,  sometimes  appearing 
I,  a,  forming  the  outer  skin  of  the  potato,  and  covering  the  ceUs,  6,  which 
3  contain  a  finer  grain,  but  mostly  a  clear  fluid.  These  cells  become 
they  near  the  interior  of  the  potato.  The  series  of  cells,  c,  enclose  the 
3,  d,  the  pith  of  the  potato.  When  the  potato  is  dried,  the  cells  separate 
.  other,  as  in  Fig.  209,  a  specimen  of  a  mealy  potato.  The  starch  granules 
och  cell,  the  cells  uniting  in  reticulated  streaks.  The  process  of  manu- 
starch  consists  in : — 

1.  Triturating  the  fresh  potato. 

2.  Washing  me  starch  granules  from  the  pulp. 

3.  Purifying  and  drying  the  starch. 

itoes  are  placed  in  a  grinding  cylinder,  which  formerly  consisted  of  wood,  with 
rollers  place<l  half  way  in  water  to  cleanse  the  pulverised  potato  pulp.  Of  late 
ylinders  with  saw-teeth  are  used  (Thierry's  machine^.  The  saw-blades  hare 
1,  lacerating  the  cells  to  obtain  the  starch  granules,  which  mere  ^[entle 
id  grinding  would  not  effect;  the  cylinder  revolves  600  to  700  tunes  a  mmuto. 
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On*  cylinder  yd\}i  knives  0*50  metre  in  lc*n^i  and  saw-blAdea  of  0*40 
foiirtc<?n  tij  fiftren  bat^^hftj  in  an  hoiu*  to  a  piilp,  which  in  afterwards  «ii1 
pnx>ews»  uf  WHjibiBg'.  A  cyUmirieal  metal  sieve  is  generally  asecl  for 
Atarrh  graniiles  from  the  poUto  pulp;  it  con  tains  a  pair  of  bniaho*  slowhr 
whilst  w&ter  is  fflippiied  t-o  the  f<ieve  to  wiAj«h  thp  piilp,  which  is  ffrrmnd  t<»  ■  c  _ 
that  will  admit  of  its  rejwiily  fiowinjr  off,  in  onh^r  that  fresih  pulp  may  Ui  rt^>«»m*d 
mieve.  llie  j^tiireh  prunul^^H  ore  sustru^IwI  in  tlie  ai iit^r  Htniiufifl  1  iff,  and  finulh  i^^ttli 
bottom  a»*  a  fioft  white?  powder.  Ltiinn'i*  uiiiTit^'rnipted  cleaiiidij^  ^ieve  i*.  i^*»w  g« 
fused  ;  it  ctrnKist'*  of  a  strieR  of  wirt*-work  fiume*<  placed  over  a  tiT*iii^h,  Tho  i»*»tti 
flows  from  the  ^rindinjwr  rylinder  to  a  njjaee  under  the  tdcanttinsr  wove,  front  theni 
two  gratinjLTs,  wht  re  the  pulp  is  clpan,se<i  by  a  stream  of  water  plapn^  all  ciTtif 
grannlea  ftettlinp  down  at  tlie  bottom  of  the  troiig-h,  Tlie  f^ranuie;*  are  Hitrn  i 
between  steel  roilen*  to  Bc para te  the  litarch  from  the  tibre.     80  to  100  r^i  t 

be  ttiUH  prepared  in  a  day.     From  the  ab<jve  metliod  of  preparinj^  etaifiii 
we  gain  tbe  general  princmkwi  of  fineh  ((ptirations,     ITie  stmeturo  of  tlit 
to  be  partly  ehemkai,  jmrtly  met^hftnical,  and  bydestroyinirthe  latter  we  guin 
ifi  separated  after  the  ixjtato  pulp  hiu  been  BtAuding  ei^^ht  days,  when  it ' 
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*o4^ 


'o^&^ 


J3^^ 


s 


pasty  mass  cootaining*  start^h.    ThiA  id  placed  in  a  ooarsd  dore,  whi(^  tntaiiu  •  | 
part  of   the  fibn>.  another  6 tier  liair  sieve  being  used   to  reoeiv©   tbo  ^lajcli  ju 
nljre,  ^  para  ted  from  eaeh  other  by  means  of  a  eleansing'  appaiBtus,  which  w* 
fibre  away,  lea^dng-  the  *itarch  >rniniileft.  and  mipar  behind. 

Drrintr  Oif  I'utato  startii.  The  result  of  the  wafthinir  i*  i»  milk-Iik©  finid,  which  \ 
the  bittom  of  the  troTi«-h  a**  .start'h;  it  is  then  mixetl  with  fr(?i*h  water  oiul 
fkditlify  into  a  hard  wnlmtanr^e,  which  i»  rut  into  pic*ce«,  ponreii  npKni  a  linen  elotl  J 
on  a  hurdle,  with  a  plaMt/T-of-PariN  vraseh  or  a  To»*»el  containing'  jryjumm,  1 
dry  the  stare h.  Aft<^r  Knn^  watered  atid  k4't  to  stand  for  (Wcnty-fottr 
dtarch  dricH  to  the  thit^kiieH**  of  2  detrimetres  upon  the  'PjTJfuim.  Qfi  late 
been  removed  by  a  e.tntrifufral  nuiehine.  Tlie  moi*t  ptarrh  contains  33  p»T  { 
p-and  is  ealled  fnj>ih  ftareh.  ITie  avenipe  temjieniture  of  tbo  dryin*r  r<xim«  U  1 
I  When  the  »»tAreh  iw  dnt^  tt  in  brctken  into  pieoea  by  iron  rollei>.  The  its 
nt^nvh  iH  nuid*^  by  bcpilin^  to  a  thiek  jMste,  which  ia  forced  by  roachiiierx  ihrtmgll  tl 
optning  into  a  tronpb,  where  it  dries  in  a  kind  of  mould. 

rrtpamuon  oi  Wheat  sunii»     Accordlng  tu  M,  O.  DeBipwolf,  i869»  the  unprepared  1 
containa : — 

Water      lo'5i 

Aidi I  50 

Gnm        , .      . .      14  3S 

Starch      ,     . ,     , ,     ^5  40 

Patty  and  woody  fibre        S24 

200100 
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(nstdtuent  parts  of  wheat  it  is  seen  that: — 
Starchy 

Gum    (  are  insoluble  in  water. 
Husk  ) 
Salts         ) 

Albumen  J  are  soluble. 
Dextrine  ) 

•ee  are  insoluble,  the  gum,  however,  being  gradually  dissolyed  by  the 
eloju^d  from  the  seed,  while  the  starch  and  husk  remain  unattacked. 
t  modes  of  preparing  wheat  starch  are,  namely : — 
mentation  (old  method)  of  the — 

round      j 

lodo  of  treatment  without  fermentation, 

hod  consists  of  the  following  operations  :— 

iting  the  wheat. 

ig  the  starch  from  the  mass. 

ig  and  cleansing  the  starch. 

;  the  starch. 

wheat  is  soaked  in  water  until  soft.  The  seed  is  separated  from 
r  by  treading  in  sacks  in  a  flat  tub  of  water,  or  by  being  placed  under 
3  pulp  thinned  with  water  to  a  milky  fluid,  in  which  a  greater  part  of 

gum  are  found.  After  standing  a  day  this  fluid  turns  acid :  a  part 
xtines  diluted  by  the  action  of  the  lactic  and  acetic  acids,  and  is  taken 
»lacwl  by  fresh  water,  the  same  process  being  gone  through  until 
on  c<'as(*s,  when  the  starch  is  washed  with  water  and  diied.  In  the 
tub  it  forms  With  the  water  a  tliin,  sour  pulp.  The  time  varies 
le  temperature  ;  all  the  gum  is  not  separated  until  about  twelve  to 
le  Hour  water  contains  acetic  acid,  lactic  acid,  butyric  acid,  succinic  acid, 
Its,  and  tlu<  mineral  constituents  of  the  wheat.  The  mass  is  then  placed 
trodden,  the  milky  fluid  being  allowed  to  escape,  leaving  the  husk  and 
fiind.  The  milky  fluid  containing  starch  is  strained  thi-ough  a  fine 
waslicnl  with  water.     Another  metliod  is  that  of  placing  the  milky 

and  allowing  it  to  8(;ttlo.  Tlie  fii'st  layer  of  the  sediment  is  fine 
mixture  of  starch,  husk,  and  gum,  the  last  layer  containing  but  little 
e  preparation  a  little  ultramarine  blue  is  added  during  the  cleansing 
ate  the  centrifugal  machine  has  been  used  for  the  purpose  of  drjTng 

heat  starch  without  fermenting  : — 

>  K.  Martin's  treatment,  wheat  flour  is  mixed  with  water  to  a  paste, 

to  40  ])jnts  water  ;  the  paste  remains  ^  to  2  houi*8  to  affect  the  gum, 
shed  in  a  fine  wii*o  sieve  placed  over  a  tub.     The  starch  is  found  at  the 

tub  mixed  with  water,  and  is  placed  in  a  warm  spot  to  ferment 
•i  dried  in  a  mass,  and  goes  through  similar  processes  to  the  other 
nado  into  stalk  and  powder  starch,  and  sold  in  packets. 
•  wheat  flour  yield  25  per  cent,  of  gum  {gluten,  gluten  granuli),  with 
(rater ;  the  fresh  gluten  is  mixed  with  a  double  weight  of  flour,  the  paste 
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rolled  into  Itmg  strips,  and  ground  into  giuuules*  wLich  become  di-y  at  30'  to  40%  1 
are  afterwards  sil'led.  The  consumption  of  tkisgranubir  gum  is  extwn^ivi/,  iib«4l 
employed  for  food  (with,  ordinary  dour  as  macaroni),  art  pur|)osies,  titid  1 
facturo. 


Cim«tlrurn(»  lind  Vu-s^ 

According  to  M,  J.  Wolff,  the  constitueate  of  commereul  Iti 

EU*e  Its  follows  I— 

I. 

2. 

3- 

4- 

5.                  6. 

W«tfir    .. 

17-83 

I5'38 

1452 

1744 

1420            1749 

Gum 

0  to 

traces 

IH              4^ 

Fibre      ,  * 

o-4» 

o"So 

144 

1*20 

377             i'4? 

AiOi 

0-2I 

0*53 

003 

0*40 

0"5S             ^^ 

Starch    .. 

Sr4S 

8359 

S3  9" 

Si'32 

79t>3           7379 

100*00      fOO'OO      1 0000      1 0000      lOO'OO      1 00X30 

I,  Tlie  fineBt  white  patent  starch  in  stalks,  of  a  hright  and  crystalUno  apped. 
made  from  pure  potsito  starch,     a.  The  finest  blue  patent  starch,  potato  \ 
coluurod  with  ultrMmiirino.     3.  Pure  wheat  powder.     4.  Pine  wheat  starch  in  J 
5.  Mediutii  fiuB  wheat  attirch  in  yellowish- white  pieces.     6*  Ordinary  wheat  i 
in  grtnyish  yeUow  roaree  pieeee,  that  upon  microscopic  examination  apptrar  il>»  «f 
ture  of  potuto  ami  wheat  starch.     Starch  15  used  for  atifTeiiing  domcj^itic  artic! 
washing,  for  etifiening  paper,  and  exteiiBtvely  in  linen  and  cotton  manu 
in  gum,  syrupB,  sago,  vemiicolii,  &c.     It  is  also  a  ba«i»  from  which  we  can  < 
fiugar*     Potato  starch  is  preferred  for  domestic  washing,  but  where  g'l^^it  i 
requisite,  wheat  stirch  ia  used,  as  in  bookhiuding,  &e.   In  wheat  -1 
formed  of  cloBtdy  united  g^^lutinous  particles,  which  are  more  widf  i 
potato  starch,  the  latt^^r being  tranfipurent  and  more  8uitubl«j'  for  stiiiriiing  iiae  i 
ironing  smoother,  aud  not  sticking.     Wheat  starch  will  keep  fresh  upon  pxp 
the  atmosphere  longer  than  potato  starch,  the  latter  turning^  sour  aftor  a  1 
atanding. 

According  to  0.  Wiesner,  1868,  maize  starch  possesses  the  highest,  wheat  tlu^Mit| 
and  potato  starch  the  most  inferior  stiffening  qimlities*     Maize  and  wheat  ar^c 
dered  the  l>est  fi-v  forming  a  smooth  equal  paste.     Sugar  can  be  prrpaivl  I 
starch  by  means  of  the  aL'tiyo  principle  of  malt — diastase.     Prom  this  sugikf,  1 
brandy  and  spirits  can  be  distilled.     According  to  the  rosearches  of  Ludcmdogit^ 
100  pounds  of  potato  starch  need  25*5  pounds  of  dry  mAlt,  and 
100  pounds  of  wheat  starch     ,,     yo*5       ♦,  „ 

to  effect  the  full  conversion  of  the  starch  into  sugar. 

sSJcV'^l'^^'lar^^'S^hL*      ^**^  starch  is  hirgely  manufactnrt'd  in  England.  FrtnoP,  ti^  1 
Afro*  itooi  gium.     To  extract  the  gtim,  rice  is  placed  in  a  batii  of  weak  i 

Bolution — 287  grniB.  of  caustic  Boda  to  the  hectolitre.     Al^ter  st't«djLn>r  t 
the  ricp  gTuio  become*  soft  cued,  and  ia  then  wnisht^,  griimid  IwHwc^'U  r- 
and  plttC4?d  on  a  sifvc  with  briL*ihP8  to  retiiin  tht?  hut»k  or  bran.     Th*  .      :  uacd  « 

e^'i^ains  the  stjiir^h,  which  is  wu»hed,  dried,  and  mimufat-turrd  iuto  the  torm  : 
Tilt'  gum-ijoutaining  itlkidine  ley  being  neutrnhB^d  with.§ulphuric  acid  j;*  fit  fsT  infill 
tisen.     J.  and  J.  Colnmtrs  rice* starch  manufactun'  Ciitployf^  looo  w- 
rf«alt  of  thf  ir  manipulation  is  used  as  the  cui»t*>mnry  wuishinff  f*tar 
brig-htor  starch  for  ball  drpsaie«t  window  hang-in gs,  and  for  th*j  ni/f  '-  - 

In  Franty  the  iliestuut  is  uat^l  forthemaniifactanjof  fctiirili.    * 
poRS4'fleiu>s'^  the  cveuuea*  of  potato  wtarch  i^nth  the  Htitfnc«»»  of  wIj' 
the  frosh  bitter  chestnut  give?  19  to  20  per  c<«t*  dry  fitiirch, 

Amjw-rijot  is  obtainc-d  from  the  Mtirnnta  (tmnflmaeea^  mtH  Jf,  iWim,  eidtirated  ii  1 
"est  Indio8;  it  U  viry  like  potato  sturch,  and  h  lu-epurc^d  iu  a  similar  mannw,    CtM 

■'^■h  in  made  from  tho  root  of  JatrojjJia  Mattihot^oT  Mftni/tnt  uttitstfimm,  awA  M^  J^ 

■"^y  cultivated  in  Boath  America^  tho  West  Indicsi  and  the  Britnl& 
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Cassava  is  used  as  an  article  of  consumption  both  in  Europe  and  the  tropics.  The 
loot  of  the  manioc  is  thoroughly  purified  fi-om  its  poisonous  juice,  being  coarsely 
ground  to  allow  the  sap  to  escape,  and  Toasted  in  an  earthenware  vessel^ 
the  cassava  forming  into  granules  on  the  sides  of  the  voKsel  {Cassava  sago,  or 
Jianioka)y  the  prussic  acid  contained  in  the  root  becoming  volatilised.  From  arrow- 
root and  the  analogous  roots  containing  a  poisonous  juice,  arrow-root  derives  its 
name,  having  been  us(k1  by  the  Indians  as  a  poison  for  the  tips  of  their  arrows.  Its 
oomponents,  according  to  Benzon,  in  100  parts,  are — Volatile  oil,  0*07  parts ;  starch, 
26  parts ;  89  per  cent,  of  the  starch  being  obtained  in  a  powder,  while  the  remainder 
la  extracted  from  the  i)aroncliyma  by  boiling  water ;  albumen,  i  -58  parts  ;  gum,  o*6 
part;  chloride  of  calcium,  0*25  ;  insoluble  fibrin,  6  parts;  and  water,  65*5  parts. 
[t  ia  known  in  commerce  in  several  varieties,  viz. :  —Portland  arrow-root.  Arum 
vulffare;  East  India  arrow-root.  Curcuma  augustifvlia ;  Brazilian  arrow-root, 
Tairopha  Manihot ;  English  arrow-root,  from  the  starch  of  the  i)otato ;  Tahiti  arrow- 
root, Tacca  ocean ica, 

•mo^  Sago  is  made  from  the  soft  central  portion  of  the  stem  of  the  palm,  Sagus 
Rumphii,  According  to  J.  Weisuer,  the  Guadeloupe  sago  is  ]»rei)ared  from  Raphia 
•brtnt/mi,  and  an  East  Indian  variety  from  Caryoia  urens.  The  stem  is  torn  to  fila- 
nents  and  elutriated  on  a  sieve  with  water.  The  starch  obtained  is  then  washed, 
iried,  and  sifted  into  a  copper  plate,  where  it  remains  a  hard  granular  substance.  A 
[pneaier  part  of  the  common  sago  is  manufactured  from  potato  starch,  coloured  with 
ixide  of  iron  or  burnt  sugar. 

DntriM  Bextiine,  gommeline,  moist  gum,  starch  gum,  or  Alsace  gum,  isomeric 
irith  gum  arabic,  and  expressed  by  the  formula,  CeHioOj,  is  formed  by  boiling 
itarch  with  a  small  quantity  of  almost  any  dilute  acid,  which  thins  its  consistence, 
ind  converts  it  into  a  soluble  substance  similar  to  gum  arabic.  It  is  soluble  in  cold 
irater,  insoluble  in  absoluto  alcohol,  but  slightly  soluble  in  weak  spirits  of  wine. 
Dextrine  derives  its  name  from  dijter,  the  right,  from  the  action  of  this  substance  on 
Mlarised  light,  twLsting  the  }>lane  of  polarisation  towards  the  right  hand.  Dextrine 
A  grape  sugar  is  convertid  into  duxtrose  by  the  action  of  dilute  acids.  Dextrine 
lolution  does  not  ferment  with  yeast ;  but  a  little  yeast  mixed  with  a  large  quantity 
jf  gelatinous  starch,  at  a  temperature  of  160**,  quickly  liquefies  it,  dextrine  being 
produced,  the  greater  part  of  which,  if  allowed  to  stand,  becomes  converted  into 
grape  sugar.  From  this  decomj)08ed  dextrine  a  cheap  and  largely  employed  sub- 
Btitute  for  gum  arabic  is  obtained.  The  components  of  this  decomposed  dextrine, 
according  to  the  analyses  of  B.  Forstor  (1868)  are: — 

Dextrine 72*45  7o*43  63-60  5971  4978  5-34 

Sugar 877  1-92  7*67  576  1-42  0-24 

Insoluble  substances  13*14  19*97  I4'50  20*64  30*80  86*47 

Water        5*64  7'68  14*23  1389  i8*oo  7-95 

lOOOO    lOO'OO    lOO'OO     100*00    100*00    lOO'OO 

Potato  starch  is  preferable  to  wheat  starch  for  the  manufacture  of  this  material, 
not  only  on  account  of  its  cheapness,  but  for  its  greater  purity  at  an  equivalent 
price. 
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Dextrine  is  prepared  by : — 

a.  Gently  roasting. 

h.  Cart  (ally  treating  with  nitric  add. 

€.  Boiling  M^th  dilute  aulphiiric  acid* 

e?.  Treating  with  malt  extract  (diastase). 
Preparing  dextrine  by  means  of  gentle  boat  is  an  easj'  oferation.  The  i 
id  roosted  until  it  becomes  brown-yellow  in  colour,  in  a  large  copper  or  ] 
plate  cylinder,  similtir  to  a  coffee  drum,  eituated  on  one  aide  of  tbo  oren,  Det 
is  formed  at  a  t^^mperaturo  of  225"*  to  260".  Accordiug  to  lleuze,  the  fbHowiug 
better  method  :— 2  kilos,  of  nitric  acid,  of  1*4  specific  wei^^ht,  with  300  litres  of  1 
are  mixed  ^ntli  1000  kilos.  (^  20  cwts.)  of  atiu'ch,  and  boiled  to  form  a  mas 
when  exposed  to  the  air,  becomes  dry.  It  is  sometimes  aflect4:*d  at  8*3^, 
becomes  a  p4iste  at  loo**  to  no".  The  starch  changes  into  dc^x trine  in  an  hour  i 
hour  and  a  half  at  the  most ;  it  is  white  and  soluble  in  water.  Sulphui-ic,  by 
chloric,  and  lactic  ariiU  will  produce  dextrine  ;  and  by  the  addition  of  wiiter  t0  ^ 
trine,  dext riac  syrup,  or  gum  syrup >  is  obtained. 

Dr.  V<»)riL'l  given  a  Kiiiiple  experiment  to  iUastrate  the  action  of  dllutis  sulphurio 
upon  starch.     Nearly  all  kLoda  of  writing  paper  are  so  vt*ry  liirjrely  sijted  with  atarrh* 
if  tigiu^H  or  1(  tters  arc  tractxl  on  the  paper  with  wry  dilute*  sulphuric  acid,  and  thiai  di_^ 
the  applictition  of  iodine  in  a  dilute  aomtian  wih  impart  a  bhie  tinge  to  tb»t  portiao^ 
the  pij»er  not  ajf&cted  by  the  aoid,  th©  chara<jt6r»  remaining  white. 

Dextrine  is  extensively  used  instead  of  gum  arable  in  printing  wall  pafters,  5t 
gtiifening  and  glazing  cards  and  paper,  for  lip  glue,  surgical  purposes,  wines,  loi 
in  the  fine  arts  it  is  applied  in  many  ways. 

81TGAB  MANrTACTiraE^ 

Bi«tofyoffl«g«r,     Sugar  has  been  known  in  the  East  Indies  and  CThina  since  a  rwy 
remote  perioil.     In  Europe  honey  was  used  for  sweetening  pnrpoeos  in  th^  oUia 
time,  and  although  sugar  was  known  to  the  inhabitant'!  of  Greece  and  Italy,  tld 
commercial  intercourse  with  India  being  limited,  it  wa»  but  little  used  until  theluM 
of  Alexander  the  Groat.  After  the  conquest  of  Arabia  8Ugar-can*>s  were  propft|it4 
in  "Western  Asia^  jMricji,  and  Southern  Europe,     The  Cnisadcrs  became  aeqtiMtuM 
with  this  us4iful  product,  and  the  Ycnetiana  began  t^i  i;ultivate  it  about  that  time  a 
Eurojie  and  Northern  Mrica,     Malta,  Cyprus,  Candia,  and  Ej^^pt,  yiuhhxl  Uie  tiisi 
sugar-cane,  which  was  next  cultivated  in  Sicily^  Spain.  Portui^tl,  and  the  Qmaij 
Islau<la.  about  1420,     In  1506,  sugar  was  cultivated  in  the  West  Indies,  liniiJ. 
Haiti,  and  in  many  islanih^  of  the  Indian  Ocean.    Cane  sugivr»  a  substance  found ib 
» juii:e  of  various  grasses,  was  first  discovered  in  South  America.     Ititter  ia*:«ntia(Di 
•  rt  plant  ca]>ablc  of  great  cultivation,  t(\  be  found  in  ditferont  piirts  of  thcglol^^ 
twanbf  from  Bengal  to  China;  westwards,  the  ludioa,  North  Africa,  8<  ^  " 
fopo  to  America.     8Iavos  were  imported  to  cultivate  the  sugiu*-cii.ncs  in 
•rica  in  1800,  when  the  first  cultivation  commenced,  and  sugar,  whieh  natiistfi^ 
i  boon  a  curiosity  and  u  luxury,  being  chiefly  used  for  modiclnal  purposes,  boeu^ 
I  uf  the  d;uly  nocessaries  of  life.    The  art  of  extmcting  sugar  firjm  the  (^anw  joi 
Mug  the  taw  product  so(m  became  known,  and  this  useful  article  of  focid  w* 
•«ly  manufactured* 
1^,      iSui^ar  is  known  as  cano  sugar  snd  grape  ^igar,  dextrose,  glooo** 
'  sugar,  staich  sugarj  potato  sugar,  and  coaise  iaw  sug'ir  or  ^lit  sa&i 


Beroentage      Specific 
Ouie  Sugar,  weight  SoL 


75 

1-383342 

49 

74 

1*376822 

48 

73 

1-370345 

47 

73 

1-363910 

46 

71 

1-357518 

45 

70 

i*35"68 

44 

69 

1-344860 

43 

68 

1-338594 

42 

67 

1-332370 

41 

66 

1-326188 

40 

65 

1-320046 

39 

64 

1-313946 

38 

63 

1-307887 

37 

62 

1-301868 

36 

61 

1-295890 

35 

60 

1-289952 

34 

59 

1-284054 

55 

58 

1-278197 

32 

57 

1-272379 

31 

56 

1-266600 

30 

55 

1-260861 

29 

54 

1-255161 

28 

53 

1-249500 

27 

53 

1-243877 

26 

51 

1-238293 

25 

50 

1-232748 
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Cbne  sugar  is  prepared  firom  the  sugar-cane,  maize,  the  Andropogon  ghjcichylum, 
the  sap  of  the  sugar  maple,  the  birch,  the  sweet  turnip,  and  carrot.  According  to 
W.  Stein,  8  per  cent,  of  sugar  is  found  in  the  root  of  the  madder.  The  pumpkin, 
melon,  banana,  and  most  of  the  species  of  palms  yield  sugar.  Cane  sugar  has  the 
formula  C„H220„.  The  crystallised  sugar,  known  as  sugar-candy,  is  hard  and  has 
t  spr.  gr.  of  1*6;  it  is  unaffected  by  exposure  to  the  air,  and  when  heated  at  a 
temperature  of  iSo**  it  dissolves  into  a  sticky  colourless  fluid,  which  upon  rapid 
boiling  resolves  itself  into  a  pliant  uncrystaUisod  mass,  commonly  known  as 
bwley-sugar.  At  a  very  high  temperature  it  becomes  black  and  decomposed.  At 
aio'  to  220"*  cane  sugar  becomes  a  dark  brown  substance  termed  caramel^  used  in 
odouring  spirits,  and  for  other  purposes.  Sugar  has  a  pure  sweet  taste,  is  soluble 
in  one-third  of  its  weight  of  cold  water ;  by  continued  boiling  it  loses  its  power  of 
cryBtallising.  It  is  insoluble  in  absolute  alcohol  and  ether,  but  soluble  in  dilute 
licohol,  especially  when  warmed.  Oorlach,  1864,  gives  in  the  following  table 
ike  spocific  weight  of  sugar  solutions  with  the  corresponding  percentage  of  cane 
•agar  at  its'*  C.  : 

Percentage      »pecitlc 

Cane  Sugar,  weight  SoL 

1-227241 
1-221771 
I-216339 
I -210945 
1-205589 
1-200269 
I«i94986 
1-189740 

1-184531 
1-179358 
1-174221 
1-169121 
1-164056 
1*159026 
I -154032 
1  149073 
1-144150 
1-139261 
1-134406 
I -1 29586 
1-124800 
I  •  1 20048 
1-115330 
I -1 10646 
1*105995 

A  watory  solution  turns  the  rays  of  polarised  light  to  the  right  hand.  Dilute 
olphuric  and  muriatic  acids,  with  most  of  the  organic  and  mineral  acids,  t<»nd  to 
invert  cane  sugar  solutions  into  a  mixture  of  dextrose  and  lovuloso  according  to 
le  equation  : — 

Cane  Hugar  or  Dextrose      Levulose. 

sucrose.  (glucoac). 

From  the  above  it  may  be  deduced  that  cane  sugar  is  found  only  in  the  neutral 

decs  of  plants,  while  juices  like  that  of  the  grape  containing  free  acid,  tartaric, 


1  Percentage 

Specific 

Cane  Sugar,  weight  SoL 

24 

1-101377 

23 

1-096792 

22  . 

1-092240 

21 

1-087721 

20 

1-083234 

19 

1-078779 

18 

1-074356 

17 

I  009965 

16 

I  065606 

15 

1-061278 

14 

1-056982 

13 

1-052716 

12 

1-048482 

II 

1044278 

10 

I -040104 

9 

1*035961 

8 

I -03 1 848 

7 

1-027764 

6 

I -0237 10 

5 

1-019686 

4 

1-015691 

3 

1-011725 

2 

1-007788 

I 

1-003880 

0 
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malio,  find  ciirio  adds^  can  yield  only  leyuloso  and  glucoee.     By  treating  vift  j 
yeasjt  tho  STigar  separates  and  produces  tlie  usual  alcoUolic  fermentation  prod  arts 
alctjholt  carbonic  acid,  glycerine,  <ic.     Cane  sugar  enters  into  combination  wiA 
tlio  hydroxides  of  calcium  and  barium,  formini;  »uccharatt$,  which  in  the  prepuv  I 
tion  of  sugar  on  tlie  lirge  scale  are  of  greut  interest.     The  sugar  solution  cont«»-  j 
ing  bydroxido  of  CEilciiun  becomes  especiuUy  interesting  as  l>eing  ibe  ongin  of  ( 
appbruti<m  of  limu  to  the  refining  of  cane  and  beet-root  sugars,  tbe  bydrox 
calcium  fi inning  a  clour  fluid  with  a  raw  sugar  solution  contaiuing  C,yH^O„ 
coming  dull  upon  stnauding,  Ibe  sediment  containing  0„H„0j^.CaO,    Carbonic  I 
gaa  Ima  of  late  been  appbed  to  the  sugar  lime  solution,  the  lime  tbrowa  don 
carbonate   and   the  sugar  separating  and  boooming   colourloas  in  tbe  eoln 
Preparing  cane  sugars  witb  hj'droxiiles  of  barium  gives  rise  to  sugar 
C,,H_^0„HitO,  worthy  of  notice  sis  being  insoluble  in  water  and  originating  ( 
method  of  ext parting  sugar  from  tho  juice  of  beet- root  and  molasdcs  with  ecu 
baryta.     Sugar  barytes  is  decomposed  by  moana  of  carl>onio  acid.     An  ejtjj 
mixture  is  foi-med  with  nitric  and  concentrated  aulpburic  acids  and  sugar,  i 
known  as  nitro-sugar.     Cane  sugar  when  mixed  with  a  solution  of  sujph 
copper  witb  an  excess  of  caustic  potash,  is  at  first  but  slightly  airiX"t<?d  ;  a  i 
quiintity  of  rcjd  powder  is  thrown  down  after  a  time  ;  biit  tho  liquid  long  rcti 
its  blue  tinge,  wlule  with  grape  sugar  the  efiects  are  much  increased. 


Cant  Sugar. 

^il^^w^     The  sugar-cane,  Sactharmn  ojlcmarum,  is  a  plant  of  the  graas ! 
its  stalk  is  round,  knotted,  and  hollow,  and  tbe  exterior  of  a  greeniBh-yell-Jw or  Wai 
with  sometimes  violet  streaks.   It  gr<:iW8  tixan  z'6  to  6  6  metres  high,  and  froin  4* 
centimetres  in  thickness  ;  tho  interior  is  cellular.     Tbe  leaves  grow  to  a  les^l 
I '6  to  2  niotres,  and  are  ribbed*    The  plant  is  giown  from  seed,  and  also  cultifi 
-from  cuttings. 

A  hectare  of  land  yields  raw  sugar: — 

By  15  Months*  Cultivation.  In  i  Year. 

From  Martinique 2500  kilos.  2000  kiloe, 

„     Guadeloupe 3000     ,,  2400    „ 

,,     Mauritius      ..      -,      .*      5000     ,,  4000     ,, 

,,     Brtizil       7500     „  6000    „ 

c  ,  xht      The  fnigar-cane  yields  the  largest  amount  of  sugar,  gt'neroUjM 

c-eiit.  juice,  ♦'outaiiiing,   accurdiag  to  Pttligot,  18  to  30  part«  < 
••i^  :  oompoaent*  of  siigar-raue,  according  to  the  analyses  of  Pebgot,  7 

*y,  «r«  as  follows  :— Murttmqae  («)  ;  Gaadeloupo  (A)  ;  Mauritius  (r), 

(«)■         (*)•  (')• 

Fcligot.  Diipny.  Jcctj. 

Sugar      .»     ..         180  17-8'               lO'O 

WiiUT      ..      .,         721  72*0               690 

Cellulos©..      .♦           99  9*8                100 

Salts         ....           —  0*4  07—1-2 

From  iS  per  cent.  Httffur  found  in  the  sugar-caDe,  as  a  rule  not  more  than  S  perfl 
^AlUncid  KU^itr  can  be  realised.     The  lose  maybe  aeoount<^  for  thus  1 
^itprc'Hr^,  (I  from  tho  cnne,  from  which  only  about  50  to  60  per  cejit.  * 

>«w,  vVo.  ;  a  tiftb  part  is  exhausted  by  refining;  and  finally  tw^-  . - 

iuiii  by  boiling,  while  the  rest  goes  to  the  muliuiBieB,    The  iS  per  ocnt  1 
•cd  in  the  iullowing  i 


In  the  ref  tiiie  sometime  remdiis       , ,  6    per  oent. 

By  Bkimmiiig' . .     « .     ,  *  3'5      „ 

In  the  molasses      3  „ 

As  mw  eu^Ar . ,     , .     . ,      . .     . .     . .  6*5      „ 

18      „ 

Mfr*?JJi?-TiS»e**''  1^*^  preparation  of  raw  sugar  from  tlie  sugar- cane  oonsista  in 
f  !j  and  tlii'ii  doausiiignnd  boiling  the  juice. 

/  ^  "If  the  Juice, — The  sngar-cjines  are  crashed  in  a  prosa  consisting  of 
I  hollow  cast-iron  roUera,  a  b  e^  Fig.  2io»  placcHl  horixonttdly  in  a  cast-iron 
L  By  moan^  uf  the  screws,  1  f,  the  appn>ximate  distance  of  the  rollers  is 
bd*     On©  i-oller  is  half  &a  lai-ge  aa  the  others,  and  is  moved  by  three  cogged 

^^ft  Fio.  210. 

I 


Ib  fitted  on  to  the  astis  of  the  rollers.  The  an  gar-canes  are  truiisferred  from  the 
gfnttcT,  d  J,  to  the  rollers,  a  f,  which  press  them  a  little,  and  from  thence  they 
mriod  over  the  arched  plate,  n,  to  the  n)llera,  a  k  The  pressed  mipir-canes 
¥or  the  gutt^-'r,  /,  the  exprei?8ed  juice  collecting  mfjg,  and  running'  off  through 
^e  m^iddle  roller  is  tcmiud  the  king  roller  ;  the  side  cylinders  are  individually 
ide  roller  and  macasse. 

Jkfiiiiwj  and  Boiling  the  Juice* — The  expressed  juice  is  removed  to  the  boil- 
loaso,  which  is  fitted  with  five  iron  or  copper  vessels.  To  15,000  litres  of  ex- 
ad  juice  5  to  9  litres  of  milk  of  limo  are  added.  The  lime  noutralises  the 
I  aad  other  vegetable  acids,  and  upon  boiliBg  forms  with  t!te  albumen  and  the 
'constituents  of  the  juice  a  thiuk  green  scum,  which  being  removed  the  juice 
owed  to  remain  in  two  of  the  pans  to  evaporate.  A  ftesh  scum  is  formed  on 
r»t  pan,  which  returns  after  a  second  or  third  time  of  ruiiiovid.  The  juico  as 
let  feom  the  press  is  received  into  the  first  pan^  in  which  by  slow  boiling  it 
twe  a  thick  froth,  changing  by  rapid  boiling  to  a  clear  cole url ess  fluid ;  in  the 
iftnd  fourth  pans  the  liquid  becomes  gradually  purer,  until  in  the  fifth  it  cri's- 
^  The  finger  is  dipped  into  the  boiled  juice  to  test  its  consistence^  and  by 
Bttgth  of  the  pendant  di'op,  which  ought  to  be  about  3  centimetres,  the  thick- 
Is  ascertained.  The  boiled  juice  is  placed  in  a  large  op*m  wooden  vessel  of 
1 16  centinietros  capacity,  and  termed  the  cooler,  where  after  standing  twenty- 
iiours  the  sugar  crystallises,  the  cooler  being  provided  with  a  double  per- 
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ood,  and  the  whole  heated  to  the  boiling-point.    The  albumen  coagulates  and 
dins  a  fibrous  8cum»  containing  all  the  impurities. 

2.  Taylor's  filtering  apparatus  is  now  much  used  for  filtering  the  sugar,  charcoal 
eing  employed  as  the  purifpng  agent. 

3.  The  boiliug  of  the  clear  sugar  in  pans  placed  over  a  vacuum  apparatus,  re- 
embles  the  prcyious  boiling,  with  the  exception  that  the  fiuid  is  rendered  purer, 
oto  12  per  cent,  water  remaining. 

4.  Cooling  and  crj'stallising.  When  the  sugar  begins  to  crystallise  on  the  sur- 
loe  of  the  vaccum  pan,  generally  at  80°,  the  temperature  is  lowered  to  about  50°, 
IB  too  great  heat  at  this  stage  of  the  process  exercises  an  injurious  effect  upon  the 
ngar,  which  now  forms  an  amorphous  mass,  and  is  drained,  washed  with  clean 
(yrop,  and  prepared  for  ordinary  loaf-sugar.  Sugar-candy  is  the  result  of  slow 
systallisation,  the  crystals  by  this  means  acquiring  a  larger  size  and  more  regular 
bna. 

5.  The  shaping  of  the  crystallised  mass  into  the  form  of  a  sugar-loaf  is  accom- 
iliflihed  by  evaporating  the  sugar  and  placing  it  in  earthen  conical  moulds  to  soli- 
lify  at  a  temperature  of  25®  to  30°.  After  standing  ten  minutes  the  sugar  sets  into 
mul 

6.  Drying  the  sugar.     After  standing  twelve  hours  a  green-coloured  syrup  is 

biained  from  the  crystalline  mass,  which  is  removed,  and  the  crystals  submitted 

» a  centrifugtil  process  of  drying,  then  placed  in  a  drying-stove  at  a  temperature 

^  25®,  which  is  gradually  increased  to  50'.     By  thus  refining  the  raw  sugar,  the 

dinary  loaf  sugar  is  obtained. 

lotecUonofRaw  suicar.  The  estimated  production  of  rawsngar  in  1870  was  55,000^000 
rts.,  the  largest  instalment  being  from  Cuba. 

Beet-Root  Sugar, 

toHitoR.  In  the  year  1747  Marggraf,  a  chemist  of  one  of  the  Berlin  academies, 
Bcovered  crj'stals  of  sugar  in  the  red  beet.  Beta  cicUiy  which  he  doomed  capable  of 
anufacturing  into  the  commercial  ai'ticle.  He  found  that,  treated  with  alcohol,  the 
hite  beet  yielded  6*2,  and  the  rod  variety  4*6  por  cent,  of  sugar.  But  the  prepara- 
on  of  beet-root  sugar  was  not  developed  until  the  close  of  the  year  1800.  Achard 
id  Hermbstndt,  of  Berlin,  tiied  many  experiments  with  tliis  new  product  with 
inal  Buccoss,  always  finding  that  beet-root  contained  crj-stulliscid  sugar  to  the 
mount  of  6  per  cent.,  with  4  per  cent,  of  molasses,  and  sometimes  a  larger  quantity 
f  sugar.  About  the  time  of  the  Continental  war  native  i)roducta  wore  in  request 
a  account  of  the  difficulty  and  expense  of  obtaining  foreign  ai-ticlcs.  The  first 
Napoleon  supported  the  new  product  in  the  pursuance  of  his  "  Continental  system  *' 
f  excluding  cane  sugar  from  the  French  markets,  and  a  trial  of  the  German 
letliod  was  made,  but  it  was  not  crowned  with  the  success  it  has  now  achieved 
utilten  years  after  his  overthrow.  The  annual  production  of  sugar  in  181 1  did 
okexceecl  13,000,000  lbs. ;  the  present  yearly  consimiption  of  l)eet-root  sugar  ex- 
Jeds  15,000,000,000  lbs.,  this  enormous  amoimt  being  8ui>plied  by  more  than 
^ty  manufacturers. 

ipNiMor  Be«.  The  vegetable  known  as  beet-root  is  a  large  fleshy  root  of  the  beet,  a 
*nt  of  the  species  Beta  maritimay  largely  cultivated  in  France,  Belgium,  and 
ortugal  for  the  production  of  sugar.  There  are  several  varieties  of  the  two  species, 
t  white  beet  being  preferred  on  account  of  its  yielding  more  sugar,  and  also  for 
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its  purity  of  colour,  tho  red  beet  being  cbiefly  cultivated  for  culinaiy  ptupoeei* 
There  is  also  the  field  beet,  commonly  known  as  the  mangold  wurzef,  which  vu 
first  used  as  provender  for  cattle  about  the  end  of  the  last  century.  The  sugar  beet 
has,  in  course  of  cultivation,  been  improved  by  many  new  methods  of  manuring; 
&c.,  until  it  yields  13  and  sometimes  14  per  cent,  of  sugar.  In  Germany  the  follow- 
ing varieties  of  beets  are  principally  cultivated  : — 

I.  Qucndlinburg  beet,  a  slender  rose-coloured  root,  and  very  sweet ;  it  is  mahmd 
fourteen  days  before  any  other  kind.  2.  Silesian  beet  is  pear-shaped,  with  bright 
green  ribbed  leaves ;  it  is  known  as  the  green-ribbed  beet,  and  does  not  produce  so 
much  sugar  as  the  former.  3.  Siberian  beet  is  pear-shaped,  with  white-green 
ribbed  leaves,  and  is  known  as  the  white-ribbed  beet.  It  does  not  j-ield  so  well  ai 
the  Silesian  beet,  although  of  a  greater  weight.  4.  The  French,  or  Belgian  beeti 
has  small  leaves  and  a  slender  and  spiral  root,  yielding  sugar.  5.  The  Imperial 
beet  is  slender  and  pear-shaped,  yielding  much  sugar.  The  king  beet  is  a  bien^ 
nial ;  in  the  first  year  tho  root  is  merely  developed,  in  the  second  it  bears  seed. 

The  following  is  a  list  of  the  countries  where  the  beet  is  cultivated  for  sugar : — 

Beets  The  Tnanufacture  -w.    g^^ 

In  According  to—     gathered  of  suitable  Beets  "t~  ^,-^Sr 

in  cwts.  in  cwts.  ^oanoM, 

Austria Erause  104—145  88—123  770— loS^ 

AuRtria Burger  169 — 193  143—164  1256— 15^ 

Bohemia Neumann        112 — 145  95 — 123  836— life 

PrusHia LUdersdorff         146  124  1088 

Pnii«ia Thaer  180  153  1336 

Baden      Stolzel  120—160  102—136  896— 1196 

France : — 

Northern  Departments )  Dtiman  /  '93  '^  ''♦'^ 

Other  „  j  i^nmaa  ^  ^^  ^^^  ^^ 

Franco     Boussingault       149  127  II16 

In  ju^enoral   140  to   160  cwts.  arc  cultivated,  out,  and  cleaned,  per  acre,  there  being  few 

Magdeburg-  acr(?s  to  one  hectare,  which  usually  yields  sufficient  roots  for  three  days*  wok  _ 

^"""Xc^ilm  "*'"**  Tlio  flesh  of  the  beet  consists  of  a  quantity  of  small  ceUa  ceo- 
laining  a  clear,  colourless  fluid.  Tho  constituents  of  the  sugar-beet,  according  to 
chemical  analyses,  are : — 

Water      827 

Sugar       11*3 

Cellulose o'8 

Albumen,  caseino,  and  other  bodies i'5 

Fatty  matter o*i 

Organic  sub>tances,  citric  acid,  pectin  and  poetic  acid,  \ 
asj^aragin,  aspartic  acid,  and  be  tain,  a  substance  having,  I 
according  to  M.  Scheibler,  tho  formula  C15U33N3O6     . .   I 
Organic  salts,  oxalate  and  pectate  of  calcium,  oxalate  end  ?      37 

poctato  of  potash  and  sodium I 

Inorganic  salts,  nitrate  and  sulphate  of  potash,  phosphate  I 

of  lime  and  magnesia       / 

Near  Magdeburg,  where  tho  beet  is  extensivoly  cultivated,  the  general  resiiMi 
give  :— 

The  greatest  sugar  production,  as  13*3  per  cent. 
That  from  inferior  beets,  as      . .     9*2      ,» 
The  average  beet  yielding  . .     .,  ivz      ^ 
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Tlie  oomponents  of  the  beet  vary  according  to  tlio  time  of  tlie  year,  it  at  some 
florioda  oontaiaing  more  water  than  at  others,  from  82  to  84  per  cent,  being  the 
verage.  In  the  autumn  it  does  not  contain  slime  sugar ;  in  February  and  March 
le  componentfl  intermingle  and  some  decrease  nearly  z  per  cent.,  as  shown  by  the 
kllowing  analyses : — 

October.  February. 

Woody  fibre  and  pectin     . .  3*49  per  cent.  2*52  per  cent. 

Water 82*06      „  84*36      „ 

Sugar I2'40      „  io'6o      „ 

Slime  sugar coo      „  0*65      „ 

Mineral  salts       075      „  0*63      „ 

Organic  acid  and  extractives  1*30      „  1*24      „ 

lOO'OO  lOO'OO 

Z24  cwts.  of  beet  yield  on  an  average  i  cwt.  of  raw  sugar. 

iMchwiiBecvy.  The  measure  of  the  amount  of  saccharine  matter  contained  in  the 
irious  crude  sugar  productions  can  be  estimated  either  by  the — 

1.  Mechanical, 

2.  Chemical,  or 

3.  Physical  method. 

■wiMBiiai  Method.  The  middle  part  of  the  beet  is  cut  in  thin  alices  to  the  weight  of  25 
» 30  gnnn.  each,  and  dried.  From  the  difference  in  weij?hi  before  and  after  drjrin^,  the 
■antity  of  water  contained  in  the  root  is  ascertained.  The  dry  residue  is  pulvcriHcd,  and 
MQ  treated  with  boiling  dilute  alcohol  of  a  specific  gravity  of  0-83.  By  this  means  the 
Igar  is  dissolTcd,  and  the  weight  ascertained.  The  insoluble  residue  gives  after  drying 
le  weight  of  the  cellulose,  protein  bodies,  and  mineral  constituents.  If  the  alcoholic 
ihition  be  placed  in  a  vacuum  over  cuustic  lime,  it  gradually  becomes  more  and  more 
moentrated,  until  after  standing  about  a  day,  the  sugar,  owing  to  its  insolubility  in  abso- 
ite  alcohol,  may  be  collected  in  small  colourless  crystals,  only  absolute  alcohol  remaining, 
rood  sugar  beets  give  20  per  cent,  dry  residue,  the  water  amounting  to  80  per  cent.  Of 
»  20  per  cent.,  13  per  cent,  is  usually  sugar,  and  the  remaining  7  per  cent,  pectin,  ccUu- 
■e,  protein,  and  mineral  substances.  '  The  higher  the  specific  weight  of  the  juice  of  the 
eet,  the  more  sugar  it  contains.  The  juice  of  a  good  beet  properly  cultivated  marks  8' 
nd  sometimes  ci*  B. 


1  Method.      The  chemical  method  is  based  upon  the  following  facts : — 
a.  The  known  proportional  solubility  of  hydrate  of  lime  in  cane  sugar. 
I.  The  capability  of  a  cane  sugar  solution  to  i-oduco  the  hydroxides  of  copper  to 
protoxides,  the  quantity  reducod  affording,  an  estimate ;  and  the  convei-sion 
by  acids  of  cane  sugar  into  inverted  sugar  (a  mixture  of  levulose  with 
dextrose  or  glucose), 
c.  The  fermentation  of  sugar,  giving  rise  to   the  formation  of  alcohol  and 
carbonic  acid,  the  amount  of  which  can  be  ascertained,  4CO2  corresponding 
to  I  mol.  of  cane  sugar,  Ci^HajOn. 
The  first  of  these  methods  is  that  of  determining  the  solubility  of  hydrate  of 
me  in  a  cane  sugar    solution.      The    fluid  containing  sugar  is  stirred    with 
ydrate  of  lime,  the  quantity  of  which  dissolved,   estimated  by  titration  with 
olphuric    acid,    determines   the    quantity   of   sugar.      The   second    method    is 
toimdod  on  the  researches  of  M.  Trommer,  who  found — (i.)    That  cane  sugar 
1  an  alkaline  fluid  does  not  reduce  oxide  of  copper;   but  it  becomes  reduced 
the  sugar  has  previously  been  boiled  with  sulphuric  or  hydrochloric  acid, 
i^eacid  converting  the  cane  into  inverted  sugar.     2.  The  quantity  of  the  reduced 
Potoxide  is  proportional  to  the  quantity  of  sugar.    Barreswil  and  Feliling  give  a 
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ter?t  baROfl  on  this  law: — An  alkaline  solution  of  o3tido  of  copper  is  inid«] 
disftolving  40  gnus,  of  sulpliate  of  copper  in  160  gnns.  of  water,  and 
a  solution  of  160  grms.  of  neutral  tartrate  of  potash  in  a  littlo  water^ 
600  to  700  grm.'*.  of  caustic  Bfxla  ley  of  a  specific  gravity  =  i-i^.  The  mittj 
sliould  bo  next  diluted  to  1154^  c.c.  at  15'*  A  litro  of  this  copper «olutian  i 
34*65  gnus,  of  sulpliato  of  eripper,  and  rt,'»<|uiriiS  for  its  reduction  5 
di^xtroHo  or  lovulose ;  or  10  atoms  sulphate  of  copper  (1247^5)  ^^^  r^itin!d,| 
means  of  i  nttira  of  dextrose  or  lovulose  (180),  to  protoxide  (34  65:5:=:  1274*5:^ 
or^  6'93 :  i),  la  c.c,  of  the  copper  solution  ctjn-espondin^'  also  to  0*050  ^rm^  d^ 
dextrose  or  levuloso.  Mulder  prefers  a  solution  in  which  1  part  of  oxido  of  c 
corresponds  to  0*552  part  of  dextrose  or  levuloso  of  the  formula  CgHti'^^+H^J 
the  use  of  this  test^liquor,  the  amount  of  suji^r  may  l>o  ascertaineil  with  d 
aci'urary.  liy  another  metho<l  10  c.c.  of  thia  copper  sulution  are  heated  with  40^ 
of  wiiter»  and  plucimliu  a  sugar  solution  till  all  the  oxide  of  copfKjr  is  reduced, 
this  point  is  nearly  reached^  the  precipitate  becomes  redder,  and  forms  more  \ 
Testing  the  tiitrato  with  ferrocyanide  of  potassium  ^411  thn»w  down  a  yeUow  | 
cipitate  if  there  bo  sugar  in  excess.  The  copper  sfilts  are  ingtantaneou«ly  J 
by  the  sugar  in  corresponding  quantities ;  long  boiling  is  not  necessary,  too  J 
dextrose  or  levulose  correspond  to  95  parts  cane  sugar. 

f^wwotiTct.     The   third  muthod,  the  ferment  test  as  it  is  generally 
gromided  on  the  fact  that  a  solution  of  sugar  may  be  prederved  for  an  iod 
porioii  in  an  open  or  close  ve^s^el ;  but  that  if  decomposing  azotized  matter  bm 
dentally  or  intentionally  added,  the  sugar  is  conyorted  iirst  into  dextrose  or  I 
which  suffering  vinous  fermentation  is  conyerted  into  alcohol  with  the  i 
of  carbonic  acid. 

I  mol.  of  cane  sugar,  \     yields  by     J  4  mols.  of  carbonic  acid  =^  176, 
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Clio  —  342,     "       I  fermentation  \  4  mob.  of  alcohol  =  188 
The  estimation  of  the  quantity  of  carbonic  acid  is  easily  j>Grft*rmed  by  Oleiall 
tho  alkalimetric  apparatus  of  Freaeoius  and  Will.     The  fermentation  being  c 
plete,  the  air  is  sucked  out  of  the  apparataSi  and  the  amount  of  carbuab  1 
estimated  from  its  loss,  which 

Multiplied  by  '(^^^1*9432^  gives  the  quantity  of  cano  sugar. 
,,  ti' ^^  2'°4545*  gives  the  quantity  of  d«^xtrose. 

iiiyatett:  Mr0u»(].      The  Hiw  sugur  containing  dextrose  or  dextrine  rotates  tlie  ] 
of  polarised  light  to  tho  right  hand  in  proportion  to  the  quantity 
sugar  solution  of  100  c.c,  containing  15  grms.  of  sngar  turns  the  ra> 
jht  of  200  millimetres  length,   20'*  to  the  right.     Proportionally  a 
p  c.c.  containing  30  grms.  of  sugar,  turas  the  my  40'.    The  forms  of  poll 
i  Tory  various,  and  this  method  of  estimation  has  receivtjd  attontioa  from « 
inent  phygicists, 

^'"Kt'SII^i!*"     ^G  preparation  of  sugar  from  the  boot  consists  in  tlio  foll<y 
"operations  :— 

1.  Washing  and  cJeonsing  tho  beet. 

2.  Obtaining  the  juice  fi'om  the  root, 
a.  The  root  is  ground  to  q  pulp  and  subiected  to  hydraalio  pressure, 
d*  The  juice  i*  extrnctcd  from  the  pulp  by  meaner  of  a  contrifi 
y.  A^^rTding:  to  Schiitzenbaeh,  after  the  maceration  julue  is  . 

I '  by  water. 

-yii  is  cut  into  thin  dioes  and  plaecNl  in  a  vessel  (diffaaion  appftnlni}  ^ 
>>  a  I.  or  at  a  certain  temperature. 


5,  Kefiumg  Uie  jmce  with  lime,  and  removing  the  lime  with  carbonic  acid, 

4.  Filtering  the  juice  through  charcnal. 

5.  Boiling  the  iiifiutid  juir«  tV*r  rrystalUaatipn. 

6.  The  mnnufacture  of  raw  aud  refined  sug^. 

a.  Haw  or  moist  sugar. 
3.  E^fiiit>d  or  lujif  sugar. 
Wash  in  tj  and  Clmnsiny  the  Btet.—Tlifi  boct  when  newly  dag  requires  washing 
L  cloansiDg,  which  i^m  10  and  sometinwss  20  per  cent  from  tho  weight  of  the 
Chain ponnois's  washing  machine,   is,    perhaps,   the  most  successful;    it 
I  of  rerolving  diiima  of  open  iron-  or  wood- work  placed  in  a  trough  mipphed 
I  water,  tho  drums  mnking  from  8  to  40  revolutions  in  a  minute.     The  beets 
I  from  all  impurities,  wushoil,  are  cut  and  submitt«Ki  to  elutriation  on  a  sieve. 
>  to  1200  cwijs.  beets  can  be  pr»3pai^d  per  day  of  twenty- hour  hours  with 
\  power;  the  length  of  tho  washing  drum  being  from  31  to  4  metres  with  a 
aeter  of  i  metre,  the  drum  making  from  30  to  40  revolutions  per  minute, 

Siparatittg  t\e  Juice  from  the  Mm>t, — Thonj  are  two  methods  of  effecting  this ; 
[fint  by  grinding  Iho  root  to  a  pulp,  and  then  removing  the  juico  by  : — 
a.  Prfjssing, 
JS.  C«Mitrifiigal  force. 
y,  Arcif«ration. 
!  gugar  in  tho  beet-root  b  contained  in  the  cells,  which  are  easily  opened,  but 
piire  a  moderate  pressure  to  extract  Ihfl  juice  containing  the  sugar.     A  hand- 
ttg  machine  is  sometimes  found  suliiciont  for  this  purpose,  but  Thierry's 
bicg  niiicliine,  sho'v^-n  in  the  following  illustration »  Fig.  21 1,  is  generally  used. 
\  gnmbng  cylinder,  Fig  212,  is  0*5  to  0*6  metro  in  lengthy  and  o'B  to  i"o  metro 
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jainet*»r,  the  periphery  being  set  with  250  saw-blades,  t  (Fig.  211)  is  a  funnel 
diait  wnt^r :  1  the  trouf^h  into  which  the  rtwts  are  pbu*ed ;  m  the  clst<*m  to 
Kife  the  pulp.  The  motive  power  gears  with  a  and  » ;  and  tho  motion  of  tho 
I  of  a  is  by  means  of  the  pinion,  h,  communicntetl  to  the  eccentric,  cf,  and  friction 
(P,  tf  theaoeby  the  arm,^,  imd  connecting* rud,  A,  to  the  plunger*/,  which preaaea 
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the  Toois  against  Uie  edgtja  of  the  aaw-Mades  ctmceiiled 

Wng  regulated  by  tlio  weight,  k.     Tho  cj^lmdur  revolves  looo  to  lioo  t 

rnmute.  Inducing  from  Soo  to  looo  cwts.  of  beets  to  j)ulp  m  twenty-four 

The  wuter  from  t  is  nutieiisAri 
^^'  tho  piilp  may  bo  ground  toi 

coneietcDce, 

a.  The  juice  is  ot^tmoi 
pressing  the  piijp  by 
«tjne  or  iron  roller  through! 
of  linen  clotha.  But  in  the  ] 
manufactories  the  hydmu] 
linimah  press  is  mn^t  g«< 
adupteiL  The  pulp  la  pla< 
Backs  or  bags  between  inm  ] 
and  Bubjwted  to  a  i»re«nirei 

to  6cx)  lbi!«   Tn©  expressed  juice  flows  from  the  beil -plate  into  a  pipe,  which  cfM 

it  to  a  n^cfptacle.     loo  cwts.  of  beot,  with  a  pressed  residue  of  i8  per  cent, 

82  per  cent,  good  juice. 
The  Rraidnc.      According  to  tho  researclies  of  M.  Wolff,  the  residue  of  the 

used  at  Hohenheim  contains — 

Wlien  tho  b^jeta  aro  pressed  with : — 

20  per  cent. 


Wat^r       

Aah 

CtUulose  . . 

Sugar        

Protein  snnbstancea. 
Other  nutritious  ^»  . 


Frcah  Roots, 

81-56 

0S9 

I '35 
irSS 
087 
3*47 


14  per  cent. 
Water. 
6792 
S74 

% 

1.67 
1005 


loo  partd  of  bctit  Icare  23'2  parts  residue  and  76'S  parts  jttloe  of  the  followiiiif  { 

Bitiuu: — 

Besiduo. 
Water .,     1561 


Ash 

0^nla<«        . .     . . 

Sugar 

CarV»oii  hydrut^?     . . 

Protein  ftubj^t^ncea 


Juice, 


23-20 


10*17 
o  65 

76S0 


0.  The  juice  Is  now  gGnomlly  obtain«3d  from  tbo  pulp  by  means  of  the 

maehine  to  thu  extent  of  50  to  60  per  eent.»  water  being'  applic^d  to  the  red 

obtain  a  tb.in  pulp  alao  used  in  su^tr  manufacture.   A  centrifugal  modune  t 

in  diameter  will  express  100  cwt^.  pc>r  day.   The  power  to  which  the  first  jiiioS 

IB  5*1  ttfmo8pheri:'«,  60  per  cent,  juice  being  expressed.     The  remiiinder  of  the 

after  tbe  addition  of  wat^^r  to  the  contents  of  the  machine,  i^  dxpres^Kvl  ttt  a  pit 

of  1*8  atmospheres,  the  quiintit}'  nf  water  amounting  to  50  to  60  p<>r  cent, 

g;Uantity  of  beeta.     Of  the  roots  50  per  cent,  remain,  20  per  cent,  in  the  T\ 

I  50  per  cent,  in  tbo  clarifying  voasol. 

y,  Tieating  the  beet-pulp  according  to  Schtit^.enbaeli's  method  of  immerwfll 

*ceration  in  order  to  obUiin  th*?  juice.     Tho  roots  are  rleantxl  and  theni 

ices  by  a  cutting  machine.     They  are  then  passed  to  a  flrjnng  cham.ber 

9*,  and  subsequently  ground  to  a  meal.     Four  parts  of  this  meal  an  allfil 
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^^^parfs  water,  to  wMcli  sometimes  sulphuric  acid  is  added.     Another 

,  is  to  moisten  the  dried  l>eet-mual  with  milk  uf  lime*  aod  afterwards  continue 

ition  iu  a.  bath  of  water  heated  to  80^,     Tliese  methods  aro  largely  u«ed  in 

By,  where  in  gMnenU  practice  it  is  ibund  that  475  cwta.  of  green  roots  yield 

.  of  dry  bet't-mcaL    The  joico  is  afterwards  treated  with  Ume- water  for  the 

«9ca  of  purificatioa. 

Before  any  juice  can  be  obtained  it  is  necessary  to  open  the  cells  in  which  it  is 
lied.  Thia,  as  it  hits  been  seen,  may  be  offect^jd  by  pressure  or  by  maceration  in 
I,  by  which  the  cells  are  broken  and  to  which  they  yield  their  suj^ar.  The 
iion  with  each  cell  is  vt-ry  similar  to  that  of  the  dialyser  used  in  dialysis;  the 
r  lxH.ora09  grochuxlly  diilused  in  the  water,  the  insoluble  substances  remaining 
L  the  cell*  By  this  mejins  a  very  pure  »ugji.r  solution  muy  be  obtained  and 
Rrotda  concenti'ate<L  The  diffusion  residues  are  always  very  watery,  containing 
c  cent*  water  and  7  per  cent,  dry  substanc^^s, 

»«fikeJuk^e.      The  juice  after  being  expressed  from  the  pulp^  if  allowed  to 

i  exposed  to  the  action  of  the  air,  throws  down  a  dark   flaky  precipitate, 

free   acids  the  juice  contains  the  lighter  will   bo  the  colour  of  the 

kte,  and  the  juice  will  appenr  of  a  brown- red.     The  jiiioe  ia  not  only 

tlution  of  eugar^   but    contains    the    soluble    constituents  of   the  beet,   in 

nitrog»?nous  and  mineral   substancea   are   very  prominent.     Sugar  under 

aacDtation  forms  lat^tic  acid  and  other  products ;  but  is  is  separated  from  all  im- 

and  refined  into  crystals.     The  usual  method  of  refining  is  to  bLiil  the 

pidly  in  copper  refining- vessels  constructed  with  double  botttims.     The 

I  boiling  separates  the  coagulated  juice,  whilst  the  free  acid  ia  neutral iaed 

[tKe  intrt>iluttion  of  dilute  milk  of  lime.      The  lime  also  seiTca  to  separate 

\  nitrogonouft  Rul^stances  of  the  juice,  and  enters  into  a  combination  with  a 

ill  portion  of  the  sugar,  forming  sugar-lime  or  calcium  sacrharat*^.     Lime,  too, 

^wn  down  from  their  salt«  protoxide  of  iron  and  magnesia,  while  pobu-h  and 

I  art?  set  free.     The  quantity  of  lime  added  dcpotid.^  npon  the  condition  of  the 

As  a  rule,  to  100  pounds  of  juice,  i  to  2  pounds  uf  lime  are  addt^,  or  to  2  cwts. 

Itwte  I  pound  of  litnc.    The  insoluble  cfjuibinatioiis  of  lime  are  separated  from 

1  juice  as  a  slime  by  filtering  iu  a  filtering  pre^s, 

,  Df- Liming,  or  SatHratifit}  the  Juice  with  Carbonic  AM, — The  clear  juice  is  by  no 

tx9  a  pure  sugar  solution,  but  contains  besidesj  free  sugar,  sugar-lime,  free  potash, 

faoda,  sometimes  ammonia,  and  a  small  quantity  of  nitrogf  nous  organic  substances. 

>  V  the  fnje  alkalies,  ammoniabeing!iu*goly  developed  by  their  evapomtion. 

1  c/»utains  various  orgtinie  acids  (aa  aspartic  acid)  and  alkaline  salts  (as 

aW  4itul  nitrate  of  potash).     The  dccenipos ition  of  the  sugar-lime  effects  the 

I  of  the  extraneotus  substances  from  the  juice.     The  phyBicnl  method  of  puri- 

\  Ijie  juice  is  by  filt-t*ring  it  ib rough  animal  charcoab  while  the  chemiciil  method 

Hk^l  by  means  of  carlionic  acid.     The  use  of  carbonic  acid  was  first  recom.- 

ded  by  BaiTiiel,  of  Paris,  in  181 1.  and  later  by  Kuhlmann,  Stihatten,  and 

olis.     The  latter  obtained  the  gas  from  the  action  of  sulphuric  acid  up<m 

,  or  btjtter  upon  magnesite ;  the  former  employed  the  gas  resulting  from  the 

bnstioQ  of  charcoal  or  coke.     Lately,  Ozouf  has  prepared  carbonic  acid  gas  by 

Dg  biearhonate  of  soda.    In  the  German  manufactories  the  decom^Kisition  of  the 

iT-lime  is  effected  in  a  Kleeberger  s  pan,  Fig.  213,     This  apparatus  consists  of  a 

^ipon  cistom,  b,  to  contain  the  juice.    The  carbonic  acid,  having  been  washed  in 


ilTOAR, 


375 


Besides  acting  as  a  filter,  charcoal  posseesea  the  property  of  removiiig 
lir  frt>m  the  licpjid  ul lowed  to  percolate  tluough  it.  Wood  charcoal  was 
d  for  the  purposes  of  8Ugar-rofinmg  in  1798,  but  lately  ha^  ^vi^n  place  to 
loytnent  of  naimal  charcoal  (bone  charcoal),  which,  acconling  to  Schatten, 
ndency  to  remove  the  lime  and  salts  in  the  juiLr.  At  tirst  it  was  used  in 
bat  now  it  is  empluyud  iu  the  form  of  lumpB*  The  old  method  oonaisted 
1^  tho  (Hiwdtired  charcoal  with  the  juice,  blood  being  afterwardii  added,  as 
iaal  methods  of  su;>ar-refluing^. 

114  exlubits  a  si^cttoii  of  Taylor's  filter,  which  has  been  in  nae  ainoe  1825, 
!e  is  admitted  to  tho  upper  cistern,  A,  by  mo-ans  of  the  pipc^,  o,  and  gra- 
lercolatcs  through  the  long  linen  ba^s  ausj>cnded  from  the  bottom  of  A  in 
ontoining  charcoal,  a  layer  of  charcoal  being  also  pkced  in  a.     The  mouth 
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*  is  kept  opim  by  a  Iilluu  l-pioc<,*  tsho wu  ut  r.  Tho  filtered  jtiice  is  received 
lower  cistern,  whence  it  paasos  by  the  pipe,  a,  into  the  reservoir. 
Fflrer-  Piijot  dos  Chanucs  employed  animal  charccKil  in  1822^  but  Dumont 
haps  the  first  to  make  its  use  successful  by  meaue  of  a  tilter  atill  bearing 
0^  shown  in  vertical  aoctioa  in  Fig.  215,  and  in  plan  in  Fig.  216.  The  juice 
led  to  the  filter,  A,  from  the  ei stern »  D;tbo  supply  bein^*^  re^ilated  by  the 
k.  d  e^  The  piec^ei*  of  charcoal  in  v  rest  upon  the  sieve,  h  h^  the  percolating 
ing  received  into  the  ciatern,  and  removed  by  the  tup,  0.  0  is  a  man-hold 
sltsansing  of  tho  apparatus. 
i«ip«n»       Tho  pans  giuerally  in  use  for  evaporating  the  juice  to  crystallisa- 

made  sufficiently  strong  to  withstand  high  stoaiu  and  atmospheric  pressuro* 
oesdos  of  evaporation  are  : — 
CTnder  the  usual  air-pressure  : 

«,  In  pans  susi>ende<l  over  an  open  fire; 

h  With  high  a  team  pressure ; 

s.  Bj  hot  air. 
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n.  By  diniimshed  air-preaBure  or  vacuum  pans,  the  Tacuum  being  j 
a.  By  the  air-pump  ; 
h.  Oil  tlio  principle  of  tKo  Torricolli  Tacuum ; 

c.  By  means  of  steam  and  condensation ; 

d.  By  combining  tko  methods  a  and  h, 
Th©  pans  are  con8truct<?d  to  prevent  the  In  >iliiig  over  of  the  juice.    Owi 

lU  eifectB  of  an  open  fire  ia  the  danger  of  ovor-heating,  or  burning  as  it  is  < 
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which  deteriorates  the  quality  of  the  sugar  solution  in  TariooB 
caramt'L      Fi^.  217  ia  a  vertical  section,  »tid  Fi^.  218  the  plan  of  ( 
ainmgement.     d  is  the  evaporating  pan,  A  the  fire-plaeo,  c  Uie  ash-pit,  K  ] 
the  ftll©.     The  fuel  is  placod  on  the  sloping  grid,  h,  through  the  fa 
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The  fire- room  is  arched,  the  flame  and  hot  gases  passing  through  tbo  ( 
into  contact  with  the  evaporating  pan ;  II  admit  air  to  the  fire-place.    Hw^ 
a  suspended  pan,  as  shown  in  Fig.  2ig,  is  preferable  for  many  ivasona* 
juic©  is  sufficiently  concentrated,  the  workman  has  oiUy  to  pull  the  TOpej  j 
©rofity  the  pan. 

The  Pecquer  emporatixig-pan  is  heated  by  steam^  the  pipes^  Figs.  230 1 
being  placed  horizontally  under  tho  pan.     The  steam  eiutera  by  «  into  %  \ 
*1iroQgh  the  pipcfi,  and  \b  conveyed  away  by  d  and  «.    The  heating  by  j 
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\f  Berosne's  apparatus  ia  extGnsirely  used;  biit that wEicli  we  shaU 
Ib  witk  gonoral  approTal  in  Germany,  and  baij  the  advantagoa  of  bein^ 
tostruction  and  li'ds  costly  t*>  work.     Fig.  223  is  a  perapective  view, 

n  section  of  tliis  form  of  eAMporatiag  pan.  Tho  boiling-pan,  B,  con- 
lir*tif;ht  bemiapheres,  Bunnounted  by  a  funnel  connect e«l  by  tho  tube, 
^ntlinsor,  A»  Tli"^  uppuratus  is  supplied  with  Ht4/am  by  r  s,  tlio  st<^<uii 
il  the  boiling-pan  by  means  of  tho  pipen,  f/,  Fig.  224.     By  opening  the 

/,  the  j*iico  can  bo  vui\  by  mcanB  of  tho  pipo»  o,  into  tho  pan,  p. 

11,  after  cont.nued  b<>iling,  roquiren  to  be  re^iilled,  the  pipes  I  and  w 

to  ttn  air-pump,     Tho  manomoter,  A,  aliowa  the  state  of  the  air-pres- 

can  be  regulated  by  opening  the  pipes  connected  to  the  yacuura- 

Fio,  224. 


^■/J 


^in<»ans«>rthf'  gai]orf^-t  ylindiTj  o,  th'^  quantity  f*f  sj^nip  in  the  boiling- 
rtiiin*^!,  tho  ^;iti-< -cvliudnr  bciog  connected  Ut  tho  boiling-pan  by 
id  >*,  and  th«  hei^lit  re«d  otf  from  tho  gaugfi-tube,  n.    The  syruj>  can 

>r  the  purp<iso  of  aeoertaining  its  consistency,  from  tho  gaugo-fvlinder 

ither  of  the  thi"oe  pip«a»  h  f  it  By  w  steam  can  h^  admitt<jd  to  the  boil* 
ronilenser.  e  js  goncraUy  of  stout  glass,  thrcmgh  "which  the  state  of 
be  observed.  *7  is  tho  grease- cock,  butter  or  fc^oatman'a  paralfiti  being 
i.  to  prevent  the  adhesion  of  tho  acum  to  tho  working  parts  of  the  pan, 
/is  the  man-hole.     Ilie  condenser  conpi.sts  of  the  jacket,  B,  ananged 

mixing  of  the  juice  with  the  water  uet/d  for  condensation,  x  ia  the 
^ipe  m,  conveying  water  to  the  condonsor,  tenninates  in  arose,  z  Isa 
ehowing  the  interior  temperature  of  tho  boiling-pan. 

p  being  si^t  in  operation^  tho  tube  c  is  opened,  and  tlio  gauge-cylinder 
bice  rising  from  q.  By  closing  m  and  opening  z  the  juice  is  admitted 
f-pan.  When  thtft  is  half  full  the  steam -pipe,  a,  ia  opened,  the  st^am 
ig  the  contents  of  the  pan  to  the  boiling-point.   The  condenser  i&  then 
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placed  in  working ;  by  opening  tho  pipe,  ?,  tlio  steam  of  the  juioe  paasas  inta, 
oondonsor,   wliero  it  is  Bp^wdily  condGiifted,   passing  with  the  w&ter  thmi 
Truppe'a  armugement  in  sometimos  found  useful  in  working  the  TomcelH 
The  condenser  is  10*6  to  11  metres  above  the  pan  \  from  it  reaches  a  pipe  t« 
resoryoir  beneath,  the  height  of  the  water  in  thia  pipe  indicating  the  degrw 
fuction  in  tho  pan, 

^^^^&  ^^^  Notwithstanding-  the  first  purifying,  tnany  dubstances  still 
in  the  juice,  tho  carbonic  acid  treatment  not  completely  removing  the  hiije,  fm 
potassa  or  Boda,  ammonia,  and  nitrogenous  organic  substances.  Aoconliftjf  h 
Leplay  and  Cuisinier,  1000  hectolitres  of  juice  yield  300  kilos,  of  snlphati*  wf  lo^ 
monia.  Among  the^  former  decompcjsition  products  are  also  found  nitrait^  him!  «i* 
phflte  of  potassa,  chloride  of  sodium,  iS^c,  besidoa  levidose,  and  humus  gul. 
whith  impart  a  brown  colour  to  the  juice.  The  clear  juice  is,  therefor 
evaporated  U^  density  of  ^4"*  to  25"  B.,  and  afterwards  filteroil  through  aniu 
coal.  DiLring  this  second  evaporation  the  aiumouia  m  got  rid  of,  as  wcU 
organic  substances,  while  the  filtration  removes  the  alkalino  i»alts  and  thu  limcioi 
also  lightens  the  colour. 

5.  Boiling  the  Evaporated  and  Filt^td  Juice  to  CryataUisation, — After  th«  mat\ 
filtering  and  Dvaporation  tho  juice  is  technically  termed  **  thin  juice,"  And 
centrated  to  **  thick  juice  '*  by  boiling  to  tho  point  of  crystallisation.    Atf 
tbe  juice  speedily  begins  to  seethe  and  rise  in  the  usual  manner  of  boihLu 

but  if  tho  tbrobs  in  this  '*dry  boiling/*  as  it  is  termed,  sound  hearj- 
•*  fat  *'  as  it  is  calknl,  it  indicates  that  some  quantity  of  free  alkali  still  is  c«  1 
in  the  juice,  and  a  remedy  is  found  in  the  cautious  addition  of  suljihuric  ana    1 
estimation  of  the  t>pociiic  gravity  of  the  boiled  juice  is  not  practically  avai!:*  I  -•* 
means  of  ascertaining  the  degree  of  concentration,     This  is   beat  arrivr<]    '  I' 
noting  tho  boiling-point  of  the  juice,  which  varies  for  pure  juice  from  112'  f 
but  generally  an  emjjirical  testis  employed,  a  smttU  quantity  of  tfi 
removed  fixjia  the  pan  on  a  stick  of  wot>d,  and  rubbed  between  the  fii;^_ 
pnictice  soon  enabling  the  workman  to  estimate  pretty  accurately  the  oonsijttf*' 
of  the  syrup.     In  some  cases  tho  juice  is  removed  in  a  ladle,  and  the  cc»utis>t«Mf 
judged  from  the  tenacity  with  which  the  juice  clings  to  the  side  of  the  ImtJo  fi* 
sharply  bloT\*ii  with  the  breath.    The  juice  when  sufficiently  concentrated  ti  *- 
nioved  to  the  cooler  to  cr3'stalliBe. 

6.  Preparati(/ii  0/  Moid  or  Raw  Stigar,  and  of  Loaf  Sugar* — When  the  juii*^ 
been  brought  to  such  a  degree  of  conceuti-ation  that  it  ci-ystiiUist^  on  cooling>  ^ 
final  processes  comuience.  The  crystallisation  proceeds  gradually,  the  crj'stiUs  M' 
iijg  more  quickly  tbe  purer  tho  juice.  The  further  the  purification  has  been  rtatui 
the  easier  is  the  separation  of  the  sugar  into  molasses,  and  loaf  or  cryst^lHW 
sugar.  The  loaf  sugar  is  again  wanned  in  a  pan  and  allowed  to  cr\  "  * 
form  to  which  the  general  name  of  sugar-loaf  is  giTen,  variously  ^ 
according  to  their  size  into— 

Loaf  form,  containing  30  to  34  pounds  sugar. 

Coarse  lump  form  „     60  to  70        ,, 

Inferior  form  ,,  120  to  150      ,, 

The  forms  are  generally  made  of  clay,  Fig.  225,  eneircled  by  a  band  of 
eserre  tlie  shape.     Sometimes  the  forms  are  of  polished  plate  iron  ;  papifr 
has  been  used  with  tolerable  success  for  this  pui'poae.    By  the  old  method  of  b*^ 
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Fio.  225* 


>r  in  an  open  pan,  the  ciystals  formed  iinequtilly  in  the  mould,  and  Lad 
ovod  in  several  ways.  The  vacuum  pan,  however,  does  uway  with  this 
^  sugar  crystaHisin^  evenly  in  very  large  quantities.  To  heighti^n  the 
fcf  the  loaf  sugar,  the  manufacturer  soDietimea  adds  ultmmarine  in 
» of  2J  pounds  to  1000  cwts.  ^ugar. 
iimding  twenty- four  hours  the  f^ugar  is  sufficiently  set 
DVed  from  the  mould.  In  working  on  the  large  scale, 
le  are  gf^nerally  arranged  as  shown  in  Pig.  226,  the 
ig  syrup  falling  into  m,  whence  it  is  convoyed  by  0. 
m  is  known  in  tho  ti-ado  as  green  treacle  or  golden 

B7*t^«.      It  13  very  nwc^Sf«ir}'  that  all  mi  gars  boforo  boing 

Hnld  be  thoroiigldy  diniiicd  fp«f>m  all  non- crystallised  Jiiit^, 

md,  if    allowed  to  rtmaiii,  injiinou?4ly  otfoct  the  colour, 

md  drynes*  of  the  lugiir  loaf.     The  method  of  efTbtting 

I  is  by  first  pameniug  a  wTiudl  quantity  of  water  tlirou^rh  tho 

h  water  oonibinef*  witli  a  ^uuill  jMirtioii  of    the  sugar  to 

^   ptin*  «yrup»  which    Rupplaiits    tho    molasses    or   uon- 

l  juire  in  the  iiitprt<ti*'€«   of    the   hiaf.      l^ructicnlly  thia 

ke«  place  in  linen  clotliBp  or  tbo  form  is  tilled  with  a  hiyer  of  pure  juice  to  a 

jf  2  to  3  imheH,  water  btnng  added  till  a  syrup  tjf  tlio  cousisttmcy  of  honey 

t,  wbcn  the  crystallised  sugar  is  forced  in,  and  the  fonn  aet  a**ide   tt>  drain, 

sa«H1on  apparatus,  the  inveuti*>ti  of  M.  Kranbuhlit/,  has  been  employed.     This 

consifita  *Lif    the    uimal   eencn    of 
the   bottom   of  each   of   which  ia  Fio.  226. 

J  tul>e    proceeding  irt    a   vacuum 

ng  also  «fl  a  Tes<*rvoir  for  the 

olafieea.     The  vri  iium  chamber 

an  air-pump  in  the  ovdinaiy 


I'i 


|I»ritT.  The  labour  and  uncer- 
ng  the  aliove  metlif>d8  of  drj  ing 
fiise  to  the  invention  of  a  ma- 
lich  the  non-cryKtalliBed  juice 
hruU^l  before  the snjrar  is  moulded. 
I'h'H  muchinc  for  thin  pviqi(jBe  merely  conwi^tB  of  a  cistom,  tJie  bottom  of 
jonued  by  fine  met^il  Micve*»  lulmitting  the  percolation  of  the  juice,  tho 
fciyatalw  being  rf^moved  from  tlie  ci«teni  and  platwl  in  forms.  But  tho  most 
Phe'  centrifugal  drier,  «1iowti  in  Fig.  227,  the  invention  of  M.  Fe«w^4i,  con- 
an  open  drum,  a,  of  fine  raenhed  wire- work,  cauNcd  to  revolve  in  the  cjiai- 
h  A,  by  ineBUR  of  the  heiel-wheclH,  c  </,  gearing  with  a  motive  power,  the 
log  tooo  to  1500  revolutions  per  minute.  The  motion  of  the  tlrum  c^m  be 
means  of  the  break,  ^,  nnd  re^riihited  by  the  weio'htM  placed  at  n.  The  rttigoy 
non-erj^tallised  juice  in  poured  into  the  dnjm,  which  wiuK-  fwt  in  revolution. 
Sis,  Viy  csentrifugal  foine.  driven  through  the  Fieve,  the  ilry  »\i^t  reraiiining 
jfe)  to  100  pounds  weight.  The  action  of  the  mauhine  in  aided  by  the  cone,  ^, 
of  thia  apparatus,  a  hundredweight  of  sugur  can  Ije  dried  in  ten  to  fiftaen 

HafMrfr—        When  all  the  syrop  has  been  removed*  the  bottom  of  the  loaf  in 
'PC'  the  form  beoomeN  qnite  dry  and  hard  ;  the  h>rif  i«  now  Irn^^ened  in 

^  means  of  along  knife,  em  that  when  tht*  mould  i«  invfirted,  the  Hugar-loaf 
jy  itinelf  on  the  "  unloading  hlofik,"  as  the  l)eneh  is  tj-rrned  whew*  thi.s  operation 
.  From  the  unloading  block  the  loaf  is  removed  to  the  drying  room,  where, 
mperature  of  25"*  and  tinally  at  50",  it  is  dried*  The  loaf  i^  now  r»*ady  for  the 
warehouse,  ^\^leu  the  pure  juice  is  evaporated  to  the  crywtollising  point,  the 
Jar  CTTHrtals  formed  upon  cowling  are  commercially  knoxvn  n.s  the  tirsl  pnxluct ; 
moved*  utill  eontainj*  a  quantity  of  erystallisable  sugar,  and  U  furib^ir  evaporated^ 
iiiig  known  as  the  second  prodoct,  and  of  ooume  oonaidered  inferior  to  the  first* 
ray  a  third  and  a  fourth  prodtist,  known  as  after-products,  may  be  obtained* 
100  kilos,  of  beet-root  yield; — 
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First  product  at  97  per  c«mt. 
Second        „        92        „ 
llimi  »        87        „ 


5S0HIQ8. 
080    rt 

365    „ 


>f  Fna 


Fourth  protluct,  molasses,  &c»   . . 

Total 12*50 

And  npnin,  tlie  sugam  of  each  refining  i«  dihtingnislied  Qocording'  to  Ita  qnnlitT,  tuV 
refined  tiu^ar^  liunp  or  boiled  ^ugar,  crjiTitalliiied  sugar,  raw  or  moist  sagur^  and  mubai 

B«et  MoiMkM.  The  molugses  so  largely  foi-med  during  the  manufacture  of  b<«t*ra 
aiignr  contains  most  of  tho  foreign  substances — caramel,  saltSt  aspartic  ortd* 
common  to  the  cane- sugar  molasses.  Beet  molaases  is  used  extensively  for  s^wieetd 
inff  purposes,  for  tho  preparation  of  a  coarse  Bpirit,  and  in  many  piirte  of  Fna 
and  Oeniiony  as  fodder  for  cuttle.  The  quality  dopeudi*  on  the  mode  of  pr 
the  bec<     100  parts  of  molasses  contain  : — 

SngttT 50'i  49'o  48-0  507 

Non-sae^^harine  matter     . .  33 'j  35*8  34*0  30*^ 

Wat^J^ 16*6  15*3  i8'0  iS*5 

0  loo'O  100*0  100*0 

smrtr  cundT.  The  large,  hmrd 
formed  duriug  the  rariotid 
Hugur  miLiiufiictiirp,  are  known 
candy.  The  conuneroial  urtiole  % 
rally  obtained  from 
crj-stflls  of  b€«t*Toot  sugar  being 
and  fint.  The  amount  of  sugar^ 
made  from  Ix^'t  sugar  does  not  cxol 
20  per  cent,  of  the  entire  prodtictioo*  T 
sugar  selected  for  candy  is  mixed  IQ 
3  to  4  per  cent,  of  animal  ehuwi 
then  cleared  with  white  of  c*gg,  si 
filtered.  It  is  next  boil<»cl  lu  11  wjjip 
or  an  enamelied  iron  ^ 

fire;  whence  it  is  cc  am, 

lijsinj^    vessel,    the    ^. . 
I>ei'forut4'^<l  with  a  scries  of  \ 
Uw  cimotnitric  rin^,  the  di 
each  hole  laterally  being  lei?^- 
betw€>eij  each  ring*     Through  ? 
the   caudy   cni'^stalliscft,    the    siz*^   r>i    u 
holPH  l»tdii^  adju8tc<l  to  the  coufiHeiicyl 
tin*  boikd  suf^r   by  means    nf    ji    \^ 
made  of  line  clay,  ashes,  a«d 
The   t*;T«peratune  of    the    dr\  1    _ 
U  mmntained  at  75'*  for  six  iLtv-N  wltA 
is  reduced  to  45'  or   >o'.  and  in  8  to  ! 


days  the  cryMtalliMil  loll  \.^  «_'»uiplete.  During  the crTfltjdli>;ati 
or  shaken,  or  the  air  allowed  to  uifect  it.  V^m  the  cornel 
candy  is  found  covered  with  a  iniituje  of  sjTiip  and  nmall  • 
fiUing  the  crystalliiiinj?  vessel  with  wea3c  lime- water.  The  rinsing  water  mn- 
as^  cold  water  cracka  the  crystals,  and  hot  water  makes  them,  as  it  is  tccli  i 
blind.  The  crystallising  vessel,  when  emptied  of  the  rinmng  water,  is  *-• 
sJl  saccharine  matter,  and  If  this  be  not  etfected  with  hot  water,  a  smootJi 
loiock  away  the  adhering  crystals.  After  standing  a  day  to  dry,  the  siigar 
for  the  market.  It  is  comiuerciaily  known  as  of  three  kinds: — the  fLneet, 
™*.*  l*^ge  coiourlc&s  crystjd;  yeUow  candy,  a  straw-coloured  crystal ;  au^; 

simihir  in  colour  to  ordinary  moist  sugar.     In  some  parts  of   France  a  ibtrk 
\  manufactured  onder  the  name  of  Sucre  dt  Boerkave.    Inferior  cane  sugar  is  aap 
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iho  brown,  boiled  sagrar  for  the  yellow,  and  refined  sugar  for  the  white  candy.  Sugar- 
dy  ifl  extensively  used,  the  white  principally  in  preparing  **  Liqueur,"  a  solution  of 
dy  in  wine  or  cognac,  alrio  in  champagne  manufacture,  and  in  all  cases  where  a  dear 
ietening  solution  is  required  in  large  quantities.  The  yellow  candy  is  used  for  sweetening 
and  coffee  in  restaurants,  and  enters  largely  into  the  recipes  of  the  pharmaceutist  for 
ctions  of  the  throat  and  chest,  as  well  as  for  making  syrups  intended  as  vehiclbs  for 
iseous  medicines. 

lie  total  annual  production  of  beet-root  sugar  amounted  in  1870  to  i6,ocx),ooo  cwts.,  of 
bch  6,ooo,(xx>  cwts.  are  due  to  France. 

Orape  Sugar, 
■peBagar.  Orape  sugar,  potato  sugar,  starch  sugar,  glucoso,  or  doxtroso,  is  a 
jar  crystallisable  with  difficulty,  occurring  in  a  non-crystallised  state  as  levulose 
^ylarioso  {yvKaptov,  syrup)  in  many  sweet  fruits,  in  the  vegetable  kingdom,  and 
>rms  the  solid  cr}'staUine  portion  of  honey.  It  may  be  obtained  by  any  of  the 
owing  processes : — 
a.  By  the  conversion  of  starch,  dextrine,  cane  sugar,  or  some  gums  by  means 

of  dilute  acids  or  diastase. 
h.  By  treating  cellulose  and  similar  vegetable  matters  with  dilute  acids. 
c.  By  decomposing  organic  substances,  such  as  amygdalin,  salicin,  phloridzin, 
populin,  quercitrin,  gallo-tannic  acid,  &c.,  that  by  treatment  with  dilute 
acids  or  synaptose  (emulsin)  are  separated  into  grape  sugar   and  other 
substances. 
Tax>e  sugar  is  found  in  the  various  firuits  in  the  following  quantities : — 

Per  cent. 

Peach 1^7 

Apricot I'oo 

Plum      2-12 

Raspberry 4*00 

Blackberry 4-44 

Strawberry 573 

Bilberry         578 

Currant         610 

Plum      6*26 

Gooseberry 7*15 

Cranberry     7  -45  (according  to  Fresenins). 

Pear       8-02  to  108  (E.  Wolff). 

Apple 8-37  (Fresenius). 

, 728  to  804  (E.  Wolff). 

Sour  cherry 877 

Mulberry       9*19 

Sweet  cherry        1079 

Grape     . .      :       I4'93 

rape  sugar,  CeHxaOejHaO,  crystallises  from  its  aqueous  solution  in  granular, 
isphorical,  warty  masses.  It  is  less  easily  soluble  in  water  than  cane  sugar, 
requires  ij  of  its  own  weight  of  cold  water,  while  in  boiling  water  it  is 
bio  in  all  proportions,  forming  a  syrup  possessing  but  ])Oor  sweetening  qualities. 
re  are  required  2^  times  more  grape  sugar  than  cane  sugar  to  sweeten  the  same 
me  of  water.  At  1 20**  grape  sugar  loses  its  water,  and  lias  the  formula  CeHi^Oe. 
40*  it  is  converted  into  caramel.  Heated  with  caustic  alkalies  melassic  acid  is 
led,  together  with  humus- like  substances.  Treated  with  sulphuric  acid,  grape 
ix  forms  sulpho-saccharic  acid,  and  with  common  salt  a  soluble  compound  of 
ftish  saline  taste.  With  caustic  potash  in  excess  a  grape  sugar  solution,  when 
ed  to  the  boiling-point,  reduces  the  hydrate  of  oxide  of  copper  to  suboxide, 
e  of  silver  to  metallic  silver,  and  chloride  of  gold  to  metallic  gold.  A  mixture  of 


FERMENTATION.  ^ 

.  Lactio  acid  fermentation,  taking  place  during  the  soaring  of  milk ;  and  at  a 

liighor  temperature  changing  to 
.  Butyric  acid  fermentation, 
these  fermentations  may  be  added— ^ 
.  Putrescence,  noticeable  only  in  technological  chemistry  as  a  stage  to  be 

most  carefully  avoided. 
FonwataUon.  Yinous  or  alcoholic  fermentation  is  the  result  of  the  decomposi- 
f  saccharine  matter,  dextrose  or  glucose,  leyulose  or  chylariose,  and  lactose 
OTeral  products,  principally  alcohol  and  carbonic  acid.  According  to  the 
researches  of  Lermer  and  Von  Licbig  (1870)  dextrine  in  the  presence  of 
is  converted  into  equal  parts  of  alcohol  and  carbonic  acid.  This  will  be  seen 
he  following  table,  which  gives  the  result  for  100  parts  by  weight : — 

Alcohol.  Carbonic  Acid. 
Crystallised  dextrose,  C6H14O7,  46*40 +  44*40=  90*86. 
Anhydrous  dextrose,  CgHi^Oe,  51*  10  +  48*90  :=  100*00. 
Cane-sugar,  ^iz^zzOiu       53*80+51*46  =  105*26. 


Starch-meal,  C6II10O5,         56*78  +  54*32  =  iii'io. 

.01.  dextrose.  C.H„0.  =  x8o.  gives  {  ^  -£  SoSfcO,   =  88 


=  92 


i8o 

ently  Pasteur  has  shown  that  lactic  acid  does  not  result  from  alcoholic  fermen- 
,  but  that  succinic  acid  is  a  constant  product  of  this  fermentation  in  quantities 
less  than  0*6  to  0*7  per  cent,  of  the  weight  of  the  sugar  employed.  Glycerine 
tther  constant  production  to  the  extent  of  3  per  cent,  of  the  sugar ;  this 
.nee  occurs  in  all  wines.  The  5  to  6  per  cent,  of  substances  remaining  may 
ore  be  thus  divided : — 

Succinic  acid 0*6  to  0*7 

Glycerine 3*2103*6 

Carbonic  acid 0*6  to  0*7 

Cellulose,  fatty  substances,  &c.     ..     ••  1*2  to  1*5 

5*6  to  6*5 

The  nature  of  alcoholic  fermentation  was  first  investigated  by  Cagniard- 
r,  while  our  present  knowledge  is  due  chiefly  to  the  researches  of  A.  de  Bary, 
esner,  Hoffman,  Bail,  Berkley,  Pasteur,  Hallior,  Bechamp,  Lermer.  Yeast 
ng  introduced  into  a  fermentable  fluid  rapidly  throws  out  fermenting  arms,  as 
re,  until  the  fluid  is  covered  with  a  super ficial.  ferment,  termed  in  German 
terhc/ey  while  at  the  bottom  of  the  vessel  a  viscid  sediment  is  deposited,  known 
•man  as  the  Unterhe/e,  The  oberhcfe  or  superficial  ferment,  is  employed  as 
by  the  baker,  for  the  purpose  of  leavening  his  bread ;  while  the  unterhefe  or 
jntary  ferment  is  that  employed  in  the  fermentation  of  wines  and  of  Bavarian 
these  beers  differ  from  the  general  beers  of  England,  France,  and  Germany, 
souring  by  exposure  to  air,  this  quality  being  due  to  the  peculiarity  in  the 
iS  of  fermentation,  UnUrgahrung,  or  fermenting  from  below,  during  which  the 
I,  the  substance  absorbing  the  oxygen  of  the  air,  is  removed.  In  the  distilla- 
f  brandy,  the  yeast  employed  is  a  mixture  of  harm  and  hoUom  yeast,  as  the 
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tfrms  run  m  tliis  oountry.     Freali  yea»t  appears  as  a  groy-yellow  or  i«d  froUi  «f 
Btron^  odour,  and  with  an  acid  reaction.     Under  the  micrci»copo  the  two  kind*  «« 
yeant  lire  easily  di^tinj^mwhcd.   The  *tup«rfieiiil  y<3aat  or  barm  oonsi' 
ellipsoidal  cells  of  equal  sizo^  and  about  ooi  millimetre  diameter 
alone,  partly  in  groups  in  the  fluid.     Thy  wjills  of  the  celb  are  so  u^ku^^x* 
the  inner  cells  can  be  Hcen  tlirour;h  the  upper.     In  the  centixj  of  each  cell  n]; 
dark  speck  or  grain,  the  protophpfmaf  sometimeB  ccnBitfting  of  more  than  on*  gnOL^ 
Thi*  Vittom  yoast  or  ftodimentarj'  ferment  also  consists  of  cells,  but  th«j!Se  do  oal 
oUng  together  so  tenaciously  aa  the  cells  of  the  barm,  and  are  gonenilJy  i^oktnL 
while  the  adhesion  is  merely  mechanical  botweeu  those  that  do  -  ' 
slight  concussion  bei ng  sufficient  to  elTect  their  separation.   8ometh; 
the  bottom  yeast  contains  two,  three,  or  even  four  smaller  cells,  the diuieii  - 
cells  varpng  greatly,  and  not  being-  nearly  so  constant  as  in  the  colls  «•[ 

*•  I  found,"  saj's  Dr.  Wagner,  *'  from  the  reseanlu^s  of  Mitscherlich,  c^iiuutiiJ 
to  the  Philosophical  Faculty  of  tie  Univei-sity  of  Leipsig,  that  the  sxirouting  ort 
planting  of  the  cells  had  beim  actually  witnessed  under  the  microscope — that  a  j 
cell  had  been  observed  to  put  forth  little  colls»  which  gradually  grew  in  $ij5e. 
observations  had  been  made  with   barm   or   snpfrfieial   yeast,  and  I   wiahedj 
asc^^rtain  if  the  cells  of  the  bottom  yeast  or  sedimentfiry  ferment  were  prop 
the  same  maimer.   For  this  purpose  I  placed  a  &< alimentary  yeust-c*4l,  coot 
germ,  under  the  microscope  in  a  bath  of  concentrated  beer- worts.    The  temp 
Taricd  between  7'  to  IO^     The  cell  remained  unaltt;a"ed  for  some  time,  but 
theni  appeared  30  to  40  small  cella.     These  cells  were  either  separated  from  1 
motber^cell  by  the  bursting  of  the  cell  walls,  or  had  been  introduced  as  spavsal 
the  fit^'ld  of  the  microscope  in  the  beer-wortj^ ;  which  was  the  true  ca;se  the  mic 
could  not  reveal,  for  no  separated  spawn  wer©  visible.     An  anttlyaia  ot'^i 
yeasts  gave : — 

Biinn,  Sedimentary  Yettol 

Carbon      ,      .,      ..         44*37  49  76 

Hydrogen        6*04  (»*8o 

Nitrogen  ..      •.      ..      ..       ..      *,  9*20  ^'ij 

OxygeDi  8u1phur,  and  ash    . .     . .         403S  34*26 

**  The  harm  contained  2*5  pet  cent.,  the  sedimentaiy  yeast  5*29  per  cent*  of  t 
The  iiniount  of  sulphur  was  0*5  to  08  per  cent.     The  ash  oonaiated  easecittanj  I 
ptttsh,  phiisphoric  acid,  silica,  and  magnesia." 
jtcconling  to  the  recent  researches  of  Liebig,  Pasteur,  Lemaire,  and 
^  fermentation  is  essentially  diie  to  the  formation  of  yeaat-t^ll*.  and 
at  of  organic  jubshinc(?8.     There  are  two  cases  to  he  oonsidored. 
botanical    names,  HarcharomyfeB   Cfyrcvisitn,    or   llttrminrittm 
at  of  the  fungi,  PaiicilUum  yAirio«m,  Anttophora  J/wcw/o,  A.  tifi 
I  hf/aliiHi,  the  spawn  of  which  ie  always  occuning  in  thfi  atmt>6phere,  i 
ith  a  pure  sugar  solution,  without  the  existence  of  protein  sub&t 
esenco  of  albuminous   substances.      The   latter  ease   ocours  also 
Ion  of  sugar  containing  an  albuminous  body  is  so  situat'©d  aa  to  be  ] 
»•  open  to  atmospheric  influence.    The  local  ferment  fioating  in  th®  1 

^t-spawn  finds  in  this  solution  a  ready  agent  for  its  extension.    Baf 
•  the  sugar  solution  is  mixed  with  the  yeasty  without  the  ] 
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fkroteio  8ub«tanee  as  food  or  nourishraont  for  the  cells,  tho  fermentation  if  aftep 
a  tiino  exhfttisted^  and  i^;  not  again  sot  up.  It  ia  for  a  similar  put^wso  that  during 
tin?  pff  M*»^ss  of  brewing  the  yt'w^t  cells  an?  fed  \i*itii  a  substance  fonntni  in  tho  germi- 
n^itino  of  barley,  Durin;^  this  germination  the  gluten  of  the  «eod  passes  over  into 
<Uiistai^'>,  of  ail  nutriment  that  upon  which  the  yeast  cells  flouriah  best. 

The  natiu'tj  of  the  yeast  Ct'll  i^  a  most  mterc^sting  question.  Is  it  more  nearly  allied  to 
tbo  luiiinal  or  to  the  vegetable  kingdom  ?  The  line  of  demarcation  is  not  always  defi- 
nite, yet  there  would  appear  pomc  iDteresting  analogies  that  should  not  bo  overlooked. 
••  Plants,"  says  Professor  Williamson,  **  build  up  complex  substances  from  simple. 
All  tho  ttjoHt  complex  snbistiinces  that  wo  can  get  are  made  in  tho  organisms  of 
j»lmta.  They  may  have  h^'on  tak<m  over  by  animals  from  plants,  but  they  are 
u  the  main  by  plants.  And  tho  chief  chemical  activity  of  animals  is 
,  >  opposite ;  they  lake  those  complex  substances  and  bre^ik  them  rfluwn, 

by  means  of  their  vital  functions,  to  the  simple  products  which  are  exhaled  and 
giv<5n  off  in  the  processes  of  animal  life.     Thereforoj  the  question  whether  the 
process  which  the  yeast  carries  on  is  a  synthetical  process — a  building  up — or  whether 
i  in  tlie  main  an  analytical  pTOcesa,  iB  certainly  one  of  the  most  important  which 
guide  us,    Frc»m  what  we  know  best  regarding  the  nature  of  tlio  yt^ast  cells,  tho 
which  we  know  they  take  in  large  quantities,  and  uptin  which  tht*y  thrive, 
I  certainly  extx^edingly  complex,  and  tho  products  which  they  give  otF  arc  excoed- 
|Iy  simple  in  comparison.    Tbtir  functions  are  in  the  main  (those  which  we  know 
my  rate)  analogous  to  those  which  take  place  in  animal  organisms,  and 
n*mote  from  those  which  take  place  in  vegetable  organisms.'* 
At'M  Tj;;  the  most  remarkable  decompositions  effected  with  the  aid  of  yeast  cells  are 
fl^irfti^  (b^^M-rilx-d  by  Liebig  in  a  recent  paper,  in  which  it  is  stated  that  yeast  cells  will 
'  ••  tartaric  acid,  malic  acid ,  and  nitric  add ;  the  latter  it  deprives  of  a  portion 
ygen,  converting  it  to  nitrous  acid. 

^  of  Al«>hoife  or    TJie  contlitioDB  of  alcoholic  fermentation  are  the  gt?n*»ml  conditions 

•  FtifcwtitatkMi,  of  the  vcgrtation  of  the  yeast  plant,  with  thedtHtinctioa  that  by  x-inous 
ntatioii  the  largest  amount  of  alt  oh  el  ia  obtained.     Tho  foUowing^  oonditions  mast 

illcd  when  alcoholic  fcnncntfttion  is  the  deflideratum : — 

iit  anufftuM  Mofution  of  tmjftr,  m  tbo  proportion  of  i  part  of  Kiigar  to  4  to  10  parts  of 

Tho  sugar  win  l*e  employed  on  grape  sugar,  dextrose,  or  leviUot*e,  which  i«  always 

fvrmenUtioa.  or  an  unfenneTitable  iugar,  cane  su^rnr,  or  sugar  of  milk,  may  be 

?fl   by   metins  of   an   utid  or   suitable    a^ont  into  fiTmeiititble  8ua:iir,     However 

I  Uie  prrjt'css  may  seem,  cane  sug-iir  is  alwaya  eon  verted  into  grope  sugar  before  fer- 

m  Bt'ttt  in.  * 

t  jfT^^enen  of  ffeasi^  or  $patm.    In  tho  first  case,  I  part  of  yeast  to  5  parts  erf  samr 

aent  to  effect  a  stronjr  fermentation.     If  Bpawn  only  is  prvsunt,  there  mast  2so 

nt  snbeFtances  upon  which  th©  spawn  may  feefl  or  develope — pr<jtein  substances, 

^..    ■  "ul,  humus  and  iilk.HlieR.      If   no  ferment  exists,  the  only  other  conditioii 

j-mcntatum  if*  fffnttd  in  by  exposure  to-^ 

ji/tcrcf  whit'h  intn»<liR'ea  the  Ix-f ore- mentioned  ferment  and  fumt^hea  life, 

f  ifiuH  it  hmfirratnrr^  the  liinit,H  of  which  are  5''  ar.d  30"  C,     As  a  rule  vinous  fermpn- 

is  effecte<i  between  9"*  arid  25^     Hie  lower  the  temptirature  tlie  longer  tho  tune 

for  the  ff^niientation  to  f-xibHide,  and  conversely.     At  30"  and  at  hin^ner  t«m|tera« 

in   vinous   fenrieiitation  eaKily  tf<J0H  over  into  butvric    acid   fennentfltion.     Tha 

rof  wines  is  bawd  on  a  praotie.*d  at^qaainianee  wilt.  Alcoholic  fennenlntion ;  but 

^  Itip  "Nvw  only  a  portion  of  i)»o  wiu^ar  of  the  must  go<^  over  int^j  alcobd  and  carbouio 

*<^.    Thr»  aleohcl  remains,  while  the  greater  part  of  tho  carlxmio  acid  e^api  s. 

If!  l-^r-br&wlpg  tlie  Mxh^rtant^  formin^^  aleohol  in  mn-^tlj  utarch,  psrl  of  which  goea  over 

I  Hto  uti fermentable    dextrine,  but  the   greater  inio   eaj^dly  fermentable  dextrose.     It  is 

*  '     '  T  he  \fOf'T  shall  hold  a  small  p<jrti«m  of  the  dcxtroae  uuebangcd  until  the  after- 
a  lower  temperature,  during'  which  much  of  the  carbonic  aqjuis  expelled* 

a  iidng  in  the  beer* 
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t  appears  that  the  riper  the  grape  the  more  sugar  it  contftins,  and  it  produces  a 
richer  in  alcohol,  so  that  the  grapes  are  never  gathere<l  until  perfectly  rij»e.  The 

tpee  of  the  white  vine  are  of  a  brown-yellow  when  rtiudy  for  gathering;;  for  wine, 
the  red  and  blue  grape  must  be  extremely  durk  before  the  seetl  will  sepai-ato 
the  fleshy  part  of  the  grape  sufficiently  for  wine-tajiking  puqsoses. 

The  grapiM*  are  NoinetiiUf^M  plucke<l,  unci  »ometime«  left  on  the  5t4dk.  The  sepitrfttlcm 
K  the  grfipe  from  the  stidk  i*t  etieuted  either  by  hand  or  by  tlie  nid  of  a  hunllc,  the 
HtomitrN  Wtwet^u  tho  bars  of  which  are  only  suflScieutly  wide  to  u<liiiit  of  the  p^wisage  of 
B^  r  by  a  woolca  or  bni.*a  trpllis-wctrk,  or  finally  with  a  larj/e  wrxwli^ii  fork  0*5  to 

D  '  f!  leaxtb.     The  Htalk  roiitams  much  tannic  acid,  and  it  is  tbi^ix-fore  netjeiwary 

Ih-iL  ...  L-.t,  jLTjippa  fthonld  Ite  thorouffhly  separated  before  pre^ure;  but  iu  m^me  catiea 
^h«'n  the  grape  oontaina  too  little  of  this  afiid,  a  few  staUu}  are  porpoeely  allowed  to 
IVffaaiu. 

•jj^f  of  the       After  the  grapes  are  etrippe<l  from  the  stalks,  they  are  placed  in  a 

and  sUiuiped  with  a  wooden  maul  or  pestle  to  express  tho  juice.     They  are 

ly  allowed  to  remain  for  Boiue  time,  and  afterwards  stibmitted  to  a  second 

og,  the  maceration  being  for  the  purpose  of  softening  the  skins  and  fleshy  part 

tho  grape.     The  whole  of  the  juice  and  grape-skins,  or  marc,  is  then  put  into  a 

with  perforated  sidc^,  through  which  the  must  trickles  into  the  fermentation  vat 

ie«th.     If  a  white  wine  ia  buing  (iperated  upon,  to  prevent  it  bf.^coraing  dringyy  as 

ti-rm  runs,  from  an  insufficient  supply  of  tannic  acid,  small  quantities  of  atalka 

|t«  odileti  from  time  to  time.     This  addition  renders  the  wine  more  easily  darifled 

bj  the  addition  of  white  of  egg  or  isinglaae  in  a  subsequent  stage  of  the  proeoss.  While 

vine  is  in  the  vat,  the  fermentation  is  allowed  to  proeoed,  and  the  slight  acidity 

ilkrated  reacts  upon  the  colouring  matter  and  aromatic  ccjnstituents  of  tho  grape, 

tt  being  taken  up  in  tho  alcohol  set  free. 

"be  wine-pn?t*ws  an?  of  very  various  constniction.  The  most  genera]  is  tho  beam-prssi, 
gtly  fM>n*»f  nicted  with  11  polo  1 2  to  16  raetn^*  in  k'tipftli,  and  four  to  six  oaken  cross  beama. 
■te  prw-ws  have  oonHi^brable  puwcr,  but  they  an*  tedious  t-o  work,  and  soon  get  dirtT* 
I  l*Tt'r*prCH«  i*  raoTv  f  fltoaiiiotiH,  and  ik  made  in  many  foi-ms,  the  preRsure  being  mostly  , 
la  beltm*  Thf  hnrdle-  or  sledjEre-prfsa  is  of  the  rridf*8t  kind,  consisting  nacTBly  of 
piles  and  nnigh  h*  !ivy  stones.  The  best  prp94*es  are  the  screw-presses  mttde  of  wood 
out  iron.  100  parti*  of  grapes  yit4d  60  tti  70  parts  of  must.  The  ripest  irmpes  yield 
\  fifrt  J  nice  in  the  pre.*a ;  the  residts  of  tttT«»nj|fer  pressure  are  more  acid.  The  result  of 
f  li>t  presstijv  IN  termed  the  wine  or  the  first  wine :  then  eomes  the  press  wines ;  and 
lUj-  the  aft^^r  wines.  The  residue  or  maie  is  sometimes  treated  with  water  to  obtain 
infmor  wine, 

tiCkatriAiKAi  Mvvhine,  lu  iS62  Steiubeisi  of  Stuttgart,  with  tho  eo-o|ieration  of 
Inavourtd  to  express*  the  juice  of  the  grape  with  the  aid  of  the 
I  uachuu>  instead  of  the  presa.  They  were  enabled  in  ten  minutes  to 
W'es  the  juice  jjerfectly  from  loo  to  i>o  ])ouncls  of  grapes,  including  the  tirao 
[Uired  to  fill  and  empty  the  machine.  In  1869,  Ballard  and  Alexin  obtained 
iMly  sttceeesful  results,  some  of  which  were  made  comparatiT©  with  those  ob- 

by  a  good  press  :— 

Centrifugal  Machine,  Press. 

Must 79*Hi  77*086 

Eeaidne 20*214  i8'6o« 

Loss 0*645  4*3-3 


ioo*ooa  100 'ooo 

fiioii,^'*      Be«idea  the  stnlk  of  th©  grope,  thero  are  tlio  outside  skin,  the 
■  tho  seeds,  and  the  juice.     Of  the  composition  of  nil  these  substances,  with  the 
»pltoA  of  the  grape  juice,  our  knowledge  is  very  dehcient.    Besides  cjlluiose, 


2^  CHEMICAL  TECHNOLOGY, 

■Qie  stalks  cob  tain  much  tannic  acid,  and  an  acid  very  sour  to  tbi 
the  grape  coEtdUiiB  tho  colouring  matter  and  a  small  quantity  o 
seed  c^ntaiua  a  peculiar  acid,  oenantbic  acid,  and  an  other,  boai 
to  whit^h  the  bouquot  of  tho  wine  is  due. 

^^iirt'p^**^  **"  ^'^  ^'^^  grape  contains  more  sugar  than  any  < 
The  quiintity  of  sugar — a  mixture  of  dextrose  and  levulose— 
iz  per  ct^nt. ,  wMl43  it  is  sometimes  as  much  as  26  to  30  per  cent, 
acid  to  augur  m  in  g;ood  years  and  in  a  good  grape,  according  t 
in  average  years  and  cases,  1:16;  nd  when  tho  proportion  i 
gmpes  are  useless  for  the  production  of  wine.  The  proportion  b 
sugar  in  wine -must  from  tho  same  kind  of  grape  for  different  y< 
this  eminent  chetnti^t : — 

In  a  very  inferior  year,  1847,  as  i  :  12 
In  a  better  year,  1854,  „  1:16 

In  a  good  year,  1848,  „  i  :  24 

During  the  fermentation  of  the  must,  bitartrate  of  potash  is  ( 
this  source  most  of  the  tartar  of  commerco  is  obtained.  This 
dilute  fllcx>hol ;  coaeequontly  as  the  sugar  changes  into  alcohol 
It  m  from  the  fut't  of  containing  tartaric  acid,  which,  by  c-on 
insoluble  eialt,  is  thus  prevented  exerting  an  unfavourable  influen 
grapes  possess  so  much  the  property  in  proportion  to  other  fruit 
wine.  The  mnlic  and  citric  acids  contained  in  currants  and  goo 
withdrawn  in  this  timnner  :  hence  the  addition  of  sugar  to  win 
&uits  to  vt'il  tho  nci  Jity ;  the  addition,  however,  giving  rise  to  the 
fermentatiim,  and  coasequont  acidity.  According  to  Al.  Classen,  i 
gav«  (in  1 863}  577  t<)  688  gnns.  of  juice ;  and  i  litre  of  juic«  con 

Water 860  to  830 

Sugar  [dextrose  and  levulose)  ..      ..     150  „  300 
Pectin »    gums,   extractive   matter, ") 

Protein  substances,  organic  acids,  >       30  ,,     20 
and  mineral  matters J 

1040  to  1 1 50 
looo  parta  of  juico  of  ripe  (Ehino,  1868)  grapes  contained : — 

I.  2. 

Solid  matter 164*4  1^97 

Sugar      I49'9  162*4 

Froe  acid 7*2  6*8 

Ash 2*7  3-0 

In  100  parts  of  tho  ash  were  contained : — 

I.  2. 

Phoephoric  acid       ..      ..     16*6  i6*i 

Potash       64*2  66*3 

Magnma 47  ^'^ 


uer  (i86S)  analysed  two  kinds  of  gmpea,  and  fountl— 


Pree  aoid , 

Albuminous  substances  . . 
Mitjural  roQstitueiitd  f potash,  \ 

phosphoric  add,  &c.) .  .      ,.  \ 
Oouibiat^d   or^jnTiic  acids  and  Ij^ 

extractive  matter        . .      , .  j 


m 


Total  of  soluble  constituents 

Water       ,         76*7^ 


i8-o6 

Stciiibtrger 
24'24 

042 

0-22 

0*43 
0-18 

\       0'47 

OH5 

;  4-.. 

3'9a 

23*28 

76'7a 

29-22 

7078 

I 

■  lOO'OO  lOO'OO 

HgMcrtii*  tj^Q  fermentation  of  the  grape  juice  is  spontanoous;  that  is,  it 
uent  upon  the  exposure  of  the  grape  juice  to  the  atmosphero,  without  the 
of  jtmst*  The  albunainoua  matter  of  the  mmjt  fortnf*,  iiu<ier  the  intluenco 
kio9pheric  gpawn  or  y^east  germ,  the  well-known  fun ^s  PfHicihum  gfaucum^ 
30U3,  The  fermentation  begins  at  a  temperature  of  10"  to  1 5",  and  is  effected 
ads  rapidly  according  to  the  temperature*     Tot)  low  a  t^'njperature  will 

fe^ogrc►s3  of  formentation,  as  als^o  will  the  adcEtion  of  siilpburoua  aeid; 
cct  ia  obtained  by  the  addition  of  other  sulphur  conipounds,  as,  for 
the  essential  oil  of  mustard,  which  contains  sulphocyanide  of  ally  I.  The 
It  in  open  vats ;  bubbles  of  carbonic  acid  soon  appear,  scum  collects  upon  the 
f  the  juice,  and  an  alcoholic  odour  periadea  the  wine  at  this  8fag;e.  Alwut 
(th  day  the  ferra^ntation  commences  to  decrease,  and  about  the  ti-nth  or 
h  day  the  fluid  begins  to  clear,  no  more  carbonic  acid  or  scum  appearing. 
t  cells  formed  are  carefully  remoTod  from  the  bottom  of  the  vessel,  and  the 
3pio  casks,  where  it  undergoes  a  slight  after- fermentuti on.  If  there  be 
B contained  in  the  grape,  and  a  small  quantity  of  azotised  matter,  the 
Nntto  will  be  sweet ;  but  if  the  proportion  of  sugar  be  small  and  albumen 
try  wine  is  the  result. 

wTh/*^*"^  After  the  principal  fermentation  the  greater  part  of  the  sugar 
\8i  is  found  to  bo  separated  into  alcohol  and  carbonic  acid.     There  is  stUl 

te,  unless  the  temperature  be  considerably  decrea**;d,  a  fresh  fermenta- 
as  the  after- fermentation,  Should  this  aftcr-fermontation  continue  too 
^gar  is  formed,  and  to  prevent  this,  the  wine,  after  the  disappeai'ance  of  the 
if  carbonic  acid  upon  the  conclusion  of  the  principal  fermentation,  ia  at 
igotted  off  "  from  the  lees  into  casks,  the  object  being  to  cut  off  communioa- 
the  atmosphere  as  much  aa  possible.  The  casks  are  nearly  filled,  and  are 
►osely,  being  filled  completely  n  day  or  two  after.  Wines  casked  in  IU*cem- 
iften  continue  fermenting  till  February  or  March.  Strong  wines  rich  in 
kn  be  kept  in  cask  untit  they  have  become  quite  clear ;  but  weak  wines 
oou  bottled,  as  the  oxygen  of  the  air  is  liable  to  convert  the  hydrate  of  the 
iforl  or  alcohol  into  trioxide  of  acetyl  or  vinegar. 

HlhM.       Constituents  that  were  not  found  in  the  must  are  characteristic  of 

rEjio  chief  of  these  is  alcohol.     Succinic  acid  and  glycerine,  the  constant 

with  alcohol  and  carbonic  acid  of  vinoui*  fermentation,  are  also  to  be  found. 

wine,  such  as  the  French  nnd  Rhenish  wines,  is  one  in  which  all  the  sugar 

omposed;  a  *'  sweet**  wine,  on  the  other  hand,  is  one  in  which  some 

aed  undeoompoeed  either  from  an  insufficiency  of  albuminous  mattec 
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to  Bouriah  the  yea«t  cells,  or  from  tb€>  chocking  of  the  fGrmentation  by 
Imw  temperature.  A  very  sweet  and  thickly  fiiiid  wine  is  tt?rm«d  a  **  liqneur. 
diffeit*ijce  in  colour  is  due  to  thrt'o  sul^etaures— a  blue  colouring  matter,  n  ' 
colouring  matter,  uiid  tartiirie  acid.  Tho  brown  coluitring  matter  ia  prpseut 
light  or  white  -wines,  while  the  blue  eolonniig  matter,  found  in  the  9kini»  of  jiuj 
black  grapes,  is  in  the  wine  a  red  colour,  tho  change  arising  fium  the  contad 
the  tartaric  acid.  Wines  of  the  first  year  after  growth  are  termed  new  or 
winea*    The  average  composition  of  wines ^  in  looo  parts,  ifi  the  fc^Uowing  :-• 

Wat^r      . . *     900—591 

Aleohol*   . ,      . ,      , ,      . ,      , .      . .      , ,      . .      , »      . .      , .       So— 70 
Homulogiipa  of  dcohol  fpropylic,  butylio  aleohyl)*       ,  A 

Ethers  (tw;etic,  cunmithic)* , 

£»8i;iitial  oib  . . , .     . .     , 

Grape  eugar  (dejttroBe  and  levulos©)  . .     » , 

Glycerine*       . .     . .      . .     . , 

Gums '    , 

Pectin       _      ., , 

Colouring  and  fatty  sulMtanoes 

Pr<jt€*iu  bodies         » .      . »      . .      . ,      ■■>   20 — 30 

Carljonio  aokl* 

Tfirturio  «nd  racemic  acids  . ,  . .      , ,     ,,     . .     . 

Malic  acid       . .     * 

Tannic  acid     

Acetic  arid^ ,     . .     , .     . .     . 

Lactic  acid  (?)♦       .. , 

Succinic  acid*  , 

Inorgnuic  wilts        , ,      , .      

Tlioflc  «ub«taiicaj  marked  (*)  are  formed  during  the  piincipal  fermt«ntatj 

The  quantify  of  alcohol  contained  in  a  Tsdne  is  due  partly  to  the  quantity  of  i 
partly  to  the  quantity  of  albinRiiifjii»  matter  contained  in  the  mnitt.  It  i^  *>iHflT 
or  oyihnary  alcohol  Tlie  wpftific  weight  of  tlie  wine  givBB  only  v.\ 
alcoholic  con  ten  fc« ;  a  bett-er  methml  of  e«tin»ation  i»  by  mcana  of  an  nh 
these  inrttnunentft^  Gt4«sler'fi  Vaporimetcr  is^  perhaps,  one  of  the  In 
pressure  Lxerted  by  the  vaptmr  of  the  wine  upon  a  column  of  mercnry 
of  the  alcohol  contained-  The  vii|>our  of  absolute  alcohol  at  ti  tcnn 
exerts  a  tcui*ion  wjuul  to  that  exerted  by  aqueous  vapour  at  loo*.  It 
necee».*ury  \<>  ft«crtain  the  height  of  the  column  of  mercury  and  tlir 
arrive  at  the  quimtity  of  alcohoL  The  opp&ratus  is  shown  in  Fij/.  22i>» 
eusentially  of  four  parta^  viz.— i.  A  bra«8  veaael,  a,  half-fillwi  with  wuler*  hu 
meanti  of  tlio  lamp  to  tho  boiUug  point,  2.  A  bent  glatm  tul'c,  n,  to  which  a  wxW 
is  fixed.  3.  A  cylludrical  glui^w  vey^4,  o,  filled  with  mercnry  iind  the  wine  to  be] 
^  \  ,,,  i;...i. ,  .4  It  ot  bmss^  in  tho  upper  part  of  which  a  tfit^'" 
ghi  It-d  with  mercury  to  the  mark,  a,  and  thti  ia 

Uijii  Tin   Im tiling- vessel  is  now  affixed,  the  hri 

ffltr  ^r-nuometer  iniwrtcd.     Heat  ia  appbtd,  iUid  thr  wiitrr  1 

rpuni  a«oenils  into  the   htiiss   cylinder,  and  h»*nt»  the 
t    of  water*     Tho  wine  expands,  and  n*    p 
fin,  n,  which  buM  bt^n  previuii>ily  gmduatf - 

.. ;  contt?ntH;  the  xac rinir>- of  cuun^^  ri^ts  i\\> 

\Ui\\\vii   III   the    wine.     Tlie   variable   conf*titur^t*»   ^ 
..:  ,  fill  nnt  influence  the  residt.     The  earlx^aic  aeitl 

ly:  the  wine  through  freshly-humt  lime.     i>^ii«Jly 
ver,  to   be   obtained    by  the   dii^tiilittion    t*>**t,   ^i 
'    Hiding  to  the  di  *""   '        '"' 
tiuid  giving  tin 
loyvd  ii*  the  >;/.>-    ^       ,.       :    i 
I  toils  at  -f  100",  and  iih'ohoJ  at  -\-  7*^-3    %X  \ 
M\i\  tested  approaches  78*3',  tlie  jrr^nTrr  '" 
1 1  r3  uiUi  the  vessel,  c,  and  the  cover,  4i  a.  > 
up,  L,  and  tho  steam  asccndfl  round  tlu 
fiit'h  wliuTi  the  fltiid  XkAIs  van  cm  inverwi'ly  ti>  t ;  -  w  r^hd 
v»>M*3cb  H  m\  id  tilled  with  cold  water  to  hapten  the  < 
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oaoo  of  red  winen  only,  as  theyeUow-brown  ooloiir  of  some  winea  i»  tmdottbtedl j i_ 
oxidbed  extractive  matter.     Tne  oolouring^  nuitter  of  rod  wines  lias  roceiTod  fruxti  Mtii 
and  MaumPDiS  the  name  of  oenocjon,  while  it  is  commonly  tunned  ititte^htur,  it  im  a  bli 
subatance  himilnr  to  litmuBf  poflfiosttiDg  the  property  of    tumin|f  ri  '  '      irc^eaiCt^ 

acids.     It  is  inj^tiluble  in  water^  alcoha!,  ether,  olive  oiJ,  and  oil  of  tux  ul  folu 

in  aJoohol  containing  anuiil  quantitifia  of  tartaric  or  acetic  acid,  M  .:..  -  ..„  v  of  aeill 
add  the  solation  is  pmctically  blne^  turning  rod  upon  the  addition  of  moiv  utd 
neatraliBcd  with  alkauoa  tho  solution  rematna  blue.  On  the  evaporation  of  a  vdm\ 
diyneas  the  extractive  matter  remains,  coiuiifiting  of  a  mixture  of  non-v*  i  til 

Balt«  of   organio   iind    inorgfinio  acids,  with  otmanthin,  eolonring  ma  tic  i,  m 

tabstaiuies,  and  extnictivo  mitter,  tliu  nature  of   whieli  is  unknown.      I  in  4ii.h;ujJ 
(cxtractire  mutter  dilfors  j^iitly,  vary  in ji:  ivith  the  kind  of  wine  and  the  dejjjr^c  of  frfsv 
tfttion.  of  the  sugxLT.     Frc'^'niuii  f  juud  in  Rhine  wines  u  maximum  of  10*6,  and  n  iTirumiiia 
of  4'2  per  cent,  of  cxtriKtives ;  Mschern,  in  the  wlnea  of  the  Palatmate,  107 
oent. ;  in  Bohmniun  witiea,  2  26 ;  in  Austrian,  2*64 :  in  Hunf^anan,  2 '62  prr 
minecral  constituent h  of  wine*  cxj«t    in    hut    simiU    qiuintitjefl — as   an  awr 
Madeira  to  025  i>er  ctmt, ;  in  old  lilduo  wine*i,  012  per  c«?nt. ;  and  in  old  port^- 
oent.    Van  Gockom,  Veltmann,  and  Mosmann  found  in  1000  parts  of  wine  ;— 

Madeira, , .  2*55  partu  of  ash. 

Teaeriffe ,  ,.  x^l      n        f, 

Rhine  wine       .,      ,*  ,,  1*93      ^1        „ 

Port ..*  2-35      H         „ 

Pohl  estimated  the  foUowing  number  of  parts  of  aeh  in  100  parte  of  wine  j— 
Boheiniau      ..      ,,     1-97  parta.  Slavonian       ,     ,.     1-91  partfv 

Croatian        ..      .,      1*68     „  8tj-nan 1-63     1, 

CVunioIa         ,.      .,     rSi     ,^  Tyrol 184    „ 

Lower  Austrian   ♦,     2*00    „  Hungarian  .,      ,,     iSo    »» 

The  ash  «jontainH  p^tasli,  lime^,  magnesia,  soda,  sulphuric  acid,  and  phopphorio 
The  "  llundwtirteibuch  der  Reineu  und  Angewandten  Chemic'*  (B.  ix.,  S<Lit«  ' 
the   fi>lluwing  aualyscd   of   wino-aab,  tho  firat  four   being  by  Cra$»)«Of  and 
Bous^ngault  ;-- 

I.  2.  3*  4^  5 

Aah  (per  cent) 0*26  0*34  0*41  0*29  o  tS 

Potash        ..      ..  65*5 

Soda ,      , 0*3 

Lime   . .      ^ 5*2 

JlianjLmeiiia » ,        3*3 

Oxide  uf  iron   ,.      ..      ,,      ,,       0.7 
Oxide  of  muuganese       , ,      , ,       o*S 

Phosphoric  acid       , ,      . ,      . ,  1 5  '4 
Sulphuric  acid  , .      . ,      , ,     , .       5*2 

Silica  . .      . .      , ,      2"0 

Chloride  of  potaasium    . .     . .       1*5 

Carbonic  acid —  —  —  —  '3*3  3 


63*9 

7»3 

62*0 

4foi 

04 

1-3 

2-6 

— 

3-4 

3'4 

51 

^\ 

47 

4-0 

4t> 

0-4 

01 

0'4 

\ 

07 

01 

o'3 

— 

16-6 

141 

170 

in^ 

5^5 

36 

4^ 

5^ 

ri 

1'2 

2^ 

v$ 

2*1 

10 

'■5 

loo'o         1000         1000         ioo*o 

The  bouquet  of  wines  or  their  pee^uliar  odour  is  due  to  oMianthie  cth»  t 

he  alcohol.  According  to  C.  Neubauej  (**  Cheroiedea  Weinea ; '^' 

hia  (snauthio  ether  m  a  combination  of  various  t^ubi^taueefi,  of  ^^ 

icid  ethers  are  the  mo>,t  importHimt,  and  is  a  product  gf    ' 
\  During  the  ferTneut^itiou  of  the  nugar  there  are  formed,  In 
and  but V be  alcohohi,  und  succinio  aeid  aa  a  oonstiint  pr- 
fffape  there  occur  tartaric,  malic,  and  raoemio  acids;   tt 
butyric  ueids,  and  the  aldehydes  *if  these  acida,  together  \ 

gnipe  (oleic  and  pabnitic  adi«u  cannot  but  greatly  in^ueuod  the  U^uquvt  ut  tktt 
which  of  course  wi)!  vary  aooording  to  the  proportion  of  these  conetituenta* 

M»i*dir.ofwio«        Wines   are  subject  to   Tarious   causes   of  deterioration,  ll 
lios,  difttempers,  or  diseases.      That  most  coaimonly  occurriiig  is  rvpin 
liCy,  tho  cause  of  which  was  for  a  long  time  ud known*    Francois  ahowtsd  ll 
t  due  to  the  degompoBition  of  tho  glucose  in^  assotiaed  matter  luid 
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f »•  «lfB»  time  indicated  the  proper  remedy,  the  oddition  of  tannic  acid.     He 

ays  15  grms.  of  tunnin  to  230  litres  of  ^"ine.   Thia  id  well  mixed  with  the  wine, 

ie  uJlowed  to  etaud  fc»r  a  few  t^laya.     At  tlie  end  of  this  time  the  tannin  will 

\  tjieparuted  the  aiotiacd  mutter,  and  the  wino  iiiiiy  be  hottltd  off. 

be  Mfmring  of  wine  is  due  to  the  ronvei-sioo  of  the  alcohol  into  acetic  acid,  caused, 

ti^  to  Pttsteiir,  liy  the  f«.>rinatioQ  of  the  vinegar  plant  or  Aft/todmna  acrtit 

he  found  in  id!  sour  winea.     Thija  didease  is  very  common,  and  may  result 

too  small  a  pi'oportirm  of  alcohol,  too  high  a  temperature  of  the  cellars,  or 

to  the  atmosphere.     The  wine,  if  too  far  eotin-nl,  is  fit  only  for  making 

but  slight  €a«e.i  can  he  remedied  by  an  addition  of  sugar.     The  formatioa 

liegar  may  be  somewhat  tlelayed  by  impregnating  the  wine  with  eulphuroua 

In  some  ca&os  the  act*tic  acid  may»  by  the  addition  of  tartaric  acid,  be  removed 

f>tic  ether ;  but  the  acetic  acid  can  never  be  neutralised  with  alkalies,  as  the 

» funned  are  verj'  easily  srduble, 

Ste  hi  tering  of  wino,  or  its  acquirc^ment  of  a  bitter  flavour,  is  duo  to  another 
10,  the  formation  of  a  bitter  sul»stance»  which  developes  as  the  wine  ages,  or  at 
I  liiy;h  a  t^jmperature.  Maumene  suggests  as  a  remedy  the  adtlition  of  slaked 
I  in  the  proportion  of  0-23  to  0*50  grm.  per  litre.  Bittenng  is  duo  ahio  to  tho 
nation  of  brown  aldehyde  reain.  Mould  in  wines  apjHjMrs  as  a  white  vegetabi© 
l?iLs:)  film  covering  the  j>iurfare,  and  arises  from  an  insufficiency  of  alcohol ; 
OuaMjUfutly  woak  wines  are  more  subject  to  thia  mnludy.  The  film  of  mould 
totild  K'  removed  and  the  wine  mod  ad  soon  as  possible,  for  wine  affected  with 
hji  di^siso  soon  turns  sour.  The  decay imj  of  a  wine  is  due  to  tho  dissipation  of 
raleohol  and  the  decompoBition  of  the  acids  of  tho  wine;  the  wine  obtiiins  an 
agent  taste,  and  a  tbm,  thick  colour,  finally  turning  sour.  The  bitartnito  of 
is  converted  into  curboimle  of  potash,  affecting  the  colouring  matter  and 
acid,  which  pass  over  into  humus  substances*  At  the  commencement  of 
(U'CA  in  position  a  remedy  may  be  found  in  the  aJdititin  «d'  u  i>mall  quantity  of 
buric  ether.  CaskincsB,  or  the  taste  of  the  cask,  due  to  an  esauntial  oil  fonnetl 
i  that  have  long  stood  empty,  is  l>est  removed  by  the  addition  to  the  wine  of 
i  quantity  of  olive  oil  and  agitation;  the  olive  oil  absorbs  the  essential  oil, 
tbringri  it  to  the  surface  of  the  wine,  whence  the  oily  matter  may  be  skimmed,  or 
ue  may  Iw  filten^l  through  freshly  burnt  charcoal.  All  casks  and  vessels  that 
I  stood  long  empty  should  bo  well  sti^araeil  bef<>ro  use. 

The   Pa!*teuring,   a  term   which  usage  has  substitutod  for 

isiition,  or  tho  conservation  and  artificial  ageing  of  wines,  according  to 

r*s  method,  is  a  great  improvement  in  the  general  treatment  of  wines  to 

I  thcftr  keeping.     It  consists  essentially  in  heating  the  wme  to  60°  C,  and  for 

purpose  the  apparatus  designed  by  Rossigtiol  is  best  suitcnh     A  metal  cask,  T, 

I  ijo,  t'ontuios  at  thw  lK)ttom  a  copper  vessel,  c,  with  a  trumpet -shaped  cover 

ding  in  the  open  tube,  c,  above  the  top  of  the  vessel,  t.     t  in  a  thermometer. 

'  is  potired  into  the  vessel,  c,  until  the  tube,  c,  is  three  parta  fiilL    The  wino 

in  the  metal  cask,  T,  and  by  means  of  the  tap,  r,  and  the  tube,  /,  run  otf 

be  ciisk»  F,  when  sufficiently  bi^ated.     The  water  in  the  copper  vessel,  c,  is  mn- 

1  to  prevent  the  dii^ct  heating  by  the  flamo  of  the  vessel  containing  the  wine, 

he  consequent  burning  of  any  insoluble  matter  settling  to  the  bottom  of  the 

i»    Fig.  231  sho^*s  in  detail  the  manner  of  fastening  the  vessels  togf>ther.     A 

r  ring*  a,  encircles  tho  vessel,  T,  and  beds  with  the  walls  of  this  vessel  into  tho 
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'      Most  wiiiG«  are  aelf-clearing,  the  ferment  aottlmg  to  the  Itottom 

and  loavin/Tj  the  wino  clear  and  pure.     This  appLias  ohiofly  to  dry  winea 

re  lo^s  suj^ar  than  awotst  ivmea.      The  ewtjet  wino-*  arc  generally  more 

lid  on  iiecoiint  of  the  quantity  of  sugar  they  contain,  and  cons^Bquently 

ontly  uped  cltjaring.      Fining,  fu>  it  is  somctimo^  t%illud»  or  cloaring, 

I  adding  to  th<i  maddy  wino  some  albuminona  or  siniiLir  «ubatance  that  will 

pthe  siaspendod  matter  and  cairy  it  to  the  brittom  or  brin^  it  to  the  »ux- 

I  wino.     Tho  substances  most  gonorally  omployc-d  aro  white  of  egg,  ox- 

tnilk,  or  misitnros  of  thcao  enhatanL'^is,     lamm^,  or  tho  adilition  of 

I  for  the  purpose  of  heightening  tho  colour,  ehii^fly  of  red  wines :  finther, 

I  the  ^lubie  potoj^h  aalts  of  tho  wine  into  insoluble  lime-salts  and  Bulphtite 


|orWiMt«     The  wBiite  of  wine-nuiking  oonsdnt*  of  the  stcmft,  hnHkg^  and  seed^  of 

mkintt     t],p  ^Tapc»s,  as  well  as  of  the  fermeiitary  sediuient  and  tartar.      Both 

llicma  of  wa^tf  liiid  iiumoroim  applications.     The-  lees  loft  from  thct  pn.*8J*iii;r  of  the 

Pfitr^n  u  not  nnimjiortant  quantity  of  must,  which  (i)  i«  *?rjipIoyfti  in  preparing  on 

r  wino.     2.  In  the  makiug-  of  an  inferior  bmnd^'.     3.  In  tin?  preparation  of  ver- 

{bt**    p,    5S),      4.    In    Trinegar    makings   and    for    promoting   the   formation  of 

^acchnrine  or  alcoholic  Huidfi.     5.  In  wine-making  countries  the  lees  are 

i   as  fodder  for  horsea,  mules,  and  sheep.     Wlillo  (6)  the  residue  of  the 

If  final  presHing  is  u«ed  as   manure.     7,  Tlie  pn*ape  }*eed  yiekU  an  oil 

10  to  i£  per  rent, ;  or  (8)  tannic  acid  ijj  large  qiiautitieM.     The  oU  can  be 

,  n/KNure  uT  by  treatment  with  benxole,  or  with  fiulphide  of  carbon.    The 

!  (ran  be  employr^d  for  the  preservation  of  hides,  &c.     9.  Potaah  in  prepared 

ned  lees.      lo.   The  stallcM  and  seed^s    when    cahriiitHl    arc    employed    in 

Ipyjratiuu  of  a  Mack  colouring  material  (vine  black),     u.  TtiC  ferment  and  titalka 

pome  winc'-priHlaeing  countriesp  be8i(l*?s  being  employed  in  tlie  pr*?pnration  of  tartar 

'*  -   "^      .1^,,  u*e<l  in  the  distiUation  of    a  peculiarly  rich  brandy,  in  which  an  oil 

lii^  highly  the  flavour  of  cognac,  and  known  In  commeree  a»  T^^iue  oil, 

V  ,if  mrtre,      12.  Crude  tartar  is  found  with  tartrate  of  lime,  eolouring 

-t,  forming  a  more  or  \o?^  thick  cniHi  on  tlie  walls  of  the  wuib  ejisk  or  in 

\Um\  iti  the  wine,  but  not  firmly  attache*!  to  the  vessel,  and  is  the  ohlel 

pharmaceutical  bi tartrate  of  potash  (C^lijKOJ,  and  tArtaric  acid. 

rin»».  Effervescing  wines  have  boeu  known  for  many  centuries.  Some  of 
^^s  paintings  exhibit  among  tho  accessories,  a  champagne  glass  with 
:  wino.    And  from  Virgil — 

**  Uh  impiger  huuaii^ 
Spitmafdetn  jtatcrajn—^^ 
le^r  that  this  description  of  wine  was  known  to  the  Eomans,     In  1870, 
in  Gomiany  fifty  pro4lwcer8  of  effen'-escing  wines,  with  a  production 
t  millions  of  bottles,  i{  millions  of  which  wero  exported.     In  France  the 
rlion  amounts  yearly  to  16  to  38  millions  of  bottjes. 

iriues  are  capable  of  being  i>rodnced  as  effervescing  wines  if  bottled  before  the 
tlation  is  over.  By  bottling  at  this  period  the  carbonic  acid  is  retained  in  tlie 
ixul  when  the  bottle  ib  opened  tho  ilisengagt^ment  of  this  gas  causes  the  appear^ 
r  effervesce  nee.  In  this  country  the  etlerve^cing  wine  njost  generally  known 
npagne ;  but  Hocks,  Moselles,  and  even  red  wines  ai-e  very  ndmirftble  when 
\wt^d.  If  the  wines  contain  much  sugar,  the  fermentation  is  ariT-sted  in  the 
before  all  tho  sugar  is  consumed,  producing  a  sweet  eirerveacing  wine.  On 
\mt  hand,  if  the  migar  is  all  exhaiistc*d  in  producing  the  w*rbonio  acid, 
Hilt  ifi  a  dry  effervescing  wine.  These  winea  are  very  agreeabb^  to  the 
and  may  l»e  mipposed  to  assist  the  digestion  of  the  food  with  w^hieh  they 
icn ;  but  when  new,  they  are  dangerous  as  being  likely  t*j  communit'ate  their 
f  change  to  the  eontenta  of  the  Btomach,  interfering  seriously  with  digestioni 
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and  prcMlucing  wliat  m  well  koown  aa  **  acidltj/*  Dry  effanrdOCiQg  wme^i 
likely  to  diea^P^t'O  than  sweet  wicos  of  this  olasB  containing  much  8ii| 
formcntablo  matter.  The  connoisseur  pLioen  great  roliance  in  his  judgni 
chamj>agiie  \ipon  the  loudness,  or  rather  sharpness,  of  the  report  when  \ 
ia  drawn,  and  upon  the  '*  bead  "  or  bubble  formed  on  the  side  of  tho  ^Iftua  1*3^ 
bonic  acid  ga^i.  Tbeso  effects  are  not  pn^portionato,  for  while  a  loud  repaid 
from  an  extended  f(*rniontatioii,  a  good  bead  may  be  obtained  with  a  Tery  '^ 
mentation.  The  g:a8  in  a  bottle  of  champagne  exerts  a  prolan  re  of  el 
atmospheres,  and  it  w^ill  at  once  be  eyidpt  that  if  the  bottle  be  inad^l 
smaller,  reducing  tho  space  between  tho  cork  and  the  wine  only  i 
a  considerablo  increase  in  loudness  of  the  report  will  ensues 

The  process  of  nianufa<'turing  offerrescing  wines  is  in  general  the  foil 
best  grapes  firo  used  for  this  purpose;  for  champagne,  the  black  grape,  calle 
Frent'h  noirien,  is  enipb>y<jd.  The  juice  is  expressed  from  tho  gr4p« ' 
after  gjitbeiing  as  possible,  in  order  to  prevent  the  colouring  matter  of  ' 
affecting  the  wino  ;  while  thn  fruit  is  pressed  as  quickly  and  as  lightly  as  1 
The  juice*  from  tho  second  and  third  pressings  is  re»ervi>d  for  inferior,  or  ra 
effervescing  win*}^.  Tho  expressed  juice  is  immediately  poured  into  tuna 
where  it  is  loft  to  stand  for  twenty-foiir  to  tliirty-six  hom*8.  In  this  time  mi 
matter  or  vegetable  impurities  will  have  settled,  and  tho  Juice  is  ready  to  1 
forrod  to  tho  fermenting  vutn,  where  it  remains  for  about  fifteen  days.  It  is  i 
into  cask^,  which  are  securely  bunged  ;  sometimes  brandy  is  added  in  the  pfi 
of  one  bottle  to  on*j  hundred  bottles  of  juice  or  must.  Towards  the  end  of  D^ 
the  wine  is  fined  writh  isinglass,  and  a  fiecond  time  in  the  enauing  Februaryi 
the  beginning  of  April  the  clear  wine  is  fit  for  bottling.  It  now  contains,  i 
wine,  1 6  to  iS  grms»  of  sugtir,  ii  to  la  per  cent,  of  tho  volume  of  aloobolpa 
and  an  equivalent  to  3  to  5  grms.  of  sulphuric  acid  in  free  acids.  1 

Great  care  is  nocesBarj'  in  the  m^anufacture  of  champajrne  bottles;  they  1 
free  from  flaws,  and  made  of  pure  materials.  Genomlly  each  bottle  is  fro| 
goo  gi-ms,  in  weight,  and  equal  in  thicknoss  throughout.  Formerly  the  flawe| 
amounted  to  15  to  25  per  cent.j  but  recent  improvements  in  manufacture  hava 
the  percentage  to  10.  Before  the  wine  is  introduced,  the  bottle  ia  rmseJ 
liqueur  of  white  sugar-candy  150  kilos.,  wine  125  litres,  cognac  10  litres,  thfl 
being  allowed  to  remain  in  the  bottle :  according  to  F.  Mohr  the  CAue  6tigi| 
liqueur  becomes  converted  into  grape  sugar  in  the  champagne.  It  ia^ 
whether  glycerine  might  not  l>e  advantageously  substituted  fur  a  portion  of  d 
of  the  liqueur.  The  liqueur  employed  varies  with  the  flavour  of  tho  wim 
Madeira,  ossenco  of  muscatels,  cherry  water,  &Cm  ^^re  usiod,  but  randy  unxnil 
some  other  favourite  solution  of  the  nmnufacturer,  as,  for  juBtance,  water  ^ 
saturated  solution  of  alum  20  litres^  tai^taric  acid  solution  40  litres,  taumn  i 
80  litiB.^;.  About  2  litroH  of  this  mixture  would  in  practico  be  oilded  to  M 
wine.  The  bottles  are  filled  by  women,  the  proportion  of  liqueur  introduoi 
about  15  to  16  per  cent,  of  the  wine.  A  space  of  about  2  to  3  inches  is  left  1 
the  wine  and  the  cork,  which,  after  being  thoroughly  moistened,  is  next  insep 
machine.  The  bottle  ia  then  passed  to  a  man,  t*jrmed  iu  thcFrendi  establil 
the  iTKiiifochfr,  who  driven  the  cork  home  with  a  nuillet.  Another  process,  not 
J^ly  cftected  by  tho  aid  of  a  machine,  h  the  **  wiring,''  or  securing  the  eo| 
» or  string.  Tho  bc*ttl©s  are  now  conveyed  to  the  cellar,  where  they  nm 
^ontol  racks  against  the  wall.    In  about  eight  or  ten  days  a  deposit*^ 
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''grifie,"  18  formed,  and  shows  that  the  time  has  arrived  for  the  wine  to  he  transferred 

to  the  cellar,  where  it  is  to  remain  until  sold  to  the  merchant.   The  deposit  is  allowed 

to  form  during  the  summer,  and  in  the  ensuing  winter  means  are  taken  for  its 

lamoTal.  The  bottles  are  well  shaken,  and  placed  with  their  mouths  downwards,  to 

axue  the  deposit  to  settle  on  the  cork.     The  cork  being  romovod,  the  sediment  falls 

wt|  when  more  liqueur  is  added,  and  the  bottle  re-corked  and  again  wired.    The 

tofcOe  is  now  laid  upon  its  side  at  an  angle  of  about  20^,  and  in  about  eight  to  ten 

4|fi  the  inclination  is  gradually  increased  until  the  vertical  position  is  attained, 

:  l^bfio,  by  a  dexterous  movement  of  the  cork,  the  gas  is  permitted  to  force  out  the 

nnuuniog  sediment.     This  process  is  repeated  as  many  times  as  may  be  necessary, 

uitil  the  wine  is  perfectly  clear.   Wine  thus  prepared,  generally  known  as  sparkling 

vine,  vin,  mousseuxy  is  ready  for  the  consumer  at  the  end  of  18  to  30  months,  the  time 

-  tvying  with  the  temperature  of  the  season.     One  of  the  greatest  causes  of  loss  is 

ft*  banting  of  the  bottles,  sometimes  as  much  as  30  per  cent,  of  the  wine  being 

mted.    This  in  some  measure  accounts  for  the  deamess  of  these  wines. 

[     %the  analysis  of  several  sparkling  wines  (1867  ^^^  ^^7o)  the  following  results 

fiwro  obtained:— 

I.  2. 

Pcrmillc.  Pormillo. 

Free  acid 5*3oo        5*900 

Per  cent.    Per  cent. 

Alcohol        8*400        9*500 

Sugar 8*200        4*300 

Bxtractive  matter     ..    11 -600        7*500 
Specific  gravity  . .     ..     1*036        1*029 

I.  From  Chalons.    3  and  4.  From  Wirtzbnrg.    2.  From  the  aamo  place,  but  intended 
,  for  export  to  India ;  3  being  the  manufacture  of  J.  Oppman,  and  4  of  Silligmiiller,  both 
wril-known  German  firms.     5.  From  Sutaino  and  Co.,  of  Rheims.     6.  From  a  well -known 
Bhmish  firm,  glycerine  being  substituted  for  a  portion  of  the  sugar. 

'**w2ISi2t."'^*  ^®  worth  or  character  of  a  wine  is  determined  by  its  aroma 
i  tnd tile  amount  of  alcohol  and  free  acid  contained — decreasing  with  an  increase  of  the 
;  kttw,  and  increasing  with  increase  of  the  former.  The  proportion  between  tho 
diief  constituents  of  the  grape-juice,  sugar,  acid,  and  water,  is  nearly  equal  in  all 
good  wines,  and  this  proportion  is  never  accidental,  but  always  belongs  to  a  good 
viae.  The  grapes  not  fitted  for  making  good  wines  are  treated  in  two  ways :  either 
tbe  expressed  juic^  is  allowed  to  ferment  as  it  is,  in  which  case  an  inferior  wine  is 
obtained ;  or,  by  the  study  of  chemical  analyses  of  good  wines,  the  incomplete  con- 
itonents  are  supplied,  and  others  injurious  to  the  wine  removed,  to  make  the  must 
of  tiiat  quality  which  will  yield  a  good  wine.  The  following  are  tho  best  methods 
of  improving  the  must : — 

1.  The  addition  of  sugar  to  wine  poor  in  this  constituent,  and  the  neutralisation  of  an 
•Wen  of  acid  by  means  of  pulverised  marble  (Chaptal's  method). 

2.  The  addition  of  sugar  and  water  to  must  poor  in  sugar  and  rich  in  acid  (Gall's 
auihod.) 

3-  Repeatedly  fermenting  the  husks  with  sugar-water  (Petiot's  method.) 
4  Remoring  the  water  by  means  of  freezing,  or  by  treatment  with  gypsum* 
5*  Hemoving  the  acid  by  means  of  a  chemical  reaction. 
^.  Addition  of  alcohol  to  poor  wines. 

7-  Treating  the  prepared  wine  with  glycerine  (Schoele's  method). 

The  addition  of  sugar  to  must  poor  in  this  constituent  is  the  oldest  method  of  improve- 
■eat,  and  appears  to  have  been  known  to  tho  Greeks  and  Eomans.    At  that  time  cane 
27 


3- 
Per  mille. 

4. 
Per  mille. 

5. 
Per  mille. 

6. 
Per  mille. 

7*6oo 

7*8oo 

6-200 

5 -600 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

8*700 

8*400 

9-800 

8*400 

7*900 
10*300 

9*ioo 
i2*ooo 

7*500 
11*600 

5*400 
15*200 

1*039 

1-046 

1*039 

1*041 

I  no  longrer  worthy  the  nam«.     LifsHg  K?cominends  tLo  ase 
IfoT  thw  purpn-se,  as  bitartmto  of  pot^ish  is  formed,  which 
to  the  aidt^.-*  of  thf»  vej*f^l  or  bottle,     Tho  use  of  thU  n*^utrftl. 
l^i;  i  the  merit,  iiioreovert  of  not  injiirinur  the  flavour  aud  odour  of  the  wine* 

f^  <?An  be*  fmpli>yed  in  the  ciiaj?  of  wiu' 9  not  contaiuiriitf  acetic  ncid*     To  pre- 

r  of  lime,  slaked  lime  i*  diluk-tl  with  t«n  times  the  quantity  of  water,  to 
im»    This  croiiiu  L*  thinneti  with  siifttrient  water  to  obtain  a  milk  of  lime, 
ill  raiidy  is  dif**olved.     The  solution  Lh  loft  to  atand,  and  tlu  clcMrsupemalJifit 

K'l  uju  of  »ugar  of  lime — deeanted  t^i  mix  with  the  wine  an  requlrecL     ^\Tien 

'    '  with  tho  sug^r  of  lime  solution,  the  lime  forms  with  the  acid  of  tho 
It,  which  ij*  xjri'cipitatedi  while  the  sugar  remains  in  the  wine. 
Ar  I!  to  wine,  hardly  lieariiig'  upm  il^i  impioAX^ment,  but  effected  jia  a  means 

for  iu  jire«'rvat  iyu  durujtf  removal  or  expoi-tzition^  is  that  known  in  France  an  the  rifm^Ct 
*  eertnm  qiiantitv  of  brandy  Iwinj^r  mixed  with  the  preparetl  wine.  Tr^Tien  the  wine  is  to  be 
*3L|Hjrtrd  from  I' run ce,  the  law  pfnuit^  the  addition  of  5  litrea  of  brandy  to  each  hectfjk- 
litr*  \ji  wine,  provided  the  a)eoholic  eoutents  after  the  addition  do  not  exceed  21  per  cent. 
^i.f  ...  .  ,^.  ...,jts  have  proved  that  the  wine  delivered  to  private  consiimera  does  not  on  tho 
II V  ri  more  than  ro  t^)  11  per  eent.  of  alcndiol,  while  the  wirie  delivered  t^  retail 

Hn  T  6  to  17,  and  to  wholefiale  tirms  2t  to  24  per  cent.     To  prevent  thi«  fraudu- 

1»  I  :.  the  operation  of    vinaj^e  is  permitted  only  in  the  L)e|>artmetits  of   the 

F:  I  tales  A  ude,  Ilt-rauk,,  Gar<ie  B<  tuehe-^  du  Rhone,  and  Var^  immediAtely  under 

til  f  the  Uommiddon^rs  ap]>innted  to  thii^  dutv.     In  18^)5.  Schoele  introduced 

hi  11  proving  wine  by  the  addi t ion  of  yrl yoerine,  th e  ad< litii  m  bf  in ^  miide  a f ter  the 

liii:  : U...UOU  ha*  subdded.     The  Liuiita  of  the  additiou  lie  between  1  to  3  litres  of 

gljoenni]  to  t  hectolitre  of  wine.     But  the  expeiu»6  will  not  permit  of  extended  operations. 
t 

Beer  Brewing. 

ftw.  Boer  is  a  well-known  litjutir  obtuiiied  from  germinated  grain— chiefly  barley 
['•mi  wheat,  snmetimes  from  ry^e,  maize,  potatoes,  and  starch  eiig".ir — and  hopf*,  by 
j  mmins  of  n  yeaat  fermentatk>n,  but  without  distillrttion  of  any  kind.  It  contains  the 
[ccmstitneiifcs  of  tho  grain  employed,  wliich  constituents  by  decomposition  form 
|doxtn>se,  dextrine,  and  albuminous  sub^tancos,  alcohol,  carbonic  acid,  amall  quan^ 
^tim  of  succinic  add  and  glycerine,  organic  matter,  with  phosphates  of  the  alkalioa 
,  alkaline  eartbs,  besides  the  coustituents  of  the  hops. 
1-  "  -  the  iSf hetiky  or  pot  Iwcr,  h  brewed  in  the  winter,  and  th«  Lttprr,  or  t^tore^ 
uimtT*  The  winter  beer  is  brewed  during^  Octobtr  to  ApriU  when  the 
^_^  _      .f  the  thermometer  18  12"  to  t^".     A  j>nrt  of  the  beer  by  a  t-hort  storing  U 

'  aadc  for  winter  cnnsumption^  while  the  remainder  is  used  during  the  summer  moadis, 
volume  of  mult  gives  t>n  an  average  2*5  to  26  volumes  of  winter  beer. 
J  ^    „  „  „  2-0  to  2*1         „  summer  boer. 

Jkiaoiiie  of  the  North  Gormtin  States,  potato^sugar  and  eiyntp  are  n&uoh  employed  la  brew-  * 
^gV  Mnau^mkBa  snpplyiag  A  third  part  of  the  malt.     But  geaeraUy  t  owt.  of  the  malt  giyee — 

300  quarts  light  heer. 
200      „      double  beer. 
180       ,t       Bavarian  or  bock  beer, 

kof  bmt  Sftwia?,    The  materials  of  beer  browing  are : — i .  Grain,  or  amylaceoiia ' 
2.  Hops.     3.  A  ferment.    4,  Water, 
Tkt  Orniru — The  grain  selected  fur  this  purjio^e  ia  generally  barley,  as  containing 
f  pTup<>rtir>n  of  sugar  and  starch  l>e»t  adai>tod  to  form  til  ohoL    l^rany  aubstitutea 
>  boen  stigge^ted,  but  with  inferior  buccei^s.    In  Bavaria^  the  largo  dmihh  barley 
lordatm  tligtichon)^  is  preferred.    AccoiHiing  to  Lermer,  100  parta  of  dried  barley 

Starch        *.  68*43 

Protein  subst  mces 16 '25 

Dextrine ,  6*63 

Fat     ..     3'o8 

Celliilaae    .. 7'io 

Aab  and  otlier  cxjnBtituents    «•  3*51 
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The  asb  of  barley  contains  in  loo  pai^ : — 

Phoeplioric  acid 
Silicic  acid 


the, 
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constihictits.     Potatoes,  rico,  maixe,  glycerine,  and  potato- 
employed  in  8ome  modorn  brew^rio^. 
iwpa.     The  hop  {ffitmuhts  hipuius),  is  a  difecbufl  plant  of  the  nal 
TJrticacesP,  the  female  flowers  of  which,  or  catkins,  are  oaed  for  ilavoi 
The  catkins,  or  strobila,  are  composed  of  a  number  of  bracts  or  scaIca, 
green,  afterwards  chano^ing  to  a  pale  yellow.     At  the  base  of  each  flo 
the  pistil  containing  the  seed,  whilo  ^iirrounding  the  pistil  an?  a  nuin 
ns,  embedded  in  a  yoUow  jxiwdor,  tho  fariua,  ooutaiuiiig  the  active*  {j 
hop,  esjsentially  lupuUne,  the  gTain3  bfjiiig  termed  iupulinic  grain,    ll 
pulverulent  eubstanco  contains  an  eeaential  oil,  tannic  acid^  and  mini 
stituents.     The  essential  oil,  the  flavouring  principle  of  the  hops,  is  foi^ 
dried  bopa,  to  the  amount  of  o'8  per  cent. ;  it  is  yellow-colouredj  with  an 
without  narcotic  efiect,  of  a  sp.  gr,  ==o*go8,  turning  litmus  paper  red. 
more  than  600  times  its  weight  of  wator  to  offoet  a  solution.   It  is  free 
and  belongs  to  the  group  of  essential  oils  characterised  by  the  formula, 
can  become  oxidised  under  contact  with  the  air  into  valerianic  acid  (Cy 
oxidiitioii  hviri^  the  cause  of  the  peculiar  rheesy  odoui*of  old  hops;  it  10 
of  a  hydrocarbon,  C^Hg,  isomeric  is-ith  the  oils  of  turpentine  and  rosej 
an  oil  containing  oxygen,  CjoTIibO,  having  tho  pro]>orty  of  oxidation 
Tannic  acid  is  found  in  tho  several  kinds  of  hops,  in  quantitie-s  varj^ing 
per  cent.,  and  is  an  iioportant  constituent,  as  it  predpitatt»sthealbuininoi 
the  burloyj  and  sen^us  to  clear  tho  Utpion  It  gives  with  the  per-salts  of  i 
prijciintate;  treated  with  acids  and  synaptase,  does  not  separate  int*.i  galli 
sugar  ;  and  by  dry  distillation  does  not  give  any  pyrogaliic  acid.     The 
the  important  conHtitucut  of  tho  hops,  and  contains  tho  bitter  principle  orj 
It  is  ebfficultly  soluble  in  water,  especially  in  pure  water,  and  when  the  I1 
essential   oil   is   absent.      But  water  containing  tannic  acid,   gums, 
dissolves  a  ponsiderable  quantity  of  tho  ream,  especially  when  the 
present.     It  iw  intensely  bitter  in  taste,  and  boeomoa  foliated  when  ex 
atmosphere.    Hop  resin  and  tho  CBsential  oil  are  not  identical ;  the  former 
in  ether,  the  latter  is  not.  In  the  course  of  long  exposure  it  becomes  i 
m  and  extractive  coloiiriijg  mattor  are  of  little  use.    The  mineral  com 
dried  at  loo®  are  :— in  ash,  g  to  10  per  cent. ;  15  per  cent,  of  phospl 
per  cent,  potash,  &c. 
tuy  of  tfac  HoiH.      The  quality  of  tho  beer  in  almost  proportionate  to  the  ^ 
hops.    A  rich  soil  is  i-equired  for  the  growth  of  tho  hop-plant,  well  el 
le  inflQencf?  of  the  sun's  rays,  and  protected  from  easterly  wi n«ls,  which  1 
ftriraenta,!,    Tho  hops  must  on  no  accotint  be  gathonxl  until  the  st^ed  is 
Lpe,  as  it  is  only  then  that  the  bittor  quality  is  fully  developed.     Tho  rij 
le  hops  can  be  ascertained  by  rubbing  them  between  the  fiogers  ;  if  an  ot 
,  with  a  strong  odour,  they  are  fit  for  gathering.    AVhen  gathered,' 
iportant  operation  is  the  drying,  which  is  effected  in  kilns  or 
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of  40°*  with  a  good  Tentilation.     Wlien  sufficiently  dried,  the  amall  fit«m 

Id  th**  flower  snaps  readily.   Tlie  tomiw^rature  must  bo  carefully  reflated; 

it  penaitted  to  range  so  high  &a  to  run  the  ri&k  of  burning  the  hopa,  nor  allowod  to 

so  low  that  the  hops  may  afterwards  bcjoomo  mouldy  from  under- drying.  ^VheIl 

the  hop«  are  carefully  packed,  the  finer  kinds  being  put  into  canvas  pockets, 

the  inferior  into  hop-baga  of  a  coarser  texture.     The  bags  are  then  subjected  to 

fht  preaaure  in  a  hydnuilic  or  screw  press,  to  render  them  more  impervioiu  to  air. 

preserve  the  hops  they  are  sometimes  sulphurrdj  that  it*,  subjected  to  the  action 

Upours  of  burning  galphur,  i  to  3  lbs.  of  sulphur  being  emj>loyed  to  i  cwt.  of 

Old  hops  are  sometimes  tre^ited  in  this  miimier^  to  impart  the  colour  and 

mce  of  fr-eahly-dried  hops,  but  the  fraud  can  be  detected  by  the  odour.    The 

tuethiid  of  testing  l^:>r  sulphur  in  hops  is  as  follows  : — A  sample  of  the  hops  is 

in  a  sulphuretted  hydrogen  appunitus,  with  some  zinc  and  hydiochloric  acid ; 

disengaged  gas  is  pas^iieil  through  a  solution  of  acetate  of  lead.     If  the  hops 

iUua  lulphuruuB  acid,  Bulphuretted  hydrogen  will  be  disengaged — 

(SO,  +  aH^  ^  SH,  +  3H,0), 
hlack  rulphtdo  of  lead  thr<nvn  down  from  the  lead  solution.     Better  still  ia  to 
iTethe  disongugrHi  gas  in  a  solution  of  urtroprusside  of  sodium,  to  which  a  few 
»P8  of  potash -ley  have  been  added ;  the  slig-hteat  trace  of  sulphuretted  hydrogen 
a  beautiful  purple -red  colour  to  the  solution. 

tarB«pL      Other  sabfltaaces  have  been  naed  a«  sabstitnti^s  for  hops,  as  the  bark  of 

\ie»  of  the  piae,  quassia,  widmit  leaf,  wormwood,  bitter  rltiver,  extract  of  aloes, 

litly  pieric  nc.id  has  beeH  employed.     Although  all  these  substances  impart  a  bitter 

he»r^  tlioy  arc  inferior  to  hops.      They  eon  tain   the  tuime  ooa«titueuta,  namely^ 

"l«a  resiji,  a  bitter  extractive^  imd  nn  o»«*?ntial  oil. 

WafctT  is  employed  for  sJA^epiug  tlie  barley  for  the  pnrpe«e  ol  mdncing  ger- 

Bfttwera  are  cjireful  as  to  the  usual  distinction  of  hard  and  sfjft  waters.     Soft 

Ittwer  miafral  oonstituenti*,     R?iin,  like  dir+tillod  water,  is  a  very  t*oft  water, 

imonly  of  orguuie  mntter,  nitnit^'H  und  cttrbonnte  of  ammonia.     Spriujtf  and 

an)  m  mo«*t  cases  hard  waters,  while  river  water  ia  oft<?ii  soft.     Soft  water,  or 

!a  l?e«t  adapted  for  brewing:*     River  water  is  preferred  for  malting.     According 

l<*r»  in  WfttcfT  containing  liimj  an  iii.*wilublo  phoBphatef  is  depL>9ited,  while  in  the 

uf  time  lactic  acid  is  formed.     The  water  emplt^yod  i^  usually  purified  by  filtra- 

thfrmgk  sand,  gravel,  and  charcoal. 

Thy  yeast  of  former  operations  ir  generally  employed  in  femumtmg  the 
The  prpparaiion  of  the  yeaj^t^  and  the  rationah  of  the  procesa  of  fermentft- 
in  a  previous  »ectiou  of  this  work,  should  be  coni*idted. 

j;5    The  brewing  of  beer  may  bo  conaiderod  to  consist  of  the  following 
lotions : — 

1.  The  malting. 

2.  The  maahing. 

3.  Th(»  fermentation  of  the  beer-worts. 

4.  The  huing,  ripening,  and  preservation  of  the  beer. 
Mtfttar,       I.  Malting  is  the  process  during  which  the  grain — barley — ^is  germi- 

bd,  by  means  of  steeping  in  water  until  it  swells  and  becomes  soft.  The  non- 
^tainated  grain  possesses  only  in  a  very  small  degree  the  proj>erty  of  chiingiug  its 

h  into  sugar  (dextrose) :  this  property  i«  very  fully  developed  during  thft  germi- 
tion,  go  much  so  that  it  would  be  an  easy  matter  t*o  diBtinguifih  btstween  the 
fminatud  and  non-germinated  seed  by  the  degree  of  thii*  pr*»pf»ity  alone.     As  haa 

already  stated,  barley  is  the  grain  preferred,  on  account  of  its  forming  sugar  in 
^  quantities  than  any  other  kind  of  gmin.     The  germination  of  the  seed  takea 

in  three  well-marked  periods*     In  the  first,  the  seed  is  enveloped  in  an  outer 
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organ,  which  b<?cOTne8  cxhansted  and  witlierod.  In  the  second,  the 
germ  i^  shown  by  the  s^elliogat  the  end  by  which  it  was  atta<ht?d  to  thefftAlk;  1 
in  the  third  period,  the  little  plumnleor  acrmyire^  which  would  form  tho  s1»mu  of; 
new  plant,  is  put  forth.  The  g^onninntin^  se^d  is  BimtJar  to  an  ygg-,  with  it«  wl 
yolk,  and  emhyro  ;  the  sh*?H  corresponds  with  the  outer  or  hard  coating  of  the  a^ 
the  white  and  yoke  of  tho  eg"g  appojir  as  the  albumen,  or  me»l  of  the  gmm;  ij 
the  embyro  of  the  e^rg  has  its  analo^o  in  tho  ptmii  of  the  grain.  A  r««tniirk| 
change  takes  plarr^  daring  germination  ;  the  glutinous  constituf^nt  ha«  pA^«icd  i 
tho  h<j<iy  of  the  grain  to  the  radicular  or  rootlet,  which  has  grown  io  noarly  tho  lei 
of  tho  grain,  whiU.'  ahont  one-half  of  the  st^nh  ha^  Ik^oo  converted  iutii  $q| 
This  conve^ion  is  the  aim  of  tho  malting,  as  by  its  moans  the  sugar  can 
dissolved.  The  grain  is  ?uppose<l  to  have  l>een  eiifficiently  ti-eated  when  th#j 
or  aei-oapire,  has  att^iined  a  length  ei|ual  to  two-thirds  of  the  entire  let»j 
grain.  Tho  operation  of  germination  ia  tho  same  with  all  kinds  of  grain  cinpl^ 
in  brewing.  Tin?  conditions  of  success  are — ^the  saturation  of  the  grain  wiUi  m 
ture.  and  a  temperaturo  of  nut  higher  than  40**  nor  lower  than  4°,  with 
and  exclusion  of  light. 

a.  The  softening  or  soiiking  of  the  grain  is  accomplished  in  IiLr^cwIeniftl 
sandstone,  or  cement,  half-filled  with  water.     The  grain  is  poured  into  tho 
and  after  the  lapse  of  an  hour  or  s<ij  sinks  to  the  bottom  of  the  tank,  only  Iho 
rior  and  diseased  sewl  roraaining  on  the  surface,  to  be  removed  with  wcKiden 
and  thrown  aside  for  use  as  fL>dder  for  horses,  cjitlle,  &.c.     The  steep  wntor 
the  Boluble  cuDPtituents  of  the  huek  of  the  seed,  and  Ijccomes  of  a  bruwn  volour! 
peculiar  flavour,  with  a  decided  inclination  to  lactic,  butyric,  and  succinic  adilj 
mentsition.     Tho  duration  of  the  fcjoftemng  varies  according  to  tho  ag^  of  the  glj 
the  tcmperaturo  of  the  water,  &c,     A  young  fresh  grain  requi tea  48  to  72  hd 
OWiking,  while  an  older  grain,  containing  more  ghiteu^  is  not  thoroughly  floft^ 
•Vsder  6  to  7  daj's.     Gmins  of  equal  age  and  constitution  must  be  soaked  ti>gethJ 
obtain  an  equally  sotVncd  prodiict.     Aft43r  Bufficient  8oaking  the  gimn  is  allowoj 
drain  for  8  to  10  hours,  then  taken  out  and  thrown  into  heaps  on  the  floctr  of  the  nd 
house.     Tho  sufficiency  of  the  soaking  ia  ascertained— i.  By  pressing  the  gl 
between  the  finger  and  thumb-nail,  when,  if  sulBciently  moistened ,   the 
embyro  will  be  projecte«l.     2.  The  hiisk  is  easily  destroyed  by  pre-ss^ire  be( 
fingers.    3.  "When  cru»lir>d  with  a  piece  of  wood  the  grain  yields  a  floi 
The  grain  when  softened  has  a  peculiar  aroma,  resembling  that  of  appto. 
quantity  of  water  usually  absorbed  by  tho  barley  amounts  to  40  to  50  per  oeoL 
weight,  while  the  grain  correfttKiniliii^rly  increases  in  volume  18  to  24  per  d 
During  thifl  absorption  the  grain  loses  1*04  to  z  per  cent,  of  its  own  weight  ia 
matter.     Lerraer  states,  that  in  fresh  steep  water  he  has  fuund  eucdnio  acid 
proportion  of  jo  grms.  to  i  bushel  of  grain  soaked. 

6.  The  (hTmiuatmn  of  the  Softened  Qrain, — ^As  soon  as  the  grain  is  th( 
eaturatefl  with  moisture,  the  conversion  of  the  t«tarchiT)to  sugar  oommenoes. 
germination  has  proceeded  far  enough  it  must  be  stopped,  as  about  this  tii 
form  a  ti  on  of  sugar  has  reached  a  maximum.     Tho  softened  barley  ia.  as 
Btated,  transferred  to  the  floor  of  the  mal  ting-room,  where  it  is  **  couched.*'  or 
in  a  layer  4  to  5  inches  in  thicknes'^.    Here  the  gf?rmination  proceeds  till  the  fJi 
have  attained  the  desirtid  length.  The  temperature  rises  some  6"  to  io\  on  m 
the  heat  developed  during  germination,  and  consequently  much  of  the 


w 


BEXM,  407 

linpaied.  The  chief  art  of  the  maltster  consists  in  stopping  the  germination  at 
tint  point  when  the  plumules  and  roots  commence  to  draw  upon  the  constituents  of 
fte  grain.  The  duration  of  the  germination  varieSj  duiing  the  warmer  months  of 
tiw  year,  from  7  to  10  days,  while  towards  autunm  the  process  will  not  be  completed 
under  10  to  16  days,  but  the  average  duration  is  8  days.  The  grain  duiing  the  ger- 
idnition  loses  about  2  per  cent,  of  its  weight,  probably  by  the  oxidation  of  the 
euiwn  to  carbonic  acid  by  the  oxygen  of  the  air. 

c  Tke  Drying  of  the  Germinated  Grain, — The  grain  is  now  removed  to  the  drying 
ioor  (welkboden)f  whore  it  is  exposed  to  the  air  in  layers  3  to  5  centims.  in  depth,  anil 
tmned  about  with  rakes  6  to  7  times  daily.  When  the  malt  becomes  dry  it  is 
dJMred  from  the  rootlecs,  some  of  which  drop  off  by  themselves,  while  others  have 
to  be  removed  by  winnowing.  Malt  must  bo  dried  for  the  making  of  most  kinds  of 
Iwr,  and  has  to  undergo  a  roasting  process  before  quite  fitted  for  use.  This  drying 
or  Toasting  is  effected  in  a  malt  kiln  or  cylinder  heated  by  flues  to  the  boiling-point 
cf  water.  During  the  roasting  the  malt  acquires  a  darker  colour,  due  to  the  con- 
imtrn  of  the  remainder  of  the  starch  into  sugar.  The  equality  of  the  temperature 
liof  the  utmost  importance,  so  that  one  part  of  the  malt  may  not  be  more  strongly 
heited  than  another.  Before  the  malt  is  submitted  to  this  operation,  however,  it  is 
flnt  heated  to  30°  or  40**.  By  this  means  some  of  the  starch  is  converted  into  gluten, 
■nd  forms  a  coating  to  the  grain  impervious  to  water,  the  malt  being  in  this  stage 
kiovn  as  **  bright"  malt  from  its  smooth  glossy  appeai-ance. 

The  malt  kilns  consist  essentially  of  the  drying  plates  upon  which  the  malt  is 
bud,  and  the  heating  flues.  The  plates  used  to  be  of  stone  or  sheet-iron,  but 
modem  brewers  employ  wire-wove  frames,  placed  one  above  the  other,  so  that  the 
fcot  air  from  the  flues  beneath  may  ascend  through  the  interstices.  The  flues  are 
generally  of  sheet-iron  for  the  better  conduction  of  heat  to  the  surrounding 
•bnoephere.  Coke  is  used  as  fuel  on  account  of  the  absence  of  smoke ;  as  with  coal 
or  wood  in  the  event  of  a  leakage  in  the  flues  considerable  damage  would  be  done 
to  the  malt. 

The  malt  is  not  all  dried  at  the  same  degree  (50°  to  100°  C),  but  is  distinguished 
M  pale,  amber,  brown,  or  black  malt,  according  to  the  degree  of  heat  to  which  it  has 
been  exposed.  Pale  malt  results  from  heating  to  33°  to  38° ;  amber,  fn)m  a  tempera- 
taieof  49**  to  52**;  and  brown  from  the  rather  high  temperature  of  65*5°  to  76*5°. 
Black  malt,  commonly  called  patent  malt,  is  prepared  by  roasting  in  cylinders,  like 
wffce  cylinders,  at  a  temperature  of  163°  to  220°.  These  darker  malts  are  used  in 
England  for  colouring  porters  and  stouts. 

100  parts  of  barley  give  92  parts  of  air-dried  malt.  The  loss  of  8  parts  may  be 
Bina  accounted  for : — 

In  the  steep-water      1*5 

During  malting 3*0 

During  germination 3*0 

Other  losses 0*5 

Total  loss 8-c 

The  moisture  in  air-dried  malt  amounts  to  12  to  15*2  per  cent.,  which  is  expelled 
iinng  the  kiln  drying.    According  to  G.  John  (1869)  100  parts  of  dried  barley 
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I.  n. 

Malt      8309  8588 

Plumules      3*56  3*09 

Badicules  (rootlets)     . .     . .  4*99  4*65 

Permentary  products        ..  8*36  6*38 

loo'oo  100*00 

The  change  undergone  during  the  drying  or  roasting  of  the  malt  is  shown  in  A 
following  table,  the  result  of  Oudeman*s  analyses : — 

Air-dried  Malt.  Eiln-dried  Malt.  Stnmgly  dried  HiH 

Products  of  roasting  o-o  7*8  14*0 

Dextrine 8*0  6*6  10*2 

Starch      58*1  58*6  47-6 

Sugar       o"5  07  0*9 

Cellulose i4'4  10*8  11-5 

Albuminous  matter  13*6  10*4  10*5 

Fat 2*2  2*4  2*6 

Ash 3*2  27  27 

The  amount  of  sugar  is  undoubtedly  increased  during  the  process ;  and  1 
dextrine  appears  to  increase  with  decrease  of  starch,  and  rice  ver&d.  The  conTcri 
of  starch  into  dextrine  and  sugar  is  eflEected,  as  far  as  is  known,  by  the  agency 
diastase.  Dubrunfaut  has  only  lately  (1868)  shown  that  malt  presents  ancftl 
substance  similar  in  its  effect  to  diastase,  and  which  he  termed  maltin.  This  prind 
is  found  to  bo  much  more  active  than  diastase,  so  that  with  the  same  qniinl 
of  maltin  which  a  known  quantity  of  malt  contains,  ten  times  as  much  beer  can 
obtained  as  when  diastase  only  is  employed.  Dubrunfaut  has  also  fotind  a  sea 
but  less  active  substance.  Its  behaviour  with  respect  to  the  decomposition  of  etai 
is  similar  to  that  of  diastase  ;  malt  contains  i.^  per  cent.,  while  only  i  per  cent 
maltin  is  found.  The  treatment  wdth  alcohol  necessary  to  obtain  diastase  destn 
tho  maltin.  Dubrunfaut  believes  diastase  to  be  only  a  less  active  modification 
these  new  substances. 

^*"^*irt.°'"**       2.  Under  this  head  is  included  the  preparation  from  malt  of  t 
wort — a  saccharine  fluid  containing  dextrine— and  the  flavouring  with  hops.   1 
general  method  of  preparation  is  in  three  operations : — 
a.  The  bruising  of  the  malt. 
h.  The  mashing, 
c.  The  boiling  and  flavouring  of  the  wort  with  hops. 

TheBrnWng  of  the  ^  Bocr-wort,  or  the  wort,  as  it  is  generally  termed,  is  obtaiE' 
by  means  of  the  extractioi;!  of  the  bruised  malt  with  water.  To  the  end  that  all  tJ 
active  principles  may  be  extracted  from  the  malt,  it  must  be  bruised  or  ground  tc 
fine  meal.  The  obtaining  of  a  clear  liquor  after  the  extraction  is  eflktwi  1 
means  of  filtration.  The  grinding  is  ordinarily  performed  in  a  malt  mill,  a  machii 
with  rollers  being  preferred  as  afibrding  a  more  equable  product. 

Muhing.  h.  The  mashing  is  a  most  important  oi)eration,  on  success  in  whit 
depends  many  of  the  good  qualities  of  the  beer.  It  is  during  this  operation  tb 
not  only  the  sugar  and  dextrine  already  existing  in  the  malt  are  set  free,  bnl 
iLk>  the  unconverted  starch,  by  tho  aid  of  diastase,  the  water,  and  a  £irourtbtf 
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emporature,  suffer  conversion  into  sugar  and  dextrine.  Lormer  found  in  tlio  bedt 
sases  of  mashing  that  only  half  the  starch  was  converted  into  a  corresponding 
[uantit}*^  of  sugar.  The  operation  is  very  variously  performed,  but  generally  may  be 
considered  as  effected  by  either  of  two  methods : — 

0.  The  In/t^ion  Method,  according  to  which  the  mash  is  prepared  at  a  certain  degree 
of  heat,  but  never  attains  the  boiling-point.  The  crushed  malt  is  thrown  into  liot 
water  {Jirst  east)  in  the  mash  tun,  and  when  the  mai«h  has  reached  a  certain 
saccharine  condition,  a  further  addition  of  water  is  made  {^vcond  and  third  ca^t), 
Tlie  infusion  method  is  much  employed  in  North  Germany,  France,  England, 
Austria,  and  Bavaria. 
h.  The  Ihfoction  Method. — ^After  the  infusion  has  been  made  the  mui»h  is  brought  to  the 
boiling-]x>int,  and 

a.  A   portion  of  the  water  evaporated  to  form  a  thick  maw  {thick  mash 
hoilin'j).     At  a  subsequent  stase,  only  a  ptortion  of  the  maah  having  been 
thus  treated,  the  remainder  of  the  mash  is  added,  and 
fi.  The  whole  of  the  mash  is  heated  to  the  boiling-point  {clear  mash  boiling). 
During  the  clear  mash  boiling  the  hops  are  added. 

The  mashing  vessels  are  either  round  tubs  or  wooden  cist<jms  with  a  double 
bottom,  the  upper  being  perforated,  and  about  an  inch  above  the  tnie  bottom.  Between 
the  bottoms  is  a  tap  through  which  tho  wort  is  drawn  off.  In  large  bi*eweries  these 
bottoms  are  of  metal  instead  of  wood.  The  hot  water  is  supplied  from  the  bottom 
and  not  from  the  top  of  the  vessel.  Under  the  mashing  vessel  is  situated  a  large 
reservoir,  «dther  of  stone,  cement,  wood,  or  masonry,  and  destined  to  receive  the 
fluid  lun  off  fi-om  the  mash.  The  continuous  stirring  of  the  contents  of  the  mash- 
ton  or  tub  is  effect*)d  either  by  hand  or  machinery  driven  by  water  or  steam  power. 

DMocdflB  Method.      The  general  description  of  the  mashing  process  having  been  given, 

iw  now  pass  on  to  the  particular  method  of  preparing  tho  wort  by  decoction.     Tho 

infusion  takes  place  in  the  mash-tun,  in  which  the  required  quantity  of  water  is 

plaood,  and  tho  malt  to  be  mashed  shaken  in.    The  quantity  of  water  employed  in 

making  the  infusion  is  generally  in  the  proportion  of  203  volumes  of  water  to  100 

▼olumes  of  malt,  both  at  tho  ordinary  temperature.     Aft^»r  the  bruised  malt  has 

been  ^^ell  stirred  in  the  water,  tho  whole  is  allowed  to  stand  for  6  to  8  hours. 

Daring  this  time  the  necessarj'  quantity'  of  water  is  heated  to  the  boiling-point  in 

the  copper.     Tho  (quantity  of  water  used  to  prepare  an  estimated  quantity  of  beer  is 

tennod  tho  **  cast,"  and  the  quantity  of  malt  the  **  yield."  In  Bavaria  the  quantity 

of  boer  prepared  from  a  defined  quantity  of  malt  is  as  follows : — 

1  «p  «,«u  ,^-«i  1  f  202*3  volumes  of  Schenk  beer. 

100  volumes  of  malt  peld  {  ^^^.^        ^^       ^^  ^^^^^  ^^^^^ 

In  order  to  pro<luco  this  quantity  of  beer  an  equivalent  quantity  of  water  must  of 

course  be  employed,  so  that  in  a  Bavarian  brewery  to  100  volumes  of  malt  there  are 

taken  of  water — 

Schenk  boer.  Lager  beer. 

For  infusion 202-3  vols.  202*3  vols. 

For  mashing lyo'o    „  130-0    ,, 

372-3  vols.  333-3  vols. 

These  proportions  vary  according  to  tho  quality  of  the  grain,  tho  state  of  the 
Weather,  tlie  length  of  time  of  keeping,  &c. 

The  various  moilifications  of  the  decoction  method  arc: — i.  Tlio  Bavarian  or  Munich 
'lethod.  2.  Tho  Aujifsberg-Nuremberg,  or  Swabian  method,  sometimes  termed  **  sediment 
•tewing"  {fafzbramn). 

"thick  >ia*b  Boiiinr.     According  to  the  Munich  method  (thick  masli  boiling)  the  cast  of  water 
•  divided  into  three  portions,  two  of  which  are  poured  into   the  maah-tun  to  form  a 
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pfMitd  vitb  tho  bnilK^  mult.  After  thifi  mash  has  atood  for  two  to  four  tkoms,  \ 
nuiiiiing'  tJiird  of  the  water,  which  darmg  this  time  has  been  heat«d  to  the  boiliAM 
the  copper,  ia  ttdded,  the  whole  of  the  moAh  attaiuiug-  thereby  a  temperatura  irf  3|Cr| 
Tlien  f<jUowfi^  tlie  tinst  thick  matili  boiling ;  for  this  purpose  the  brt- wer  draw  •  the  i 
grain  to  one  side  tA  the  tun,  and  removes  a  portion  to  th**  copper,  w^here  for  «h«i 
it  ii  btjiled  for  thirty  luiuutea,  and  forsnnuncr  beer  for  seventy-five  minuti  ^^^  - 
of  ma»h  lx>jln<i  wt  each  operation  is  generally  about  half  the  C4i*'t.  Th^ 
rt?tum*d  t4>  the  uu^  tun.  Then  follows  the  second  iMok  ma^ih  boiling-,  tvI 
b^er  lost  seventy-live  mloutes,  and  for  eimmier  beer  an  hour.  By  meaua  of  tl 
boiled  miiah  the  eont'iitM  of  the  maah  tun  are  Failed  to  a  tempeTutur?  of  4^  t*»  j 
by  tlie  second  addition  to  60°  to  62^.     After  the  tini-ihing  of  thu  «*»  j 

Wfuhing  bcgioft,  that  in,  the  thinly  fluid  part  of  the  mash  i&  placed  in  tli* 
about  fifteen  minuter,  and  is  then  returned  to  the  mash  tun.     The  tt  3 
ia  now  7a*  10  75"^,  and  is  moat  auit«d  for  the  formation  of  sugar.      ! 
the  covered  tun  14  to  2  hours.     During  this  time,  and  ai^^ioon  as  th« 
reraovf-d  from  the  e^^ipcr,  the  latter  ia  re-filled  with  a  sufiiuieutqu-inuty  01  wnit^ 
purposes  of  brewing   wuall  beer.    When  tlio  sugar  haa  X^^eti  prripf-rly  f*^run-»l  aj 
solved  in  the  wort  the  latter  i«  removed  from  the  mash  tun  to  tin 
remaining  nniNh  iri  then  treated  v^ith  hot  wat^r  to  yield  small  bt 
35  to  50  quarts  of  thiKl>eer.     The  reaiduo  of  the  amall  beer  is  ^^^...   .,•  ...,  „   «».„ 
the  rej^uUiug  infmdou  beting  employed  in  vinegar-making.    The  rvaidue  from  tiiiij 
is  uHi^  a«  ff wider  for  ciittli*»  ) 

The  thick  ma?ih  boiling  Ib  by  no  meanii  a  rational  method,  aij  the  srparation  <>f  ti 
and  the  Peveral  removali  are  unneoesaary  labour,  and  dn  not  contribute  ^y  murh 
eomph  te  extraition  of  the  malt  aa  is  genorally  suppc>sed ;  the  high  tempcrutuiv  , 
u  port  14 »u  of  the  dia/itase  ineflective,  woile  much  of  thfl  starch  reittaius  uiioouTcfl 
dextrin*]'  and  dextroftc. 

AU  who  have  tried  to  reduce  tho  brewing  pmcofcis  to  simple  methods  ba«fd  npoi 
chemicat  and  phytiLcal  principled  declaim  against  the  proceiis  of  thick  TQavh  1 
Htatmg—and  with  good  tound  reaaou  pr^ived  by  experimeuts — that  the  a4i*aiil| 
thia  method  aro  al^rdly  overrated ;  and  that  in  order  to  k>B<»*>n  the  bad  effrctta 
method  asf  much  a^  poBsible  it  should  bo  replaced  by  a  method  of  hot  maahini 
lit  a  temperature  of  from  60"  to  65°. 

Augibttrf  MrOiod       Dititinct  from  the  foregoing  mfk^h  methods  is  the  so-«*a1Jed  **«< 
brewing"  usc^  in  many  Swabian  and  Franconian  breweri<''S,     It  e-fw-ntiaily  <iw»M 
treating  t!i©  bnii^ed  malt   with    cold,  and  thctn  with  hot  water  to  obtain  «  ^an 
wort.     The  bniij^-s^l  malt  la  mixi'd  with  cold  wiittT  in  the  ma.4i  tun  in  Oi 
7  Bavariun  bu^^livL^  to  30  to  35  eimers  (each  ^;  68*41  li*^^»  o'  water.     Ai 
four  hourp,  two-thirds  of  the  fluid  is  drawn  off.     Diuing  this  tinu 
(48  einicrs  to  7  bushels  of  bruised  malt)  ia  brought  to  the  boiling -j 
portion  of  this  watf  r  is  now  added  to  the  contents  of  the  ma^h  tun,  1 

temperature  of  50°  to  52",  while   the  liquor  or  weak   wort  drawn  oti  Irum  thi 
tun  is  poured  along  i^ith  the  rent  of   die   water  in  the  copi>er.    Thf}  liqii^r  t| 
been  drawn  off  cojj tains  albumen,  diastaRe,  dextrine,  and  dextroM?.     Th« 
to  stand  for  a  ijiiiirter  of  an  hour  in    the    tun,  when   the  fluid    is    ent 
transferred  to  the  copper,  and  h  'jited  to  tho  boiling-point.      This  is  t 
mash."*     While  this  is  going  on  enough  fluid  will  have  drained  fri-^m  the  i 
tun  to  fill  tife  space  betwef>n  the  double  bt^ttomsof  the  tun;  this  fluid  i^  . 
to  the  cooling  vest»ol«.     The  fluid  hoatcd  in  the  copper  is  now  returned  to  Uif  mm 
the  entire  cont^^ats  of  which  attJiin  a  temperature  of  72**  to  75**.     Thi^  "  »in.^ond  tnji 
after  an  hour's  interval  followed  by  a  **  third  maah/'     The  wort  ia  then  nm  i 
cooling  ressels,  1 

infti^on  Mithod  The  infiiBion  method  is  distinguiahed  from  the  derocti<.m  msl 
a  slight  (liffircncw  lu  the  protedui'e,  tlie  brujse<l  malt  Knng  tieated  with  vb| 
tempcmturo  of  70°  to  75",  but  without  any  portion  of  the  mash  beii  i 

method  is  that  usually  employed  in  this  country,  North  America,  Fj 
and  Koiih  Germany. 

The  quantity  of  water  intended  to  he  used  for  the  mashinj^  process  ia,  mei 
to  the  initial  tempt^niture  of  the  water  tho  brewer  has  at  hand,  hfM^t€<l  eiUier 
or  only  a  portion  in  the  copper,  tho  t^jmporuture  of  this  fluid  being  Tai»3d  in 
to  75",  in  summer  to  from  50°  to  60°.  The  necessary  qxiantity  ia  first  poured  il 
maah  tun,  the  bruised jnalt  being  next  added,  and  the  mixture  made  up  i| 
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I  a  moderately  thin  paste.  Water  19  heated  to  the  bailing-jKiint  in  the  copper  in 

r  to  proceed  further  with  the  ma-shing  process.  As  soon  as  a  sufficient  quantity 

aler  boils  it  is  -usually  by  means  of  properly  constructed  pipt^H ^allowed  to 

linti»  the  mai»h  tun,  wherein  it  ia  considerubly  cooLmI  owiii;^  to  the  colder  water 

or)  present  in  that  vessel ;    the  increase  of  tomi>orature  of  the  contents  of 

fc  ten  to  75*  (the  most  suitable  for  saccharifieation)  is  gfmerally  mudo  in  oi-der  to 

lit  the  formation  of  starch  paste^  whereby  the  formation  of  diastiuHu  would  be 

xi  with.    SintM}  the  convorBion  of  amylum  (stnnh)  into  (kxtriiie  and  dextrose 

\  gradually  only,  it  is  clenr  that  the  contents  of  the  mash  tun  should  he  kept 

emperature  suitable  for  that  process;  whUe,  however,  on  thii  other  hand,  care 

\  to  bo  tjikon  to  prevent  the  mash  becoming  sour  by  the  foniuiuon  of  bictio 

bhubly  also  propionic)  acid. 

\  progress  of  the  ff>riniition  of  dextrine  and  dextrose  is  heat  ascertained  by  the 

^of  an  aqueous  solution  of  iodine,  or  preferably  of  io<linfj  diwriolved  in  iodide  of 

Qum,  in  the  proportion  of  o'l  g^rm.  of  iodine  and  i"o  of  iodide  of  potassium  to 

tec*  of  water ;  thin  solution  will  at  first  give  with  a  sample  of  the  mash  a  dark 

juration,  next  a  wine  red,  and  finally,  when  only  dextrine  and  dextrose  are 

no  cnlouration  at  all.     The  addition  of  two  to  three  drops  of  the  clear 

a  small  quantity  of  this  iodine  gsohition  is  sufficient  for  testing,     WheE 

^QiaAh  has  been  kept  for  alxjut  one  hour's  time  at  the  temperature  most  suitable 

saccharification,  the  wort  is  run  eithor  into  a  largo  reservoir,  or  into  a 

t  kt'pt  expressily  for  this  purpose,  or  lastly,  at  once  into  the  copper;  and  a 

i  quantity  of  water  is  then  poured  into  the  tun,  and  tbo  contents  of  the  tun 

►  lllo^ed  to  r*3main  for  half  to  one  hour  at  a  temperature  of  75^.    It  is  as  A 

ktter  of  course  quite  evident  that  the  infui^ioii  method  may  be  varied  aa  regard* 

I  ijnantity  of  water  and  ropcuited  number  of  infusions ;    but  in  onler  to  brew 

rof  a  certain  and   fixed  brand  it  is  rr^ulsite  that  the  dtif,rree  of  concentration 

Itlie  wort  be  always  the  same.     For  the  purjiose  of  ai»certaining  the  degree  of 

ntintion,  lia^injL''^  saccharoincteris  generally  employed,  which  inatrumont  when 

\  bto  8U«:ai'  scjhttiouB  indicates  the  pereentuge  of  sugar  they  contain.     Balling 

1  that  solutions  of  dry  extract  of  malt  have  the  same  specific  weight  as 

nr  solutions  of  equal  percentage.     For  use  in  a  brewery  the  aaccharometer 

Rily  bo  gTJiduftted  for  solutions  varying  between  20  tcj  30  per  cent, 

hiof  ih»  Wort.     The  quantity  of  extract  which  a  wort  should  contain  depends, 

eurse,  upon  the  quality  of  the  b©c*r  which  the  brewer  desires  to  make,  and  ditfers 

biding  to  the  nature  of  the  beer,  whether  it  shall  be  thick,  heavy  (rich  in 

t),  or  strong  (of  great  alcoholic  strength).  The  quantity  of  malt  extract  varies 

fferemt  bexjrs  from  4  to  15  per  cent.,  that  of  the  altxjhol  from  3  to  8  per  cent. 

I  ]ier  cent,  of  sugar  in  the  wort  j^elds  after  fermentation  0*5  per  cent*  of  alcohol.  To 

>  a  l>eor  containing  5  percent,  of  alcohol  and  7  per  cent,  of  malt  extract*  the 

i*uld»  before  fermentation,  mark  the  degree  on  the  saofslmrometer  oorre- 

Ctling  to  17  ;>er  cent.  A  beer  of  3-5  per  cent,  of  alcohol  and  5-5  per  cent,  of  malt 
u^t  will  have  resulted  from  a  wort  c<)ntaining  12  s  W^  t^^^it*  ^^  e^ugar. 
Wji»t«A*Wort,  f.  The  prepared  but  not  yet  boiled  wort  contains  dextrose,  dextrine, 
ome  unconverted  stai-ch,  protein  substances,  extractive  matter,  and  organic  salts. 
H<»  colour  of  the  wort  is  a  brown  or  yellow-brown,  according  to  the  variation  of 
of  the  malt  from  which  it  has  been  obtained.  The  odour  is  agreeable  and  the 
^  «woet.    The  wort  exhibits  an  acid  reaction  to  test-paper,  owing  to  the  preac  nco 
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in  that  fluid  of  small  quantities  of  free  pliaspliorio,  lactic,  and  probalslj  oILer  a 
but  in  case  tbe  wort  has  by  accident  boeomo  sour,  or  if  wort  is  made  pn 
from  already  exltaustod  grain  which  haa  become  sour,  this  reaction  i»  far  i 
and  may  be  ascertjiined  by  the  odour,  owing  to  the  formation  of  Tolalilt}  i 
among  which  butyric »  and  in  Uie  latter  caBo,  lactic  and  propionic  acids  aro 
in  large  quantity.    The  boiling  of  the  wort  aims  at  its  concentration,  aad  i 
at  the  extraction  of  the  bitter  principle  of  the  hops ;  farther  also  for  the  pn 
of  coagulating  and  precipitating  a  portion  of  the  albuminous  substances,  by  1 
of  the  tanmc  acid  contained  in  the  hops.     This  latter  reaction  renders  ( "" 
clear*     In  many  breweries  gj'psum  is  added  to  the  boiling  wort  to  reduce  1 
of  the  nitrogenous  substances.  The  boiling  is  generally  effected  in  copper  caq 
(technically,  also  simply,  "  the  copper**),  set  in  masonry  over  a  fire-gmto.  ThA 
is  very  carefully  disposed  to  prevent  the  burning  of  the  wort^  as  tlio  pftiis  j 
exposed  to  the  direct  action  of  the  flame.     The  manner  of  hopping  (as  it  is  1 
that  is  to  siiy,  tho  mode  of  adding  the  hops  to  thowort,  vuries  in  diilVnent  brew 
and  depends  as  regards  qimntity  also  upon  the  quality  (strength)  of  the  I 
largt^r  or  smaller  amount  of  extract  conttiined  or  desired  to  l)e  retained  in  1 
and  last,  but  not  least,  the  mode  of  preservation  and  length  of  time  it  is  inii 
keep  tho  beer. 

Addijig  tik*  BopL    To  winter  beer,  which  in  Germany,  as  a  rule,  is  oonsumsd  in  I 
six  woeks  after  brewing,  the  old  bops  (viz.  one  year  old),  are  added  in  the  pp 
of  2  to  3  pounds  to  a  Bavimun  bushel  of  malt  [z'zz  hectolitres).  For  summer  1 
be  consumed  in  May  and  June,  4  to  5  lbs,  of  now  hops  are  added  to  the  bu 
dried  malt;  while  for  the  beer  for  September  and  October  con^^imption,  6  to7p/l 
of  new  hops  are  employed  with  each  buabf  1  of  malt,    Among  tho  constitu 
hops  which  are  active  in  the  process  of  brewing,  we  mention  in  the  first 
bitter  ingredient  it  contains  (not  correctly  known,  notwithstanding  recent  1 
and  which  as  well  imparts  to  beer  its  bitter  taste  as  its  narcotic  property ;  fnrtW*,! 
tannic  acid  which  combines  during  the  boiling  of  the  wort  with  a  portion  uti 
of  its  protein  compounds  as  are  not  rendered  insoluble  by  the  Iniiling  i 
ibrm  together  a  precipitate,  rendering  the  wort— previously  turbid — qti 
and  also  regulating  the  first  and  second  (so  called  aft«r)  fermentation.     Th© 
oil  and  ream  met  with  in  hops  act  to  a  certain  extent  as  retarding  the  fer 
and  thus  as  preventatives  of  converting  tho  wort  into  a  soui"  liquid  ;  1 
inurganic  constituents  of  hops  they  do  not  appear — at  least  cannot  be 
proved — to  be  of  much  c^usoquencep     As  regards  the  degree  of  eoncentr^itir^ 
be  given  to  the  wort  by  the  process  of  boiling,  it  should  be  observed  that  the  < 
of  concentration  as  asceitainable  by  tho  saccharomoter  should  rsmain  from  o*%\ 
aaccharometrical  percont^ige  under  the  degree  of  concentration  whie^  the 
should  indicjite  at  the  beginni ug  of  the  £L»rmentation,  because  whUe  cooliiif,! 
wort  gtiins  in  oonoontration  just  tho  percentage  alluded  to.    The  aopamtiua  of  I 
ooagulatod  albumen  doe^  not  take  place  until  the  temperature  of  the  wort  1 
i-eaehwd  90*;  and  the  quantity  separated  is  greater  firom  wort  prvparcd  byil 
infusion  mt'thiHl  than  from  that  prepared  by  tho  decoction  method.     As  1 
appears  that  in  a  .sample  of  tho  boiling  wort,  taken  from  the  pan  and  poured  i 
largo  t<?Bt-gltiJia  the  suspended  llocculont  matter  settles  rapidly  to  th«s 

r  gloss,  the  boiliug  can  be  discontinued,  tho  wort  being  then  ready ;  but  ia  J 
of  the  infusion  method,  the  boiling  is  continued  for  the  purpose  of  i 
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onoontrating  the  liquor,  and  the  boiling  for  this  purpose  may  even  last  for  from 

to  8  hours.  If  tho  boiling  only  aims  at  the  coagulation  of  the  albuminous 
impounds,  one  hour's  boiling  in  winter,  and  three-quarters  of  an  hour  in  summer, 
I  quite  sufficient.  As  regards  the  hops,  .'t  is  best  to  add  them  in  a  somewhat  cut 
p  state,  and  not  before,  by  a  good  boiling  of  the  wort,  the  greater  part  of  the  albu- 
inoos  compounds  have  been,  as  far  as  possible,  precipitated.  In  order  to  extract  the 
spe,  the  wort  is  either  passed  through  a  basket  filled  with  hops  or  through  any 
dtably  constructed  perforated  vessel  retaining  the  hops,  this  vessel  being  placed  in 
tmmimication  with  the  coolers ;  or  the  hops  are  boiled  along  with  the  wort ;  or 
;ain,  several  portions  of  tho  wort  are  boiled  successively  along  with  the  samequantity 

wort ;  and  lastly,  oven  with  the  weakest  wort  or  after-run. 
taoitaf  tb€  Wort      The  cooling  of  the  wort  to  the  degree  necessary  for  tho  commenco- 
ent  of  the  fermentation  is  effected  in  large  wooden,  stone,  or  iron  cisterns.    As 

a  temperature  of  25**  to  30"  C.  tho  wort  has  a  great  tendency  to  set  up  lactic  acid 
rmentation,  the  cooling  has  to  be  very  rapid  in  order  that  tho  temperature  of  the 
loid  may  be  soon  much  below  25°  to  30°,  and  thus  any  danger  of  souring 
^rented. 

The  cooling  of  the  wort  is  an  operation  which  is  performed  in  well  constructed 
id  in  all  directions  well  ventilated  buildings,  protected  from  rain,  in  which 
dildings  the  coolers  are  placed.     Owing  to  improvements  in  the  modes  of  cooling, 

is  liow  possible  even  \m  brew  beer  in  localities  (as  for  instance  Montpellier  and 
[aneilles,  Barcelona,  and  Naples)  where  fonnerly,  on  account  of  tho  prevailing 
igii  temperature  during  the  greater  portion  of  the  year,  brewing  could  not  take 
Uoe  at  all ;  while  also  for  the  same  reason  in  various  countries  (America, 
Fluted  States  especially),  excellent  lager  beer  is  brewed.  Tho  cooling  vessels 
re  generally  only  6  to  8  inches  deep,  of  wood,  iron,  or  copper,  and  are  placed  in 
n.  airy  situation  near  or  immediately  under  the  roof  of  tho  brewery.  Metallic 
easels  are  of  course  more  effectual  in  cooling  the  wort  in  a  sliort  time  than  wooden 
lUfl ;  they  are  also  more  oloaiily,  and  less  liable  to  get  out  of  order.  In  some 
t«weries,  where  a  constant  stream  of  cold  water  is  available,  tho  coolers  arc  placed 
berein ;  but  this  is  of  course  a  matter  entirely  depending  oji  the  locality  of  tho 
*«wery.  Without  doubt  the  surest  means  of  cooling  tho  wort  rapidly  is  by 
K&pbying  ice,  either  in  blocks  in  the  wort  or  in  pans  placed  in  the  cooling  tuns. 
tut  for  economic  reasons  this  plan  is  not  generally  available.     The  temperature 

>  which  the  wort  is  to  bo  cooled  is  that  best  suited  to  fermentation,  the  next  process 

>  which  the  wort  is  subjected.  The  following  are  the  temperatures  at  which  fer- 
lentation  most  readily  sets  in,  depending  upon  the  temj)erature  of  the  locality  and 
pen  the  kind  of  fermentation : — 

Temperature  of  the  wort. 


Temperature  of  the  locality 

where  the  fermentation 

takes  place. 

In  sedimentary 
fermentation. 

In  superficial 
fermentation. 

60  to    70 

120 

I5» 

70  to    80 

no 

140- 

80  to    90 

iqo 

13c 

goto  iqo 

90 

120 

lOO  to  120 

70  to  80 

12<>t0  II" 

The  concentration  of  the  boiled  and  hopped  wort  is  expressed 
t  the  saccharometor. 

in  degrees  percent 
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Tied  to  the  surface  of  the  fermenting  fluid — is  employed  chiefly  for  such 

of  worts  as  are  intended  to  produce  a  beer  which  is  not  required  to  be 
or  any  length  of  time,  but  rapidly  consumed  after  having  been  brewed.  The 
is  in  this  instance  generally  rich  in  sugar  (glucose) ;  and  while  only  a  portion 
8  sugar  is  converted  into  alcohol  (sweet  beer  being  formed),  the  formation 
mall  quantity  of  alcohol  (the  wort  being  only  lightly  hopped),  contributes 
y  to  the  preservation  of  this  kind  of  beer.  Surface  fermentation  is  also 
jd  in  such  kinds  of  worts  as  are  either  very  concentrated  or  contain  sub- 
a  which  to  some  extent  retard,  or  might  even  altogether  impede,  fermentation ; 

instance,  the  empyreumatic  substances  present  in  a  very  highly  roasted  malt 
irge  quantity  of  hops,  these  conditions  obtaining  in  the  brewing  of  porter, 

and,  as  regards  hops,  the  bitter  ale.  "Worts  of  this  description  come  com- 
irely  very  difficultly  into  fermentation.  Fermentation,  no  matter  whether 
3  or  sedimentary  (the  yeast  is  in  thia  case  slowly  deposited  as  a  sediment  on 
ktom  of  the  vessel),  exhibits  the  thr^e  following  phases,  viz.  : — 
lio  chief  fermentation,  beginning  soon  after  the  addition  of  the  yeast, 
torised  by  the  decomposition  of  glucose,  by  the  formation  of  new  yeast,  and 
increase  of  temperature. 

he  after-fermentation,  during  which  decomposition  of  glucose  continues 
,  while  the  formation  of  new  yeust  cells  does  not  ensue  so  energetically  as 

first  phase,  the  suspended  particles  of  yeast  settling  down,  and  the  beer 
Jig  clear, 
ho  quiet  or  imperceptible  fermentation  taking  place  when  the  after- fermenta- 

finished  is  characterised  by  a  further  decomposition  of  glucose,  while  the 
[on  of  yeast  is  not  perceptible  to  any  extent. 

tary  Fermentation.  Sedimentary  fermentation  is  employed  in  the  brewing  of  the 
an  schonk  and  lager  beers,  taking  place  in  large  fermentation  vats  con- 

•  icK>o  to  2000  litres  of  wort.  Recently,  upon  the  suggestion  of  O.  Sedlmayer, 
csscds  have  been  constructed  of  glass.  The  addition  of  yeast  may  be  efibcted 
difFeront  ways  :  yeast  may  be  either  added  to  the  wort,  or  a  small  portion  of 
rt  is  first  separately  brought  into  a  state  of  fermentation,  and  next  added  to 
k  of  the  li(iuid.  In  the  first  case,  dry  yecuitingy  as  it  is  termed,  the  yeast  is 
in  a  small  tub  and  wort  poured  over  it,  and  these  substances  having  been  well 
the  whole  of  tlie  contents  of  the  vessel  are  thrown  into  the  formentafion  vats, 
ere  worked  about  by  the  aid  of  a  stirring  pole.  According  to  the  second 
I,  wtt  yeanling  or  yeast  carryinrjy  to  1000  maas*  of  wort,  6  to  8  maas  of  yeast 
led  and  well  mixed  with  about  3  eimers  of  wort,  the  mixture  being  allowed 
d  for  four  to  five  hours.  After  fermentation  has  set  in,  the  fermenting  liquid 
ed  with  the  wort  in  the  fermentation  tank.  The  yeast  intended  to  be  used 
» purpose  fihould  be  obtained  from  a  former  and  normal  fennentation ;  it  should 
too  old,  and  should  possess  a  pure  odour  (not  be  foul),  thick  consistency,  and 
by. 

•  the  wort  haa  been  mixed  with  the  yeast  the  following  phenomena  are  exhibited : — 
:^ii  to  twelve  hours  the  decomposition  of  the  dextrose  becomes  apparent  by  the 
on  of  bubbles  of  carbonic  acid  gas,  which  forms  a  wreath  of  white  froth  at  the 
\  the  vcBsel.  In  another  twelve  hours  larger  quantities  of  a  more  consistent  froth 
med,  causing  the  surface  of  the  liquid  to  exhibit  a  very  peculiar  appearance,  which 

*  The  Bavarian  maas  is  equivalent  to  1*25  English  quarts. 
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might  be  compared  to  tKut  of  iiregulax  maasea  of  broken  np  roek?* :  af  fbi*  mmt  \ 

more  vivid  evolution  of  carbonio  Btid  takes  place  and  becojji  hei 

The  Gt-rman  tenii  fiLvr  thi*  phase  of  the  fonnentationT  ^tf  ^ 

hardly  be  cxprc^5^-<l  in  Eu^lLth^but  the  meaning  ijs  the  fennt a,  ,..,...  .^ 

phenomona  to  contitiuF*  with  a  rogTilarly  proceeding  fermentation  in  fnl 

two  to  four  daj'R,  ant!  tlitm  ffradmiUy  uubiiid©,  there  remaining  on  the  mi 

a  somowhat  brown-t^olourwi  film  of  frothy  mueh  contracted,  mid  chietl;  -^  efl 

reMinou?*  and  oily  tMinKtitupQU  of  hopft. 

The  yf?a.Ht  formed  is  only  to  a  very  sniiall  extent  present  on  the  snrtii^  ' 
aa  in  the  ease  of  ,**odimPDtaTT  fermentation  the  oarbonio  acid  evolved  csinn 
iaolatitl  yojust  eeU^  to  the  wurfaoe.     The  temperature  of  the  fermenting  li^u,  .   . 
at  the  bi^gnmiinig  of    the  fermeDtAtion,   so   that   the   liquid    becomes    wrentl 
wanner  than  the  air  of   the   locality  where  the  fermenting  vats    are   plaof<L     By i 
fermcutfttion  the  wort  lo^»>s  the  greater  portion  of  iti  d^^xtrose,  about  half  of  wh* " 
evolved  in  the  shape  of  ejifbonic  acid,  while  the  remainder  is  converted   into  \ 
furthett   a  portion   of    the   albuminoua   substances   diM^^olved   in   the   wort   in 
insoluble  «nd  ib'pj**it<Hl  in  the  whape  of  yea^t.     On  being  te^ited  with  the  i 
the   liquid — for   rttisonw   just   explained — exhibit*   after  fennentation    a  \f-<^  ih^rm^l 
Btrenirth  than  before.     The  difference  in  pereentaye  shown  by  the  nacehar 
and  after  fenneutiition  i^  in  direct  proportion   to  the  quantity  of  dextros** 
and  providoH  a  means  of  axeertaining  the  oonme  of  the  pro«Te«*  of  the  i^.'I^ 
If  tills  difforenco  he  uiade  the  numerator  of  a  fraotiou,  the  denominator  of  wh 
percent  a  gre  indicati'd  by  the  sacrharometer  before  fermentation^  the  valrv     *'  *^ 
will  increatte  proportionately  Avith  the  complet^^neas  or  eflicaiTV  of  th* 
for  infftance^  a  wort  before  fenneiitation  marks  a  saccharo metrical  p^ 
and  ftft<Twarda  gives  5  per  cent,;  the  difterenoe  6' 5  divided  by  115  g-iveti  the  < 
0*565,  that  19,  of  100  parts  of  nudt  extract  565  per  cent,  are  dfieomJ>o6ed  during^  fer 

^ofhi^ITi!?**^"  AJtor  the  chief  ferment  a  ti  00  is  completed,  which  for  srummeTorl^itf' 
boor  requires  nine  to  ten  days,  and  for  winter  or  schenk  beer  seven  to  oight  daji^tiri 
young  or  gretn  beor  is  put  into  barrels,  aft<jr  haying  become  qui  to  cloar  by  the  ie|»* 
ration  of  the  yeast.     Before  the  boer  is  vat  ted  tho  scum  present  on  its  8tiriaoy| 
removed.  The  yea.st,  settling'  to  tho  bottom  of  the  vat  In  which  the  fermentatiaal 
place  consists  of  three  layers,  the  middle  being  the  best  yeast;  the  lowest,  «b'»*oraj> 
yeast  and  foreign  matter,  is  mixed  with  the  yieast  of  the  upper  layer,  and  if  not « 
wise  saleable  is  sometimes  omployod  in  the  disttlleries  of  malt  spirits.     The  1 
layer  serves  for  further  fermenting  operations.    In  breweries  where  pure  water  Jl 
reader  should  bear  in  mind  that  Bavaida  is  alluded  to)  is  not  to  be  had,  this  \ 
occasionally  obtain e<l  fresh  from  other  breweries.     It  is  usual  to  fill  casks] 
with  winter  beer  at  once  quite  full ;  but  as  regards  summer  beer  several 
are  mixed  in  smaller  vats  in  order  to  obtain  an  tiniformly  colourod  mixture, 
barrels  aie  tisually  coat<.Hl  with  piteh  on  the  inside^  the  aim  being  to  prevent  thtb 
soaking  into  the  wood,  and  thus  giving  rise  when  tho  cask  it  emptiod  to  the  fo 
tion  of  acetic  acid.     For  the  after- fermentation  tho  beer  is  placed  in  stone  i 
which  should  be  as  cold  as  possible,  so  as  to  cause  the  after-fermentation  to  \ 
as  slow^ly  as  posaibie,  and  thus  admit  of  the  beer  being  kept  until  the  brewing  1 
opens. 

In  all  parts  of  Germany*  but  mostly  so  in  Bavaria,  great  attention  is  paid  tol 
oonstrnction  of  the  collars :  often  these  cellars  are  excavated  in  rocks,  and 
times  ice-pits  are  plucked  in  the  cellars  to  keep  them  very  cool.   The  after^ferro* 
tion  of  tho  beor  sets  in  when  it  is  vatted,  the  moment  of  the  b^^nning  «f  I 
process  partly  dependmf^  upon  the  condition  of  the  beor  when  vatted  and  portly  t 
the  temperature  of  ceUnr,     The  after -fermentation  ^  which  becormes  apjiar^nt  byl 
appearance  of  a  bright  white -colon  rod  foam  at  the  bimg-holo,  may  set  in  in 
diately  af^er  the  Viiltlnj^  of  the  beer,  or  maj"  only  become  apparent  some  eighth 
aft^T.     Should  the  beer  happen  not  to  exhibit  any  sign  of  incipient  after *i«i 
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roen,  yonng,  or  new  beer  is  added  for  the  purpose  of  inducing  this  process. 

.c  after-fermentation  is  finished,  the  bungs  of  the  canks  or  tuns  are  not 

isteuod,  and  the  beer  is  left  in  this  condition  (in  the  collars  of  course) 

le  summer  months.     About  a  fortnight  before  the  beer  in  the  casks  is 

to  bo  tapped,  the  bungs  are  tightly  closed  in  order  to  cause  as  much  car- 

(1  to  accumulate  in  the  fluid  as  will  occasion  the  beer  to  foam  on  being 

but  if  beer  hapixins  to  be  yatted  in  ver}'  green  condition,  the  bung-hole 

>t  remain  closed  for  so  long  a  period,  because  then*  so  violent  a  formenta- 

sot  in  that,  on  tapping  the  cask,  its  contents  become  too  much  agitated, 

;by  a  very  turbid  (full  of  yeast)  beer  is  served  to  the  customers.     Some- 

d  addition  of  liqueur  (a  solution  of  white  sugar)  is  resorted  to  for  the 

of  setting  up  a  strong  fermentation   in  very  old  beer.      According  to 

i&udler  (1868)  beer  obtained  by  the  processes  alluded  to  has  the  following 

ion; — 

Sedimentary 
Decoction.         Bock.  Method.        Infusion. 

hoi       2'8io  3*380  2*940  3*130 

ir 1*580  2*320  1*460  1*330 

:riuo 4*610  6*910  4*770  4*800 

jgenous  substances  . .      . .  0*380  0*740               —                 — 

r  constituents 0*380  0*400  0*890  o*550 

^.  of  solution  of  extract . .  1022  1*042  1*028  1*026 

act  (direct  estimation)     ..  6*570  9*980  6*230  6*130 

(according  to  Balling)  6*950  10*380  7*120  6*680 

mentation.  Surfttco  formentatiou  is  that  induced  in  the  worts  intended  for 
ng  of  the  bottlcnl  beers  of  North  Germany,  Bohemia,  Alsace,  England,  and 
Beer  obtained  by  tliis  process  of  fermentation  is  not  so  lasting  as  that 
by  the  sedimentary  fermentation  process.  This  ditfenjnco  is  due  to  the 
the  surface  fermentation  goes  on  at  a  higher  temperatui*o,  proceeds  more 
vhile  the  elimination  of  the  nitrogenous  compounds  is  also  loss  complete. 
m  why  thiH  i)rocess  is  i)referred  to  the  sedimentary  fermenttiticm  proc-ess  is 
•ing,  by  tlui  aj)plication  of  the  last  process,  is  so  greatly  dr»])endent  upon  a 
oniture  that  this  nio<lo  of  brewing  cannot  bo  continued  thi*oughout  the 
xr  ;  wliilu  as  regards  the  other  process  it  may  bo  continuously  carried  on, 
t(M:k  of  Ixjer  kept  ready  for  use  can  thus  be  consideral)ly  decreased.  Sur- 
lentation,  however,  is  the  only  plan  for  preparing  briskly  foaming  and 
«rs.  Torter,  stout,  and  ale  could  be  brewed  as  well  by  the  sedimentary 
■although  in  the  English  climate  this  process  would  l>e  mc>i*e  difficult  to 
{ucceasfuUy — but  the  main  reason  why  the  surface  fermentation  is  em- 
r  Englinh  malt  liquors  is  that  this  methcxl — by  a  gi*eat  saving  of  time — is 

The  phenouiena  of  the  surface  fermentation  are  similar  to  those  of  the 
iiry,  with  the  excei)tion  that  the  process  is  by  far  more  violent,  the  froth 
more  to  the  sui-faco  of  the  wort.     The  yeast  is  employed  in  the  same 

An  ingenious  contrivance  is  adopted  in  the  London  broweiies  for  the 
)f  cai*r}'ing  off  the  yeast  from  the  beer  after  it  has  undergone  the  process  of 
tion.  The  wort  is  ])laci>d  in  large  hogsheads,  or  rounds^  the  tops  of  which 
with  wooden  troughs.     Into  these  troughs  the  yeast  runs  as  it  rises,  and 

away.     The  beer  now  becomes  clear,  and  is  pumped  into  the  stone  yats. 
28 
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ateam  nrvwiPgr.       Tl^e  extennive  application  of  fiteam  to  thv  matiiiliicttire  of  1 
luid  aloobolic  spirita  hu«  juriven  riso  to  m»ny  eufr^t«tioiiH  for  the  i«ul>i»tittition  | 
8te4itn  for  din*t  firinjyr  in  brewiujcr.     The  heating  is  otibrted  by  a  ^yt>tem  of  i 
to  that  <ie8t!nl)«l  in  the  prepaid tion  of  beet-root  sii^rar   (»''ep*377).     In  br- 
cvfT,  thoug^i  much  wuiitd  bo  gained  by  mufonnly  heating  the  wort«,  and  \r^ 
chancea  of  biirniiiiLrf  tht^re  would  not  entfuo  any  ifreat  C'CouomiHiug  of  fii  i  . 
labour  might  t>e  saved,     Stt'aia  could  not  be  employed  dire<tly  without  a  wonsem  vH 
iM  the  condoiiaation  would  cause  a  grt-at  dilution  of  the  ma&h.  ' 

coiwocupnu  r.r  tu-ft  Thu  constitiieota  of  a  normal  beer  propared  fiom  maJt  and  h 
(not  fi-*)m  substitutes)  a r«  :— A kobol,  carbonic  acid,  undeeom posed  dextroee,  d 
trine,  oonsiittionta  of  the  liop«  (oil  and  bitter  sulwtance^  no  tannic  acid}«  pml 
uubstAnoeB,  a  small  quantity  of  fat,  some  glycerine,  and  the  inorganic  matt« 
the  barley  and  hops.  The  acid  reaction  which  a  normal  beer  exkilits  alter 
carbonic  aciil  bos  bcQii  expt^lled  from  it  by  boiling  i«  due  to  succinic  and  lactic  lui 
with  traces  of  acetic  aiad,  and  perhaps  propionic  acid*  The  sum  of  all  th*?  con 
tuont^  of  a  hmv  after  the  abdtniotion  of  the  water  i^  termed  the  total  content*; 
sum  of  the  non-volatile  conatitnents,  the  extractive  contents.  Beer  rich  in  i| 
extract  is  teniied  nob,  fiit,  or  foil-bodied  beer;  and  that  which  is  poor  in  extfl 
but  contains  mtich  alcohol,  the  wort  having  been  rich  in  sngar  which  has  allli 
convedcd,  ia  termed  a  dry  beer. 

The  proportion  of  alcohol  in  beer  can  be  estimated  by  dUtillation  and  the  toi^ 
of  tho  distillate  with  an  alcohol omoter^  or  by  means  of  an  ebulliosco]N>,  of  % 
the  help  of  a  va[>orinieter  (see  Winc-tcating,  p.  394),  The  following  tabic  ilk 
the  average  weight  per  cent,  of  the  alcoholic  contents  of  sereml  beers  :— 

Per  cent. 

Wii-tssburg  lager  beer  (1870) 4  0^4*3 

schenk  beer ,     ».      ,,     ,,         j-j — 4*4 

41 

4*5 

4'4 

43—5*1 

3 -a— 4-0 

4*3—4*8 
5'5— 70 

41 
36 
01  to  01  per  M 


Stuttgardt  lager  beer  (1865), 

Culmbnch  lager  beer  (18^5) 

Cobiirg  lager  boor  . .     . .     . .     

Mnnich  lagor  beer , 

,,       scherik  beer      

Bock  (Miuiich,  1870) ,      

Porter  (Barclay.  Perkins,  and  Co.,  London,  1862) 
Strnsburg  beer  (1870)    .,      ,• 

Vienna  beer  (1870) 

Bice  beer  of  the  **  Rheniah  Brewery'*  in  Ment^ 
quantity  of  carbonic  acid   in   beer  varies   between 


*ii?ding  to  C.  Prandtl  (1868)  dextrose  ia  Ibund  in  beer  in  quantities  varying £i 

1'9  [wr  cent.    Tho  quantity  of  dextrine,  according  to  Gschwandler'a  analjl 

%  from  4*6  to  4*8  per  cent.      The  proportion  of  sugar  to  dextrine  ii  til 

nt.     T1)o  occurrence  of  protoin  substaneea  in  beer  haa  not  been  9uflldil 

ligated  to  warrant  an  exact  conclusion.     It  may  be  said  that  on  an  avei 

ract  contains  7  per  cent,  protein  substances,  from  which  Mtildcn 
\  of  beer  should  contain  5*6  percent,  albuminoufj  substancsos.     A,  % 

jund  that  i   Bavarian  maas  (  ^  i  '069  Litres)  of  beer  on    an  ap»ra^  cvioUfl 
^t«  VI  grms,  nitrogen;  and  Feichtinger  (1864)  obtained  from  i  Banurian 
*tal  Munich  beers  between  0*467  and  1*248  grms.  nitrogetn,     Succinii;  1 
and  lactic  acid  occur  in  Belgian  and  Saxony  beers  in  1arg«  qiauk^ 
occurs  in  Bavarian  becre  only  in  small   quantity.       The 
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iBtituents  of  beer  Iiave  received  great  attention.  Martins  obtained  from  1000  parts 
Bavarian  lager  beer  2*8  to  3*16  parts  ash,  containing  one-third  potash,  one-third 
oaphoric  acid,  and  one-third  magnesia,  lime,  and  silica.  J.  Gschwaudler  and 
Ptendtl  (1868)  found  an  average  extractive  contents  in  loo  parts  of— 

Parts. 

Schenk  beer  (Munich) 5'5 — 6*0 

Lager  beer  (Munich)      6*1 

Schenk  beer  (Wirtzburg       4' 6 

Lager  beer  (Wirtzburg) 4*4 

Bock  (Munich)        8-6— 9-8 

Salvator  (Munich) 9*0 — 9*4 

Bhenish  rice  beer 7*3 

Porter  (Barclay,  Perkins,  and  Co.,  London)     . .         5*6 — 6*9 

Scotch  (Edinburgh)       lo'o — 1 1  'o 

Burton  ale 14*0 — 19*29 

100  parts  of  extractive  matter  contain,  according  to  A.  Vogel  (1865)  3*2  to  35  parts 
ash  ;  100  parts  of  ash  contain  28  to  30  parts  phosphoric  acid,  i  litre  of  beer 
itains  o*57  to  0*93  grm.  of  phosphoric  acid. 

Lermer  (1S66)  subjected  several  Munich  beers  to  analysis  with  the  following 
suits: — 

I. 

'.  gr 1-02467 

perct. 
ctractive  matter  773 
cohol  . .  . .  5 '08 
organic  constituents  0*28 
itrogen : — 

In  100  parts  extract  11*15 
„  100    „    beer        0*87 

I.  Bock  beer.  2.  Summer  boer.  3.  White  beer.  4.  White  Bock  beer  (superficially 
mented,  obtained  by  surface  fermentation  from  malted  wheat).  5.  Another  sample  of 
ckbeer.    6.  Salvator  beer.     7.  Winter  beer. 

The  analysis  of  the  ash  of  five  of  those  beers  gave : — 

I. 

Potash 29-31 

Soda      

Chloride  of  sodium 

Lime     

Magnesia      11*87 

Oxide  of  iron       . .     . . 
Phosphoric  acid  . . 
Sulphuric  acid     . . 

Silicic  acid 

Sand     . .     • •     .  .     .  . 
Carbon 

100*33      101-47        98*03        99-08        98-91 


2. 

3. 

4. 

5. 

6. 

7- 

I-0I4I 

I-OI288 

I -0200 

1*02678 

1*03327 

I -0170 

perct. 

perct. 

perct. 

perct. 

per  ct. 

per  ct. 

4*93 

4*37 

4*55 

8-50 

9-63 

5*92 

3-88 

3'5i 

4-41 

523 

4*49 

3-00 

0*23 

0-15 

0-18 

— 

— 

— 

871 

12-19 

8-85 



6-99 



0-43 

0-53 

039 

— 

067 

— 

I. 

2. 

3. 

4- 

5- 

29*31 

33-25 

24-88 

34-68 

29*32 

1-97 

o*45 

2023 

4*19 

o-ii 

4*61 

6*00 

6*56 

5-06 

6*00 

2'34 

2*98 

2-58 

3-14 

6-21 

11*87 

8-43 

034 

7'77 

7-75 

i-oi 

o-ii 

0*47 

0*52 

0*84 

34-18 

32-05 

26-57 

29-85 

29*28 

1-29 

271 

6-05 

5-i6 

4*84 

12*43 

14*12 

7-70 

2-86 

8*01 

0*83 

067 

2-30 

5-20 

6*27 

0-49 

o-8i 

0-40 

0-65 

o»28 

CHEMICAL   TECHNOLOGY. 

^The  hi^b  iiaportnnne  of  heet^  botU  mi  HL'gatdH  its  mlue  a«  nttinrntol  aa  wcH  lai  ^ 

lie  enormouB  trade  done  in  tlib  article,  hu^   ^vtoi  ri^  to  ftttetuptii  to  find  pn^o^  idl  ' 
aitttblc  moans  for  testing  that  liquid  in  rei*ijeot  of  it«  quality  and  yurity. 

frTteOtif,      Tlio  oxpenmeiits  propoi*od  for  ascertaining  the  eti-eiiiftll  kswcfli 
I  ivom  ailultonititia  of  beer,  is  teroiotl  boer-toi*tiiig ;  it  is  deeiriible  tlut  tb^ 
KTatiyaa  should  be  eiiaily  executed  ami  Yit;l<l  suffic^iontly  reliable  result*.    1i»  ] 
ongth  of  11  b«cr  is  judge<i  ucconling  to  the  quantity  of  alcohol «  extra*. ti  aiwi  «»• 
rmic  ocid  it  contains ;  it  is  ovidentt  however,  that  an  intonate  knowknlg*!  of  thi 
I  eonstltuentfi  of  the  extract^  -viz.,  the  therein  coctftiiKxl  quantities  of  ci^'^ff!!?. 
hop  eoustituents,  the  by-products  of  aleuholic  teiinentation,  such  tts,  for  i3i*Li 
succinic  aoid  and  glycerine,   not   to  mi^iition   such  substan^'OS   ae*    ^ 
gluoose  and  glycerine  purposely  added  io  the  wort,  as  substitutes  foi 
mHaeace  the  quality  of  any  kiud  of  beer,  and  therefore  ought  to  be  dettiHiuiwit 
wheo  any  rigorously  exact  analyuis  of  that  liquid  is  wanted. 

Beer-testing  i5  etfected  partly  by  ascertiAiiug  certain  physical  qualities  ti  tl*  | 
beer,  partly  by  chemical  means.     To  the  former  belong  its  flavotir,  odour,  < 
consisteucyj  transparency,   specific  gravity,  refractive  power  to  lights   Ac. 
chemical  analysis  we  ascertain  and  detei'mine  the  imm  u  Late  coustitiieDt^ 
carbonic  acid,  alcohol,  extractives,  and  water*     The  carbonic  acid  contained 
bt^er  is  first  elimi Dated  either  by  repeatedly  pouring  a  quantity  of  beer 
tumbler  or  btuiker-glass  into  another,   care  being  taken  to  let  tho  beer  fkQI 
acme  height,  or  the  carlionic  acid  is  removed  by  shaking  the  liquid  up  in  a  botl 
pouring  it  out  of  the  same  and  into  it  again.     The  gas  ha\'ing  beon  driven 
8p*?cific  gravity  of  the  betsr  is  taken  by  means  of  the  hytlrometer  or  sacchar 
the  b«er  is  next  boiled  doii-n  to  half  its  original  bulk ;  next  there  is  add^d  | 
it  as  much  water  (best  distilled)  as  is  required  to  restore  the  liquid  to  its 
bulk,  and  of  this  liquid  the  specific  gravity  is  again  determined  ;  this  will  be  i 
great*?r  than  that  previously  obtained.     The  dilferencc  between  the  two  \ 
tions  ^nves  the  amount  of  alcohol  contained  in  tlie  beer. 

^"^"*  •ik^S™*^*^    Since  by  formentation  too  parts  of  malt  extract  yidd  50 1 
nloohol,  twice  tho  quantity  ot  alcohol  found  will  incLcate  the  quantity  of  malt  < 
act  necessiiry  for  it^  fiirmation.     This  quantity  of  malt  extract  added  to  tlul  tCfl  | 
tisting  in  the  bec^  indicatos  the  whole  uf  the  malt  extract  existing  in  tbt* 
ilbre  fermentation. 

^!nie  spec*ific  gravity  of  tho  beer- wort  becomes  lower  by  fermentation* 
fcuso  the  specifically  lighter  alcohol  is  formetl,  partly  by  the  loss  of  eomt)  of  ! 

ctive  matter,  and  partly  also  by  the  loss  of  the  substances  taken  up  in  thi^  ] 
\  decrease  of  the  specific  gravity,  or  atteHuation^  as  it  is  termed,  can  b»i  t 
her  directly  by  weighing,  or  by  moans  of  the  saecharometer.   The  degrttj  i 
'  tho  saecharometer  in  a  beer  fre^d  from  carbonic  acid  we  will  call  m  ;  the  ; 
fctract  of  the  woi-t,  p.     Subtracting  m  from  j/,  the  di^ei^enoe  (p  — m)  giv 
arrfif  atifmrntion,  which  is  the  gi^jat^jr  the  mere  thorough  the  ferma 
quantity  of  alcohol  in  a  beer  varies  in  direct  propt>rtif»n  with   the  ap 
fcion*    The  empirical  alcohol  factor,  «,  by  which  the  apparent  att^MiU 
multiplied  to  obtain  the  alcoholic  contents  of  the  beer  =;  A  in  w^^b 

Uwcently^  C.  Loyser  has  invontc?d  a  colorimeter  with   which,   by  me* 
of  iodine  (11  7  grniB.  itwline  to  a  litre)  jifter  having  brought  the  i 
itfon  with  wat4?r,  he  estimates  tlie  relative  degree  of  the  otiginiil  <  „ 
^Vi  i*  fully  d««<Tibed  in  the  ^  Jahre«benuht«  der  Chem,  Technoloigit'^  for  ] 
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cent,  [(p  —  m)  a  =  A]  becomes  tho  greater,  the  higher  the  original  degree  of  concen- 
tzation  of  the  wort.  For  worta  between  6  to  30  per  cent,  of  extractive  matter,  this 
ttiCtoT  varies  from  0*4079  to  o*4588.  The  alcohol  factor  can  be  found  by  the  follow- 
ing equation,  when  the  apparent  attenuation  {p  —  m)  and  the  alcoholic  contents  of 

the  prepared  wort  (A)  are  known;  then  a  =  f j.      With  the  help  of  the 

nloohol  factor,  a,  the  alcoholic  contents  in  weight  per  cent,  can  be  calculated.  A 
qoAotity  of  beer  being  boiled  to  volatilise  the  alcohol,  and  the  residue  having  been 
dilated  with  water  to  the  original  bulk  or  weight,  if  a  weighed  quantity  were 
operated  with,  the  specific  gravity  gives  the  quantity  of  extractive  matter  contained 
in  tho  beer,  which  Balling  terms  n.  The  difference  between  tho  extractive  matter 
oontained  in  the  wort  (p)  and  that  of  the  beer  («),  or  {p  —  n),  gives  the  actual 
aUenuation,  which,  multiplied  by  the  alcohol  /actor  for  the  actual  atttnuation  (6), 
likewise  gives  the  quantity  of  alcohol  contained  in  the  beer  expressed  in  percentage 

by  weight.  The  alcohol  factor  for  the  actual  attenuation  is  6  =  ( ] .  Sub- 
tracting from  the  apparent  attenuation  (p  —  m)  the  actual  (p  —  n),  the  difference  {d) 
in  the  attenuations  is  obtained : — 

dz=.{p  —  m)  —  (p  —  n)\  OTd=zm  —  w. 
d  is  known,  when  the  extractive  matter  contained  in  the  beer  (n)  and  the  saccharo- 
metrical  percentage  (m)  of  the  beer  free  from  carbonic  acid  are  known ;  d  is  the  greater 
the  more  alcohol  the  beer  contains.  The  alcohol  factor  multiplied  by  the  difference 
in  attenuation  gives  the  percentage  (A)  of  alcohol,  from  which  the  alcohol  /actor /or 
ike  difference  in  attenuation  can  be  obtainc<l  by  tho  following  etjuation  : — 

A 

c= 

ip—m) 
It  averages  2*24.    Finally,  with  the  help  of  c  the  difference  in  attenuation  of  the 
alcoholic  contentsof  a  beer  can  be  calculated  approximatively,  even  when  the  quantity 
of  extractive  matter  of  malt  contain(?d  in  the  wort  is  nr)t  known.     The  apparent 
divided  by  the  actual  attenuation  gives  a  quotient  (d),  which  is  the  ratio  of  the 

attenuations,  d=^     ^*  and  can  be  calculated  with  the  help  of  the  alcohol  factor 
p  —  n 

for  the  apparent  attenuation  («),  and  of  the  original  extraotivf^  contents  of  the  wort 
(p).  First— (a)  is  obtained  by  tho  division  of  tho  aU^ohol  factor  for  the  actual 
attenuation  by  the  corresponding  attenuation  quotient  or  ratio.  Assuming  the 
alcohol  factor  for  the  diffidence  in  attenuation  to  be  =  2*24,  and  next  doubling  the 
approximative  alcoholic  contents  thus  o])tained,  we  arrive  at  the  (juantity  of  the 
extractive  matter  of  tho  wort  frf>m  which  the  alcohol  was  fonnod.  Adding  to  this 
the  extract  yet  met  with  in  the  beer,  the  sum  thus  found  exprcMes  tho  approximate 
percentage  of  the  extractive  contents  of  the  wort.  When  (p)  has  thus  been  approxi- 
mately obtained,  Balling's  tables  give  the  corresponding  attenuation  quotient  q, 
Teckoning  all  decimals  alwve  0*5  as  units,  and  neglecting  those  under  0*5.  If  only 
the  original  concentration  of  tho  wort  (p)  is  to  be  C4ilculated,  the  percentage  of  the 
alcohol  of  the  beer  may  be  obt^iined  from  the  efjuation  to  the  actual  attenuation 
A:=(p — n)  b.  If  the  degree  after  fermentation  is  975  (or  16*29  —  6*54),  the 
««/v*harometrical  percentage  (see  p.  363) 

_    975    _ 
16*29 
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Focii»*fB*«rTr.t,  HalUmftriml  Beer  Te^f.— FucWa  %mU  based  upon  the 
that  the  beer  lias  been  brewed  from  malt  and  hnps  only,  starts  f 
that  100  parti*  of  wutor,  ludt^peDdeiitly  of  tenij>erature,  dia^olve  j6  pcirte  of  jm 
tommon  salt  (=2778  :  i),  and  that  a  fluid  diasolvos  thw  l^sa  salt  Ibt*  jarrmtrr  tl 
qniintity  of  aleobol  and  extractive  matter  it  coiUalxl 
It  if!  thcrcforn  possible  to  t^tiitiate  by  tiiid  t?i*'«»if»ti 
q^uantity  of  wut^jrin  a  beer  by  dtiturralnmjf  tli 
of  oounaoii  sal  t  which  r«Tn«unsi  imdisj^ol viml ;  r 
by  means  of  tbe  halhmotcr,  Fig,  2J2,  an  iastrumimt  ai< 
eistinf,^  uf  two  glass  tubes,  one  vory  wid**  aod  ctjj>-»h«j«i 
the  other  narrower  nud  attached  to  the  bottuui  of  tj 
forni€^r.  The  sin  alitor  tube  is  so  graflaatwl  thjit  tl 
birgcr  dirisiona  corre&jfiond  to  a  quautily  of  5  trmtn* 
common  salt,  whib?  the  smaller  diinsions  ciir  ^^ 
I  grain  of  salt.  In  all  ballimelrical  expenn 
Tory  ossentiid  that  the  piilvctria<?«l  common 
always  as  mueh  ob  possible  of  the  shihg  di* 
fineness »  while  care  has  also  to  bo  t^koti  that  1 
stance  be  reduced  ttj  its  smallest  built  when  put* 
tbe  tube  by  gf?ntle  taps,  so  oa  to  exfx*!  air.  tind  tfci 
cause  the  salt  to  occupy  exactly  the  sjmv* 
for  it.  It  is  tJwrofoTO  rc^qudred  to  pass  tht*  j 
salt  through  a  wire-piuze  siev^*,  afl-er  which  lUv  ff 
pamd  salt  is  kept  for  use  in  a  «,'lass-stopjM.red  IxrttI 
The  testing  rcqaiTi38  two  experiments.  By  the  tirst  is  estimated  tho  itminuit 
water  to^^ethor  with  the  entin?  quantity  of  carbonic  acid»  alcohol,  and  <rxtt 
matter  containiH)  in  the  sample  ;  while  the  second  wxponment  give«  the  q« 
of  extractive  matter,  which  wh«?n  the  carbonic  acid  is  deducted  from  tb«1 
contc^nts,  yiebis  the  amount  of  alcohol  contained  in  the  beer.  The  aU: 
not  anby  drwus»  but  is  mixed  with  a  eoilain  quantity  of  water.  1000  grains  (62'>  | 
of  the  beer  to  be  testtid  are  pnure<l  iJito  a  flask  with  330  grains  (20-46  griTT^  ^.r  *i 
common  salt.  The  flask,  hgbtly  closed  with  a  stopper  or  oork,  is  f 
agitated,  and  having  been  placed  on  a  water-bath  is  heated  to  3S«».  After  ^j\  t*.  > 
minuh^s  tbe  ibusk  is  removed  from  the  water-bath,  the  cailxmie  acid  l*« 
expelled  by  gently  blowing  into  the  flask,  which  is  next  winghed  ;  the  li»«s  of  wis^ 
indicates  tbe  quantity  of  c^vrlwuic  acidj  which  in  good  beer  averag^es  i  5  p^i^ 
TliP  mouth  of  the  flask  having  been  closed  with  the  thumb  is  tumt^  upai 
down  m  order  thereby  to  collec^t  any  non-dissolved  salt  in  the  neck  uf  th»  ^m 
and  the  salt  along  with  the  fluid  transferred  to  the  hallimetor,  the  noti-dj 
solved  salt  settling  down  in  the  graduated  tube,  this  movement  being  fnvmdk 
by  gi-ntly  shaking  the  instrument.  As  soon  as  the  volume  of  tho  uudisacdrcd  0 
ti'usca  to  increase,  the  number  of  grains  is  read  off"  and  deduct€>d  from  330,  il 
(][ir 'rence  being  tlio  number  of  grains  dissolved  irom  which  the  quantity  of  wm 
present  is  calculated. 

Exampki  1000  grains  (=162*5  fTms)  of  beer  dissolve  330 —  18=312  jeTaiui  oovM 
iolt ;  therefore  these  1000  grains  of  beer  contain  866*6  grtdna  of  water ;  for 


361 


100=  312  :  s, 
*=J466'6 


D —  866-6  =:  133*4  grams  indicate  the  total  quantity  of  carbonic  add,  < 
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■ad  alcohol  present  in  the  beer.  If  the  contents  of  the  flask  by  heating  have  lost  1*5 
gnins  in  weight,  the  extractive  matter  and  alcohol  together  amount  to  131*9  grains. 
The  second  experiment  is  now  made  to  estimate  the  amount  of  extra<?tive  matter.  For 
tibia  pnipose  1000  gri^ins  (62*5  grms.)  of  beer  are  weighed  off  and  iwured  into  a  flask,  and 
boQed  down  to  half  the  quantity,  that  is,  500  grains.  Both  the  carbonic  acid  and  the 
aloohol  are  driven  off.  180  grains  of  common  salt  are  now  added,  and  the  experiment 
|iroceeded  with  as  before.  Supposing  180  —  20=  160  grains  of  common  salt  to  be  dis- 
•dTedy  there  will  have  remained  444*4  grains  of  water ;  for 

18:  50=  160:  X 
.  • .     j;  =  444*4, 

liluch  shows  the  quantity  of  the  extractive  matter  to  be  55*6  grains.  If  the  preliminary 
estimation  of  the  carbonic  acid  has  been  correct,  the  quantity  of  alcohol  contained  in  the 
beer  will  be  76*3  grains,  for  133*4  —  55*6  — 1*5  =  76*3.  This  correi*ponds,  according  to  a 
table  published  with  each  in^trumeut,  to  42*27  grains  of  absolute  alcohoL  The  beer 
would,  therefore,  contain  in  xooo  parts : — 

Carbonic  acid i  '50 

Free  water       866*60 

Combined  water      34  03 

Extractives      55"6o 

>^                          Alcohol     42*27 


I  06 

7*28 
387 

4*18 

306 

11*22 

12*10 

1*70 

6-26 

6*23 
22*89 

6*72 
2471 

13-21 

4851 

5229 

The  hallimetrical  assay  of  beor  is  entirely  worthless  when  beer  is  made  with  the  addition 
of  glucose  or  glycerine. 
Bv-fTOdQctaof  the       Among  the  by-products  of  brewing  the  residue  of  the  mash  tuns  is 

Brewiag  Proccas.  perhaps  the  most  important.  100  parts  of  kiln-dried  malt  leave  on  an 
•rerage  133  parts  of  residue,  which  b^ing  dried  at  the  temperature  to  which  the  malt 
was  subjected  give  33  parts.  It  is  used  as  fodder  for  cattle  under  the  name  of  brewers* 
grains.  This  material  yet  contains,  in  addition  to  the  huHks  and  celluloHC  of  the  grain, 
undecomposed  fatty  matter  and  protein  substances,  upon  which  its  value  depends. 
Exhausted  mashed  grain  from  a  Munich  brewery  used  to  prei)aro  summer  beer  (by  the 
thick  mash  method)  had  the  following  composition : — 

Wet  Grains.        Air-dried,        Dried  at  100**. 

Water 

Ash      

CcUidose 

Fat      

Nitrogenous  nutritive  matter . . 
Kon-nitrogenous    nutritive  matter 

lOO'OO  lOOOO  lOO'OO 

The  rootlets  and  plumules  of  the  germinated  malt  present  in  the  proportion  of  about 
3  per  cent,  of  the  weight  of  the  dried  malt,  form  a  very  concentrated  and  rich  fodder. 
According  to  tiiie  analyses  of  Soheven,  Way,  and  Lermer  (Huugarian  barley),  tiie 
following  is  the  composition  of  that  substance  : — 

Scheven.  Way.  Lermer. 

Water 7*2  3*7  10*72 

Ash 6*8  5*1  691 

Cellulose 17-0  18*5  — 

Protein  substances        45*3  489  32  40 

Non-nitrogenous  nutritive  matter        23*6  23*8  4977 

The  sediment  of  the  cooling  tun3  (see  p.  414)*  part  of  whi..h  is  used  as  fodder  and  part 
in  the  preparation  of  brandy,  amounts  to  about  3  per  cent,  of  the  wort.  Tlio  aner< 
waahes  are  also  used  in  malt  spirit  making,  as  well  as  in  the  preparation  of  vinegar.  The 
thick  mash  processes  yield  an  aft^-r  wash  containing  from  4  to  8  per  cent,  extract^ 
while  by  the  infusion  methods  tliis  amounts  only  to  2  to  3  per  cent.  Much  of  the  yeast 
formed  during  brewing  is  employed  in  bread-making,  as  well  as  in  the  mauufactore  of 
vinegar  and  brandy 
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The  Prefakation  or  Bibtillatiox  of  Spmire 
Since  alcohol  happens  to  bo  in  almost  all  coiintrie®  an  article  wHch  ifi| 
nearly  puro  state  (thiit  is  to  say  moro  or  leas  diluted  with  wator)  is  a  flaid  osimI  Bi«8  ^ 
artifle  of  coiisiiuiption,  and  theretbre  very  proporly  Biibinitted  to  a  moro  or  1 
hoavy  duty  or  imjiosfc,  the*  modo  of  mainufuctarinpr  ftlct^hol  on  tlio  large  scale,  i 
the  raw  nmtorials  from  which  it  ie  obtaint^d,  vaiy  in  difffrent  countries,  and 
quently  thoso  eombtions  very  greatly  inflBence  the  industry  of  alcohol  prrjdti 
When  a  fluid  contiiiniug  alcohol  is  distilled,  alcohol  and  wat«?r  are  eullectod  in  f 
receiver,  while  thu  iinn-TolatilQ  uoustituents  remain  in  the  retort  iu  4i  consent] 
condition.    Tliu  act  of  distillatiuu  of  au  aleoholic  fluid  is  termed  tho  Innutieii^* 
the  product  of  the  operation  i»  desdgnated  as  brandy,  a  fluid  which  oontaios 
average  from  40  to  50  per  cent,  of  alcohol.   A  distilhite  which  contains  mare  1 
than   the   quantity  just   aUuded   to   L*  designated   as  sjnrita  of  wine,  or  ; 
apirit,      Originttlly,   that    ia    to   say  when    epirits   (now  8i>n»o   two   aud  a 
ceuturieB  ago)  were  first  commenced  to  bo  made  industrially  on  th*#  larg«  < 
it  was  only  made  for  tlie   purpose  of  l»eino:  drunk,  and  the  lic|UQr  pre{iat«4 
the  oompnrntivLly  dilute  etato  in  which  it  is  offered   fur   sale   for   con^cua]! 
More  receutly  (within  the  last  forty  or  tiilty  yean*),  the  use  of  alt^ohol  in 
branches  cf  industry^  (varnish-making',  ether  prepanition,  perfumery,  preparatMBil 
cordials,  liqueurs,  &e.)  is  so  groat,  thfit  aa  a  rule  diatiUer»  at  oueo  prepan^  iftiti 
alcohol^  which,  if  required  for  coiHUUiption  as  a  beverage,  19  suitably  ililuted  1 
sweetened  if  desired.     Since  the  distillntion  of  alcohol  has  lioon  carried  oa  00  1 
largo  scale  the   apparatus  have   beuu  very  greatly  im[>rov»*d :    nnd  thoae  qov  i 
UM  in  tlio  b©»t  arranged  die^tilleries  are  constructed  upon  1  •riucipliw, ' 

care  ia  also  taken  that  the  suiTelllance  on  the  part  of  thi  ifioers  ia  \ 

an  easy  task,  and  fraud  almost  impossible.     The  whole  ait  of  the  produdtmi] 
alcohol — its  ready  preparation  from  grain  (partly  malted),  from  beet* roots,  poti 
rofhjao  of  saccharine  liquora  from  Bugar  works,  the  proper  utilisation  of  tho  j 
of  the  ditttillatiou,  either  as  fond  fur  cattle  or  otherwise — is  now  brought  to  ad 
of  pei-fection  almost  unequaOed  in  any  other  branch  of  industry* 

^'iX^uxl'^::^Xi!:^^      The  formula  of  alcohol  (as  a  cheirncally  pm^  substuM*] j 
CiHeO,  or    ^  t|  {  O.     It  ia  a  colourless,  thin,  very  mobile  fluid  of  0*792  ip.  { 
boiling  at  78*3',  wliile  water  boils  under  the  same  atmospheric  pressure  ot  100* 
there  is  aflbi-d^Hi  a  meauB  of  ascertaining^  by  the  InMlmg-point  of  an  alcoholic  fluid,  t 
quantity  of  altxihol  contained.     Betwcten  o'  and  78*3°  (its  boiling-point),  alo 
expands  0*0936  of  its  volume,  while  the  coefiieient  of  expansion  of  imitcr  1 
the  same  degrees  is  0*0273.     The  ex|»anslon  of  alcohol  is  thus  3}  times  i^reatcr  I 
tliat  of  water  ;  and  thisiact  is  mode  available  in  alcoholouietr^\    Tho  t^niwon  ^| 
'f  alcohol  at  78 '3°  is  equtil  to  an  atmosphore,  whilo  water  must  bo  \ 
tMre  *>f  100*  to  obtain  the  same  pressure.    Thus,  the  variation  in  ] 
luiuLi  of  mercurj'  subjected  to  the  pressure  of  the^e  vapours  miiy  be  ma4o  I 
pure  of  the  quantity  of  alcohol  contained  in  a  fluid.     On  Ihis  priueiplt?  tiif  1 
^moter  (see  p.  395)  is  constructed.    Alcohol  is  roaddy  infLimniuble,  and  burttit  \ 
\  blue  flame  without  giving  off  soot.    Its  heat  of  combustion  ixvrrasponda  toyi^ 

^'There  is  no  equivalfnt  term  for  this  word  In  Englifth  nctUiw  alito  in  tbo  Frcnrh  la^ 
aftire ;   the   real  laeaniug  is   "the  firing,"    in   JJtitch   {bmnden)  ^    the  tenii 
iChmaan),  a«d  bramitry  (Dutch),  meaning  "  a  distillery.''' 
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imits  of  heat.  It  eagerly  absorbs  water,  and  upon  this  property  is  based  its  use  for 
the  proser\'ation  of  articles  of  food,  cherries,  and  other  fruit,  and  also  anatomical 
preparations.  It  mixes  with  water  in  all  proportions,  whereby  a  decrease  of  bulk 
if  the  mixture  and  increase  of  specific  gravity  is  obseiTcd — 

53*9  volumes  of  alcohol,  with 

49*8  ,,  water,  form  a  mixture  not  of 

103  7,  but  of  100  volumes. 

Alcohol  is  a  solvent  for  resins  (upon  wliich  property  is  based  its  application  to  the 
maaufacture  of  varnishes,  cements,  and  pharmacoutic^il  pr4*i>anitions),  and  also  a 
•olvont  of  inmy  essential  oils.  These  solutions  are  employed  oithor  as  perfumes,  such 
as  eau  do  Cologne,  or  as  li([ueurs,  cordials,  and  aqua  vitJC,  or  as  si)irits  for  burning 
in  lamps,  as,  for  instance,  the  mixture  of  oil  of  turpentine  and  alcohol,  so-called  fluid 
gas;  alcohol  also  dissolves  carbonic  acid  gas,  a  pro]>erty  made  available  in  the 
making  of  effervescing  wines. 

By  the  influence  of  certain  oxidising  agents  alcohol  is  convortwl  first  into  aldehyde 
and  next  into  acetic  acid,  as  illustrate<l  in  the  so-called  quii^k  vinogar-making 
process.  Alcohol  does  not  dissolve  common  salt,  and  upon  this  property  Fuch's  test 
(see  p.  422)  is  basfxl. 

By  the  action  of  most  of  the  stronger  acids  aide<l  by  heat  alcohol  Ls  converted 
into  what  are  tormr'd  ethers  ;  as  regards  the  action  of  sulphuric  acid  upon  alcohol, 
it  depends  upon  the  relative  quantities  and  degree  of  concentration  of  these  liquids, 
whether  Huli)hovinic  acid,  ether,  or  bicarburetted  hydrogen  gas,  be  formed. 
Hydrochloric  acid  forms  with  alcohol  chlorine  of  ethyl  or  hydrochloric  ether. 
Batyric  and  oxalic  acids  form  ethers  directly  when  heated  along  with  alcohol ;  but 
most  of  th«;  othiT  organic  acids  require  the  addition  and  the  aid  of  sulphuric  or 
hydrochloric  acid  for  this  purpose.  Alcohol  is  the  intoxicating  principle  of  all 
spirituous  liquors. 

**^  Mln'S-cmre!*''''''      Alcohol  is  alwavs  the  product  of  vinous  fermentation.     The 
manufacture  of  spirits  therefore  includes  three  principal  operations  :— 

1.  The  preparation  of  a  saccharine  fluid. 

2.  The  fermentation  of  this  fluid. 

3.  Separation  of  the  alcohol  by  distillation 

All  saccharine  fluids,  therefore,  or  those  substances  whif  ^h  yield  alcohol  by  formen- 
tstion,  can  bo  employed  in  the  manufacture  of  spirit;  and  all  inat<u*ials  so  euqiloyed 
contain  already  either  completely  fonned  alcohol,  or  cane  sugar  and  dextn)se,  or 
finally  substances  which  by  the  influence  of  diastase  or  dilute  acids  are  converted 
into  dextrcjse.  Su(^h  substances  are  stirch,  inuline,  lichenin<.',  pectin  conipojiinds,  and 
cellulose.  The  mw  materials  of  sjarit  manufacture  may  Ixj  generally  classed  in  the 
three  following  groups  :  — 

I9t  Oroup. — Fluids  in  which  the  alcohol  is  already  present,  requiring  only  distil- 
lation to  effect  its  separation.     Such  fluids  are  wine,  btier,  and  ciiler. 

2nd  Oroup. — Substances  either  solid  or  liquid  which  contain  sugar,  which  may  be 
either  cane  sugar,  or  dextrose  and  le\'ulose,  or  sugar  of  milk.  In  this  group  are 
included  the  beet-root,  carrot,  sugar-cane,  maize  stalk,  the  Chinese  sugar-cane 
{mirt^hum),  some  kinds  of  fruit — viz.,  apples,  cherries,  figs,  some  bciriea  (grapes, 
mountain  ash  berries,  &c.),  the  melon  and  gourd,  some  fruits  of  the  cactus  tribe,  the 
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fcg  fenoaetitation,  but  it  aretmges  23*'  C.    Wben  solficientlj  cooled  the  liqtiid  is  placed  m 

H4.  Tke  FrfmetttatioH  of  the  Hn^h. — ^The  fermentation  vftt  is  general]  v  mode  of  woi>d  and 
^Bmetime^  of  stoite.  Tlio  first  poMsoAHCfl  the  propertv  *>f  retaining^  tne  h«it  for  a  lotig*eir 
Bmt,  and  for  the  same  reason  Lnrjure  vcms*^!**  lire  prfforrfd.  Tli*'  capricity  seldom  uxcei:xlfl 
^■BD  litrt-s.  Either  beer  yea«t  in  itw  fluid  cniidition  or  dry  yei^t  i>*  UM»d  to  nt't  up 
HBkentutirm.  Thr^  latter  is  tiiixo<l  with  wtirni  watt  r  Wforc  boiiijjr  nd  li*tl  to  tho  cunti  nt»  of 
^Bfi?ntif'ttt4ition  tanks.  Of  the  fluid  bcer-yenst,  ther*?  i8  u.^uftlly  iakvu  to  looo  Utres  of 
BbtmIi  S  to  10  Utruj*;  while  for  3000  litre*  of  tua^h  15  to  20  litres  of  j^vint  «re  a  suftioieiit 
Hoantitj.  Of  the  dry  yea«t,  ^  a  kilo*  is  employed  to  1000  litres  of  mii.Hh,  or  i  'kilo,  of 
Keafit  to  3000  litros  of  moidi.  In  lar^  rjUstillenes  artificial  yeaat  is  »oinetiiii(*s  employed,  ^ 
B*  beer  Tpast  of  the  reqiiisit*>  qimlity  ranuot  always  be  procurtnl  at  n  remiirioriitivi*  prif«.  ^ 
HThe  mode  of  adding'  the  yeast  in  the  same  as  that  eniploy<-d  in  breweries.  After 
■toodinK  3  to  5  houn»  the  ti-riipcraturt!  of  the  mash  will  huve  incrt^aac*d  to  30"*  t<*  32°. 
Pburlnmit:  acid  is  then  given  otf,  and  the  heavier  sabstnne^i^  settle  to  the  bottom  of  the 
jfcanlr  Thiii  contimica  for  about  four  days,  when  the  clear  fluid  may  be  ooneid^red  ready 
Mbe  fiurtlier  operations. 

■pihfv«mi>.>uto««.  Fotiitoes  eongist  of  about  28  percent,  of  Avy  eubstances,  21  per 
^EttL  of  which  is  starchy  with  2*5  per  c^nt.  of  alb mni nous  matter,  atid  72  per  cent, 
■f  wati^r.  Tho  active  prineiple  under  thn  influDuee  of  which  tho  starch  is  converted 
Hito  dextn>se  \&  diastase,  but  this  substance  is  not  lound  evou  in  Win  gemiiiiatetl 
Hol&to.  It  therefor©  becomes  necessary^  in  order  to  convert  tho  stairehof  tho  puta- 
Hies  into  dextrose,  to  add  malt,  or  to  treat  the  ]K)tatoeB  first  vdih  dilute  sulphuric 
Bedd.  Accordingly,  the  prr«puratlon  of  a  lU^^Hh  from  potatoes  nuiy  1h3  performed  by 
Hither  of  the.se  two  operations,  Tho  former  is  that  most  generally  employed.  Th© 
Hreparatiun  ordinarily  intludes  the  following  operations  ;^i.  The  wu^hmj  and  boil' 
Um  0/  <A*  pela^xyr.— Before  the  potatoes  can  bo  boiled  or  steamed^  they  must  be 
^kpi8(4d  from  the  adhering  earth.  After  tho  WMsbing  the  jKitatoea  are  boiled  with- 
^^^^reviou^^  paring.  Finally,  they  are  steamed,  z.  The  dntppfttfj  0/  the  hoiltd 
Hs^oe/t.— Aa  soou  as  the  iroiatoes  are  boiled  they  are  placed  in  a  c  hoppiuii^  machine, 
Hbd  cut  into  small  pieces,  cure  being  taken  to  keep  them  hot  by  the  aid  of  steam, 
Ho  thjit  the  cut  up  itviiss  udnui'3  of  being  readily  mixfd  with  hot  water  into  a  unifonu 
^maas,  which  is  the  b«at  condition  for  the  pot^itft  starch  to  be  most  teadily  converted 
HllO  dtfXtroso.  In  some  t^ses  the  boiled  potatoes  are  passed  betwe^^n  two  hollow 
HH^iton  cyhnders,  the  axles  of  which  aro  so  arranged  and  fitted  in  ft  tiame-work 
^Blb  fwlmit  cif  the  cylinder!*  Imng  moved  in  an  oppot^ite  direction,  and  thus  capable 
fe'  t'le  boib^il  pnt^itoes  into  a  uuifonn  mash.     3,   The  mashimj, — Alter 

It  i  the  grain  or  dia!itas4:j-eont^uning  mnteriul,  the  mashing  proce<Mls  as  in 

llbe  case  of  malt     The  grain  or  malt  added  is  sometimeB  rye  malt,  sometimes  barley 
^Diilt,  aud  gt^uentlly  a  mixture  of  the  two.     Green  malt  baa  greater  power  of  c-on- 
version  than  air-dried  malt,  ultimately  producing  a  larger  quantity  of  alcuhoL   Tho 
proportion  of  bruiiwxl  malt  to  he  employed  %^ariea  in  many  im*tnnces  ;  while  in  ftom© 
CBMt^  only  2  to  3  per  cent,  of  bark*y  as  malt  is  added  to  100  parts  of  potatoes;  in 
N  o-s  10  ptir  cent,  is  used-     A  medium  quantity  Ictween  these  two  ex- 
ult 5  i»er  cent.,  is  fierhaps  that  most  in  use,    too  jiarts  of  potatoes  con- 
:  ag  about  20  per  cent,  of  starch  yield  on  an  average  17*3  parts  of  dry  extractive 
.,     >r  in  the  mash  wort,  5  parts  of  barley  malt  yielding  3  paits  of  dry  malt  ex- 
trj*'  t ;  the  yield  of  spirits  has  therefore  to  be  calculatw*!  from  these  two  substances, 
"  '     ri  a  thick  mash  of  pofaitoes  is  made  a  dilfercnt  proportion  of  the  dr^'  stibstancea 
H  wuter  to  be  a<lded  is  obtuintd  from  that  which  obtains  when  malt  or  row 
(uJiiJialted)  grain  is  made  into  a  mash  ;  these  proportions  are  in  the  case  of  potat4X;s 
mA  I  :  4*5,  1  :  4,  even  i  r  3,     It  is  clear  that  the  large  quantity  of  water  contained  lit 
potatoes  (w3s.p  72  to  75  per  cent.)  has  to  bo  taken  into  account. 
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The  operation  of  cooling^  is  performed  na  already  described,     THule  llse  i 
plnocd  ixx  the  cooling  vesaols  it  undorgoos  changes  v'hicK  are  paHly  ^voittmb.^  I 
partly  unfaFOurable  to  the  yield  of  alcohol.     The  increase  of  sug^r  is    t  < 
favourable ;  this  increase  can  only  be  ftccouoted  for  by  the  action  of  Um 
compoUDda  contained  in  the  malt,  whert*by  the  dextrine  is  conrerted  into  I 
All  albiimLnouiifitibgtanceif  possess  the  propt»rty  of  converting  stardi  into  \ 
and  this  the  more  so  if  the  alLuminouii  substances  are  ihi?maelTeB 
state  of  decomposition.     Blood,  biiun,  albumen  of  malted  barley,  aalivs^  \ 
state  of  incipient  decay,  are  all  capable  of  converting  starch  into  dextrraie, 
Mulder  suggests  that  the  word  diastaae  should  be  banished  from  sci^noc,  and 
substituted  that  of  i^tareh  converter,  he  is  right  in  a  scientific  sense, 
diastJise  does  not  exjift  im  a  chemical  body  by  itself;  but  tho  word  diftKbww  I 
conveniently  used  in  teclmology  for  the  purpo^  of  indicating  an  albananenHi  I 
vhich  being  itself  in  a  state  of  decomposition »  is  capable  of  converting  6Uivli| 
dextroBC.     Another  change  of  the  maah  con^sta  in  the  formation  of  U<lici 
always  readily  formed  from  sugar  under  the  influence  of  a  peculiar  ferment 
quantity  of  thiJ*  acid  is  increased  by  slowly  cooling  to  the  suitable  tempemtti 
Ibrmentation  ;  it  is  thorofore  best  to  cool  the  ma.sh  as  rapidly  as  possiibli'.  H1H14 
au  aqueous  solution  of  milphurous  acid  is  employed,  some  of  this  being  1 
mu«h  mixture,  the  c^tfect  being  the  prevention  of  the  formation  of  lactic  1 
thus  increa8»Ml  }'ield  of  tilcohoL 

*^'*  '^^'J^^f^^^'"''^      The  Preparatkm  0/  a  Mtuh    hy  means  0/  Sulphuric  AtuL^\ 
have  aln^ady  aoen  that  some  dilute  acids  are  as  capable  of  converting  staidii  m 
dextrose  us  the  so-called  diastase  cf  malt :  dilute  sulphuric  acid  is  u^nallyj 
Ibr  this  purpc»!^'.    Luplay  first  recommended  this  mode  of  preparing 
raw  potatoes  are  first  couvei'ted  into  a  pulp,  which  is  thixjwn  into  a  larg^ 
containing  wjit*ir.     The  ntareh  ceUs  separate,  some  ^ttling  to  the  bottom  \ 
vessel,  others  btjcoming  mixed  with  the  cellular  tissue  of  the  pulped  jk 
brown -colourod  sujK'rnatant  fluid  (wherein  is  al«o  contained  the  albu 
jiotatoeft,  which  would,  if  left,  interfere  with  the  action  of  the  sulphurio  scid  1 
the  starch)  is  firi^t  syphoned  ofl*.     This  liquid  is  given  as  drink  to  cattle^  <*r  il  I 
for  the  purposi*  of  nioiRtening  dry  f»>dder.    While  this  operation  i*  in  progr^c*  I 
is  heated  tn  the  boiling-point  in  another  vessel  the  requirod  quantity  of  dilotw  i 
phuric  acid,  the  boating  apparatus  consdsting  generally  of  steam  pipas^     Ta  < 
hectolitre  of  jx^talwa  fn^rn  1*5  to  2  kilos,  of  strong  sulphuric  acid  dilntsd 
3  to  4  litres  of  wut^T  is  usually  taken.     The  previously  more  or  less  wtiahMl  | 
potato  starch  is  gradually  and  by  small  quantities  at  a  time  added  to  this 
fluid.     The  boiling  is  continued  until  the  whole  of  the  stanch  aa  veil  m  all  < 
dextrine  are  »:^on verted  into  glucose,  tho  course  of  the  progress  of  th«  oonvtswGt^ 
being  ai^^certained  by  means  of  iodine  water,  while  the  insolubility  of  d^'xtrinfi 
al<Nihol  atfords  a  means  of  oflcei'tAining  whether  the  converaion  of  this  suli« 
complete.  A  sample  of  tho  fluid  when  agitated  with  alcohol  should  exhibit  no  1 
api»ojirance.     After  ub<  »ut  five  hours'  boiUng  the  formation  of  sugar  will  be  ism 
The  fluid  is  then  first  run  into  a  ve«»el  with  double  bottoms,  one  of  which  j 
pi.'rforate<l  with  small  holes  so  as  to  admit  of  acting  as  a  strainer  to  i^tain  ( 
tissue,  Ac,  after  which  the  fluid  is  run  into  another  veesel,  and  while 
neutraliseil  by  the  addition  of  chalk.     The  gypsum  haying  settled  down,  tli*1 
ij  again  transferred  tit  another  vessel.     The  wash  water  of  the  sedimani  i 
been  added,  tHe  liquids  am  ready  to  undergo  fermentation. 
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A4.  The  F^rmmMion  of  the  PuUito  Mash.— The  addition  of  yeast  to  tlio  cooled 
^■pAh  in  tliQ  ferniODtin^  vut  takes  plaeo  in  the  Buino  manner  an  with  malt.  To  100 
^Boo.  of  imieh  arc  julded  1  to  3  litrtjs  of  beer  yeast*  or  J  to  i  kilo,  of  dry  yeast.  The 
^hts^  tntksh  contains  boHid«is  the  husk  of  malt  and  grain  some  tic»dy  divided  eoUnlar 
^fea«  ;  tliese  suWtances  during  foi-mentation  are  carried  to  the  surface  of  th<i  nia«h 
^ftd  form  a  Bcunit  tbo  apitearunte  uod  l^okaviour  of  which  gives  an  opportunity  of 
^■d^ing  the  progreas?  of  the  feniicntation.  The  fermtmtation  is  said  to  he  I'egular  or 
^■PB^ilar ;  the  former  bepns  Bonio  four  to  six  hours  after  the  yeast  has  hoen  add«d^ 
^Kd  proceeds  in  a  regular  muniier,  the  end  depending  upon  the  quantity  of  yeast 
^■ied  and  upon  the  temper^itui^o.  Tlio  progress  is  quiet,  nut  violent,  the  scum  which 
^■iMSars  on  the  suifaee  sinking  or  lining  drawn  down  at  one  mdo  uf  the  vat  and  thrown 
^B  at  the  opposite  side,  while  bubbles  <jf  air  or  gas  appear  and  btirst  on  the  surface, 
^ni^  a-f*  bakera'  duugh  b<*avo8  under  the  influence  of  the  tV^rment.  Irregular  fermen- 
HtoicRi  ia  80  far  opposed  tcj  the  former  that  the  surface  of  the  mask  is  only  partly 
^Hltcred  with  irotlif  which  rcmainei  in  one  jjositioni  and  dues  not  move  of  itself.  The 
^Molt  of  ftuch  a  fermentation  is  generally  defective,  the  reaaon  being  the  incomplete 
^pecbftrification  of  the  mash,  the  addition  of  too  small  a  qujintity  of  yeast»  or  finally 
^■orking  at  too  low  a  temperature*  After  about  60  to  70  htjurs  with  a  regular  fer- 
H|taitiition,  the  immh  is  ready  for  distillation.  Reeeutly  largt^  quantities  of  spirita 
^Bire  been  prepareil  fruni  niaizu  and  also  fruui  rice, 

^b^i  ftwB  uoitu.  By  tlie  nae  of  those  vegetables  which  contiiin  aloohoU forming  bodies, 
Hteier  iii  the  shape  of  cane  sugar  or  as  dextrose,  the  marking  process  is  avoid&d,  and 
Hbe  prepariMl  fluid  i^  immediately  ready  for  fermontation  as  soon  as  the  saethariae 
^■dd  lias  been  compk^tely  s<|uoezcd  out  of  the  cells  wherein  it  is  rontninetl  in  the 
HpM^Jible.  The  great  advantage  of  the  preparation  of  spirits  with  the  avoiding  of 
^Bb  mashing  proeoas  is  too  important  to  be  overlooked,  anil  it  is  therefore  eleur  that 
Hmy  elfMrt  should  Ije  maile  to  snlistLtutG  for  the  starch-containing  vegetable  pn^Klueta 
Qioae  which  contain  sugtir,  the  more  so  as  it  has  been  recently  proved  in  England 
^Brfeelly  iJoBsiblo  to  arrange  this  industry  in  every  way  to  the  satisfai'tion  of  the 
^■csiae  anthi>rittea, 

One  of  the  most  importiint  of  suck  roots  is  the  sugar-beet  so  largely  employed 
in   thf*    Tnannfacture  of   beet-root  sugar,     Altheugk   it   woiibl   appear  to   be  a 
ter  to  oxtnict  the  juice  from  the  previously  puli>»>d  juice,  this  is  yet^ 
i,  hiding   even   the   large   quantity  of  juice,   vi/.,    96    per    cent,    of   the 

fi9lBi^ilt — a  difficult  matter*  biscauRe  tho  remaining  4  per  cc»nt,  of  8nb?*tance  have 
ill  the  properties  of  a  sponge  and  tenaciously  retain  tk<'  juice;  it  is  this  spongy 
nattily  of  the  solid  constituents  of  the  root  which  prevents  the  conversion  of 
the  whole  nxjt  into  a  sufficiently  wncentrated  mask»  If  it  were  possible  to  set  up 
feitiien tuition  in  the  tkivk  pulp  obtained  from  the  roots  100  kilos,  of  the  pulp  would  . 
yi«lil  6  litiv»  of  alcohol,  a  quantity  snffie'iently  large  to  Ui  remunerative  even  with 
m'  VBiy  low  market  price  of  spirits.  Indeed  it  is  maintained  by  the  advot^ates 
of  betft-WHit  ilistiUeries,  that  the  distillation  of  epint  is  a  m*tre  pmhtable  business 
thiiii  the  manufacture  of  beet-root  sugar.  In  Belgium  and  Germany,  distilleries 
mr^  fi^scpiently  to  be  found  attached  to  the  beet-root  fmarar  manufactories;  and 
ibe  combtuatif^  of  tke  iiidustries  possesses  the  advantage  that,  in  a  s«^ii!?on  when  the 
proporti<>n  of  sugar  in  the  roots  is  too  poor  to  yield  much  protit  to  the  manufacturer 
as  ^ugur,  he  may  ferment  the  sugar-containing  juice  and  obtain  li  fair  j^ield  of 
flpirit.     Beeti  to  be  available  to  tke  distiller  may  contain  only  5  to  6  p+^r  cent,  of 
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sugar ;  but  for  the  purposed  of  tho  manufacturer  of  sugar  they  muBt  oontun  ifi 
lofist  8  to  9  per  ocmt.  The  products  of  tho  tirst  distiUatiou  of  Uie  fermented  b«it» 
roots  c«:>ntiiin,  in  adtlitiori  to  water»  oils  knoWQ  as  fiieel  oils,  of  very  uiiplt^nsut^ 
tastti  and  smell  aud  of  poisonous  quality.  These  oils^  howovctr,  diaappeau  duiing 
rectification*  The  mothodjs  of  obtaining  the  juioe  ore  the  following  :— 
«,  Bj  palping  and 
0,  pTewure,  or 

b.  By  tieatment  in  n  centrifugal  mAchhie. 
By  maoeratloii^  or  by  i\m  dialytical  method. 

a,  Tho  eliecd  root«  being'  treated  with  cold  or  with  hot  water    (SiemtDiT  I 

Dubruiifaut » xuot1io(k)* 

b,  Tht?  sliced  roots  being  tre&tcd  with  hot  wa^h  from  fonoer  diatillatiang^ 

y,  Aocording-  to  L'^play's  method,  iKimewhat  modified  by  PluchuLrtT  the  rUc**!  mots  i 

silted  to  ferment II tiou   witlioot  pruvloua  extmction  of  the  juioe,   an*l    aW>  iritJ 

addition  of  yeast,  the  idcobol  beiug  afterwards  diHtilled  from  the  ftUuod  root4»  with  th^l 
of  steam. 
Bpiruji  fhnn  tbt  Br  f  rwdgcti       In  the  Eiiat  Indies  the  wixim.  from  the  boiled  «ugHr,  the  mo 
of  tioiiar  »*iiaftt.:iur«        ^^j,^  ^f^  brought  to  fermeutatiou  and  the  fernMmU^l  fltiid  d«ti 
The  product  \n  in  the  Ea^Iith  «x»loniea   known   aa  Rum^  in  Httdftffmtear  siTid  the  I 
Franco  oa  GuiUItn^.     The  peouUar  aroma  of  mm  la  contained  in  the  p« 
difltUa  orer.     By  tho  fermentation  aud  distillation  of  tho  dcum  from  «' 
8  ttgar-c4me  jnire,  a  course,  »our,  dark  brown  or  blaok-coloured  «end  ti- 
obtained;  it  UVuowii  a^  Xr^ro  rum.     In  England  and  Genniuiy  rum  in  v.     |i      lUyi 
from  the  liiluted  mola^nes  of  tho  sugar  refineriea  fermented  with  yea^r,  ti,>     v  rm4 
fluiil  beioff  diatiUod  aft+?r  about  3  to  4  days'  fermentation.     The  aruma  pt^^uliiir  to  i 
i«  obtained  by  tho  addition  of  Pome  pelarg-onic  ether  or  easenoe  of  ptne-appl**      ~ 
xnola&KS  are  also  largely  nm<\  fur  the  purpoae  of  obtaining  «pirit««     By  it  -     " 
augor  molcwftesi  arc^  diifi  ;ult  to  ferment,   but  if  the  alkjilinity  of  thi-^ 
neutraUaed  by  the  addition  of  some  aulphuric  acidf  and  the  material  nc.«.  .n 
further  Addition  of  iteid  for  the  purpose  of  converting  the  e-ane  f^ugar  it  yet  may  luppl 
to  contain  into  inverted  sugar^  the  icrmcntation  may  be  rt*adily  *et  up  and  rvynil  irlv  pH 
eetni.    100  kilos,  of  molasapa  yield  on  an  average  40  htrea  of  spirit.    The  very 
odour  of  this  spirit  is  due  tt>'lii«ol  oU^  which  contains  amall  quatititvp**  of  prr^i 
and  amy  lie  alcohol,  pelargonie  acid,  and  caprylic  acid,  whik  '  ' 

to  this  lis+t  a?nanthic,  caproic,  and  valerianic  acida.     Tlio  reni 

for  the  preparation  of  pota«»a  (see  page  i  iS).     The  addition  ol    ...^ .,. 

the  efftx't  of  cm  verting  the  cane  sugar  into  an  easily  fermentable  su^ar,  but 
the  setting  up  of  lacdo  neid  fermentation. 

Bptntoftanwiii«  vkd  Hw.  The  diatillation  of  spirita  from  wine  is  chiefly  carried  eaJ 
France,  Spain,  and  Portugal.  The  yearly  production  of  spirits  from  wine^ 
French  brandy  {akool  de  vtn)  in  France  alone,  amounts  to  450,cicx>  he»?tcdtt 
85  per  cent,,  and  400,000  hoctolitros  of  60  per  cent.  Tho  qtmlity  of  tho 
inflii'octly  affectod  by  the  degree  of  ripeness  of  the  grapes,  and  directly  by  the  1 
bestowed  upon  tho  formc^ntation  and  distillation,  tho  more  or  le5«  intimut'O  niixt 
the  volatile  prindplos  of  the  wine  with  the  alcohol,  and  by  tho  age  of  tho  win**, 
wino  yiolda  a  spirit  of  better  quality  than  now  wine.  The  freshly  distilleil  brmndy  it 
colourless,  and  remains  so  even  when  bottled  ;  but  since  the  spirit  is  kept  in  oakatt 
casks  it  extracts  therefrom  some  colouring  and  extractive  matter.  The  bost  kimlscf 
bmndy  are  diEtilled  in  the  Departement  de  Charente,  and  the  brand  known  A 
commerce  as  Cu'jnac  (namo  of  a  tf:>wn)  is  the  most  valued.  From  tht?  oiare  tnt 
wine-lees  spint  is  also  distilled.  By  the  distillation  of  spirita  from  wiue  n  i 
is  left  in  the  retort  (tho  vinaMe)  which  contains  a  large  quantity  of  g^cerine  wh 
may  thus  be  obtained  as  a  by-product. 
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5.  DisiiUaU'on  of  the  Vinom  Mmh, 

Mh.  The  formented  maaK  (aa  obtained  from  potattres  13  a  mixture  ot 
lon-volatilu  and  yolatilo  subsUnoes.  To  the  firert  bcdongB  the  fibre,  malt,  liuske, 
nor^nio  salts,  protein  5ubstiinco3,  imdet^oinposeil  and  d(?e<>mp<>sod  yeast,  euccinic 
icid,  Lurtic  acid,  glycerine,  &q.  ;  to  tho  volatilo^  the  alcohol^  fusel  cal,  wiiter,  and 
tmall  quantities  of  acetic  acid.  The  volatile  constituent's  of  the  mash,  the  products 
of  tho  fermentation,  are  separated  from  the  non-v«»hitilo  by  Llidtillation,  during 
irhicli  the  volatile  oonstituentw  are  conveiied  into  vapour  aft*?rwanbi  cooled  and  eon- 
deoBed  in  another  vessel.  AYhen  a  vinoufi  mash  is  heated  to  the  bodinjr-point, 
rapouj*9  are  generat<?d  which  consist  oasentiaOy  of  ak-ohol  and  water ;  by  coiidensiug 
Hiaee  vapours  thei*e  is  obtained  a  mixture  of  alcohol  and  water* 

t  Water  boib  at  +  100*  C,  barometer  760  mm. 

Alcohol  „    ,,+78*300.,        „  „     „ 

mi^ht  be  thought  that  while  tho  boiKng-point  of  water  is  21-70'  C*  higlier 
It  of  alcohol,  it  would  fbllow  that  when  a  vinous  mash  is  heated  to  80' C, 
[jlily  the  alcohol  would  bo  converted  into  vapour,  the  water  rcniaiuing  behind.  But 
is  not  the  ca»o,  fur  under  all  circumstances  the  boiling-point  of  a  mixture  of 
oi  ami  water  is  higher  than  that  of  pure  alcohol  alone,  and  the  vapour  formed 
I  of  both  alcohol  and  water.  Tho  reason  is  partly  due  to  the  uffinity  of  alcohol 
B»r  wiiter,  paiily  also  to  the  fact  that  water  evaporates  at  a  lower  teniJerature  than 
ite  boiling- iKJiut ;  the  former  (aMnity)  retains  alcohol  and  prevents  it  to  escapo  at 
er  boiling-point  (78-3"')  in  tho  shape  of  vapour*  1£  thu  mixture  of  alcohol  and 
■  be  heated  to  its  boiling-point  (suppose  90°  0,)  much  more  alcohol  will  bo  con* 
I  into  vapour*  becA  use  its  boiling-point  is  lower,  while  of  water  only  just  so  much 
li  evaporated  as  would  be  the  case  wore  it  when  pure  t-o  bo  heated  to  this  tomp*.*raturG, 

E simultaneously  a  current  of  air  is  passe*!  through  it,  because  the  vajHjurs  of 
I  <yvolved  from  the  mixture  act  exactly  in  tho  same  munner  as  would  a  cuiTent 
;arried  through  the  mixture  of  alcohol  and  water,  the  former  substance  taking 
W  just  as  much  wat*r  as  will  be  volatilised  at  tho  boihng-point  of  th<>  mixed  liquida, 
th©  qnnntity  of  vapour  evolved  from  a  liquid  bears  a  direct  relatiou  to  the 
ipemture  of  that  liquid,  tho  quantity  of  aqueous  vapours  in  the  mixture  of 
OUT*  will  increase  according  to  the  increase  of  temperature,  until  at  last,  as  soon 
I  bQiliag- point  rises  to  tha*:  of  water  (^  100")  no  more  alcohol  will  be  present  in 
ouj^  which  are  given  off.  At  the  commencement  of  the  distillation  the  vapour 
^vefi  oflT  contains  much  alcohol  and  veiy  little  water;  presently  more  water  comes 
over,  and  finally  only  water.  It  m  therefore  quite  evident  that  we  cannot  by  distil* 
lation  s«-*pLinite  alcohol  at  ouco  from  the  rest  of  the  volatile  ct^nstituents  of  a  vinous 
tuash  liquor.  By  interrupting  the  distillation  at  the  proper  tiui<.s  there  is  obtained 
in  the  diatilltitc  all  the  alcohol  contained  in  the  mush  ah»ng  with  a  certain  quantity 
of  w.atcr,  while  the  residue  of  the  distillation  will  not  eonlain  any  ti'ace  even  of 
aLoohoL  Tho  liquor  obtained  by  the  first  distillation  is  generally  very  weak  alcohol, 
and  r»>*|uiics  further  rectihcation,  as  it  is  termed,  to  increaHo  the  proportion  of 
aicohoL  Tliis  r»*ctilic4ition  (another  process  of  distillation)  may  be  continued  till  the 
^iohol  contains  only  a  small  quantity  of  water,  which  can  only  bo  eliminated  by  the 
BB  of  Buch  substance*  as  huve  a  greater  affmity  for  water  than  the  alcohol,  which 
t«tainfl  that  liquid  veiy  tenaciously.    Anhydrous,  or  absolute  alcohol,  can  only  bo 
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obtained  hy  treating  lii|jli1y  rectified  alcohol  with  9omo  eubstanoos  which  hare  t_ 
great  utfinity  ibr  wutvr,  auuh  as  caustic  lime,  fased  cUoridi^  of  t'alctutn,  Ac*; 
really  ubsoluttj  alcohol  is  never  uaod  on  the  largo  scale  in  induj*try,     Tho 
portioni^  of  liqtud  obtained  by  tho  distil  la  tioii  of  vinous  mash  arc  rich  in  rdrohc^,  i 
tenned  fore-run  or  fir^t-run,  while  the  lawt  nortions  of  the  fluid  yet  oontnining  aJc 
aru  tenued  after-run,     A  doubly-roctifiod  alcohol  eontaiua  50  jwr  cent,  piu^  1 
but  by  means  of  r<^ctifieation  alone  a  stronger  aleohol  than  of  95  per  eeut.  en 
obtained.     The  residue  of  tbe  didtillatiou  is  called  fluid- wa»b, 

ThwoutiitiojrApiRirattti-    A  distilling  apparatus  aa  usually  employed   oonsisfU  ill  ^ 
gimplef^t  form  of  four  parts,  namely,  the  still  or  retort,  tho  hemi  or  cmp  of  thsi 
the  cooling  apparatus,  and  the  receiver. 

The  still  or  retort  U  geuemlly  conatruoted  of  sheet  coppor-  —  --  ■ ^*-    ' 

plates.    The  filiajK'  oi  the  ve4*S4:4  variCH,  but  in  g^cnendly  a  mun* 

Tided  with  II  round  opening  of  12  U\  14  incbcM  iu  diiimct^r,  tit(' 

in  h<*i^ht  forming  tho  ne'k,  on  whieb  the  cap  or  head  i)»  pluced-     The  bott*ir 

in  either  somewhat  bulj^^d  inwardsi  at  the*  centre  or  i*  qsiite  flat.     Tlie  r 

dititilhition  i«  removf*fl   through   a  wastc^-piiw?   fitted   with   a   stop-ccnk 

battt^m  of  the  vra«*'L     Ftoiu  tho  cap  or  head  a  pipe  ronvreys  the  voliitii 

receiver,  while  jutting  obliquely  from  the  top  of  tlte  still  ia  a  pipe  for  t; 

the  niftHh.     Tlie  heud  earrien  the  rapcmrs  fn>m  the  «till  into  the  oouIj 

appamtus;  althoufjrh  a*  «implt?  tube  niigbt  nuswer  thiw  purpose,  it  ia  y 

the  huad  tif  the  ptilla  hir^t?  mid  wide,  not  only  for  the  purpose  of  separi  1 

of  TOftJih  which  might  huppen  to  be  ranied  off  with  the  vapoiirs  of  the  i 

ah»<^  to  ohtain  a  dintiUattp  richer  in  alcohob  becauj*e  an  increasetl  eurfn.  r     -  ^ 

the  cooling  of  the  vn|H»urH,  whereby  thua  tho  nqueouH  vapour  is  fin*t  <    i    l   1; 

over,  large  bends  are  adrantagcous  in  ci&se,  by  a  rapid  evolution  of  vjiuMmi- 

might  buil  op  i;ji»nining)  ;  roomy  space  in  the  head  prevents  then  the  hquid  piuBsuiflro 

into  the  worm.     Since  the  volume  of  the  Tapours  dcercaM?!*  during  the  condenaatl" 

eamewhat  oonically'shapeil  head  would  be  the  best  form  for  thiii  i^oiiion  «>f  the  apip«l 

The  cooling  apparatus  \h  not  simply  devtinerl  to  convert  tho  vapours  cArried  into  it  \ 

the  herul  into  Equid,  but  it  m  also  required  that  tlds  liquid  Iw  wi  fur  cool^^d  dowa  1 

prevent— at  leni^t  ai^  nmch  a^  p08siUe — the  evaporation  *:if  tho  dintillat*? ;  th^>  eoude 

appartittie  should  not  be  too  roomy  ;    that  is  to  say,  there  should  not  be  too 

8paix'  f<.»r  the  vu pours,  becausie  this  would   cause  air  to   enter  the   cooling  »|ip 

and  thin  air.  whil?*  mixing  with  the  vapours  of  alcohol,  tarries  off  along  with  it  1 

this  fluid,  thereby  rjiUHing  a  loss  of  the  fluid.      It  is  also  requisite  that  the 

apparutu.H  Im*  strongly  made,  yet  at  the  dame  time  so  constracted  as  to  admit  of 

reaiily  tak'^n  dowTi  far  eleaimng  purposes  and  easily  fitted  up  agii^in;  ii^  -    '^ 

npparatuH— te<:hnieallj  ttrined  worm — oonsiets  of  a  seriea  of  ^rally  1» 

either  block -tin  or  mpptr,  «pldoui  of  lead;  this  apparatus  \»  placed  n 

or  metal  vat  containing  cjold  water,  or   as  in  the  mora  recently  constnii ' 

apparatus,  cold  vinous  maj*h,  whi(ih  is  thus  made  warm  previooA  to  being  tru 

the  still,  whereby  of  course  a  saving  of  fuel  is  efieeted. 

^^^^t>^^^^^    However  much  the  shape  and  detailaof  conatracticmof  the  npfamti 
with  the  aid  of  whieb  jstrong  alcohol  can  at  once  be  obtained  by  one  dist  1 
vary,  these  apparatus  all  agree  in  this  respect,  that  the  mixture  of  vap<iui 
on  their  way  from  the  still  to  the  oondonsor  bocome  continuously  richer  in  air 
that  on  reaehing  tho  crioling  apparatus  strong  alcohol  is  the  I'wult  of  tltu  op 
This  result  can  be  attained  in  two  different  ways,  viz, : — 

I.  By  causing  the  mixture  of  vapours  to  pass  repeatedly  through  olcobciHc  1 
fomn^d  by  tht'  condensation  of  the  vai»om*a  first  given  off ;  whim  aftd'wmiti  I 
temperature  inereiist'w  in  conneijuence  of  the  continued  rush  of  vjn»our»  into  1 
liquid,  u  now  proces,s  of  distillation  begins,  the  vapours  generated  by  it  being  i 
rich*,^r  in  alcohol  than  when  the  first  distillation  took  place  (principle  of  reciifi 

1.  By  so  cooling  th*'  mixed  vapour  that  the  water  only  is  coudenBedfr  the  \ 
pflaaing  on  as  vapour  (principle  of  dephkymaiion). 
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n,  in  fonner  days  (sixty  to  sixty-live  years  ago),  it  was  desired  to  prepftte 

:  aleoKol,  a  repeated  process  of  distilktioH  was  adopted ;  this  of  course  was  a 

ly  afiTair  both  as  regardg  consumption  of  materialB,  fuel,  Ac,  and  loss  of  time, 

^the  present  day  distillation  apparatus  are  generally  so  arraiiged  tliat  by  a  kind 

'  diss«i<!iation  of  the  mixture  of  vapours,  alcohol  of  any  desired  atrength  con  be  at 

ttc*  prt^j»»red. 

I(fli  of  the  recent  distillation  apparatus  may  be  considered  to  consist  of  the 
awing  parts : — 
%,  The  still  or  vessel  in  which  the  fermented  mash  is  placed. 

Two  condensing  apparatus,  one  of  which  servos  as  rectifier,  while  the  other 
apletes  the  condensation  of  the  products. 

A  dcphkgmator  iii  which  the  niiKcd  vapour  separates,  a  portion  of  the  water 
oniing  condensed  and  a  vapour  riclier  in  the  alcohol  being  carried  on  ;  this  latter 
med  intij  the  cooling  apparatus,  while  the  fonner  flows  back  into  the  stilL 
aong  the  many  diililllng  apparatua  employed  in  Germany  for  distilling  fermented 
mash,  we  propose  to  describe  tiiose  of  Doru^  Hstorius^  Gall,  Schwarz,  and 

I  AppAffttni.  Dorn's  apparatus,  Fig.  233,  consists  of  the  still,  a.  the  helm,  n,  which 
^  as  dephlegmator,  the  condensing  apparatus,  d,  and  between  the  still  and  con* 
Bmg  apparatttSi  a  copper  vessel  divided  by  a  partition  into  two  compartments, 

Fio.  233. 


aU  Ft  tlie  upper  of  which,  c,  is  termed  the  fore-warmer,  the  under,  f,  tlie  recti- 

ftr.     Connected  with  the  holm  is  a  small  condenser,  n,  for  tlie  purpose  of  taking 

);d  aamplc  of  the  distillate  wliich  passes  over.     The  fore- warmer  is  filled 

to  a  level  with  the  tube,  0,  and  usually  contiiins  as  niunh  niatih  as  is 

c**iiary  ta  till  the  sttU.     With  the  help  of  the  revolving  arms,  x  .r,   the  mash  is 

^m  tim*>  to  time  kept  stirred,  and  thus  equally  heated  throughout  to  about  85  ■  by  the 

nur  passing  tlirough  the  pipe,  i  i,  from  the  still.     When  the  distillation  is  finished 

\  wash  iwaste  residue)  is  run  off  by  opening  the  tap  a,  tlie  still  being  re-fiUcd  with 

|sh  from  tbe  fore- warmer.     As  soon  as  the  distillation  commefices  the  vapour  is 

Iidcnst'd  in  the  worm,  i  r,  the  coudeosed  Enid  flowing  into  p.     AVhen  the  steam  is 

I  longt?r  condensed  in  ^  which  occurs  as  soon  aa  the  mash  has  reached  a  certain 

aperutiir«t  the  vapours  pass  over  into  the  low  wine,  wiiich  thus  becomes  rapidly 
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IHatioQ  n^ftin  prf>cce«led  with.     The  low  wiuc  contmned  iu  the  vessel  f  flows 

lb  tbe  tube  J  or  r/  buck  into  the  still.     As  may  hts  soeii  in  the  cut,  Doru's  appa- 

\  has  not  a  separate  dephlegmator  and  only  one  still  or  retort.     This  apparatus 

rarely  used  for  distilling  mash,  hut  fre^juently  for  rectifying  jspirite. 

tiQa'i  ApixM-ftMu.       Pistarius  first  introduced  in    Germany   a  diisldiing  apparatus 

with  two  stUU  iTigi'iuouiily  connected  with  lectiiiciitors  ami  ilepMegraatora. 

||>eD  a  disUlUng  apparwtus  i^  refiuii-ed  wliich  not  only  extnicts  all  the  iiJcahol  from 

itftsh,  but  also  produL-es  the  olcuhol  in  a  very  pure   and  concentnitfiil  state, 

Lhi«  work  witli   the  least  possible   expcudilure  of   fuel    and    labour. 

brius*K  apparatas  answers  the  purpose  adnarably.     k  and  B,  Fig.  234.  represent 

vo  stills.     A  is  the  main  still,  which  is  eitht'r  placed  on  a  furnace  ami  heated 

tXKeiiy  by  fire  or  by  means  of  sttain,      l£eatiii|f  hy  Bteam-iJipes  instead  of  direct 

-'S  many  advantages.     The  second  stilL  b,  is  placed  at  a  somewhat 

;_  tlian   the    first,   and    when    not    heated   by  Bteani-pipes   is   situated 

I  ho  fine  of  Ute  furimce  fire  of  the  tirst  still.  The  main  still,  a,  is  fitted  witii  n 
0  helntt  l>*  fastened  on  the  still  with  bolts  and  nuts,  p  is  &  tube  projecting  from 
helm  and  provided  with  n  safety  vdlve  which  opens  Inwards,  in  order  to  give 
Ifis  to  air  as  aoon  as  towards  the  end  of  the  distilhition  a  vacuum  mi^^dit  ensue  in 
interior  of  the  apparatus  in  consequence  of  the  condtfusation  of  the  vap«>ura. 
rt!  is  also  connected  with  this  tube,  p,  a  small  condenser,  g,  aw  in  l>on)'i5 
^P]iamtns,  from  which  samples  BhoT*ing  the  progress  of  the  distillatitin  may  be  takpn, 
Mh.  both  stills  stirring  apparatus*  m  and  m,  are  fitted  to  prevent  the  mash  burning 
[ Uie  tube  jr  tlie  vapour  of  the  **  low  wine"  is  ndmittt?d  to  the  serofifl  still,  tli*^ 
bstQl.  From  the  helm,  p,  of  the  mashstill  a  curved  pipe,  «,  conveys  the  vapour 
I  mash  fore-warmer,  which,  as  in  Dorn  s  apparatus,  is  divided  into  tM^o  parts,  tLe 
E,  containing  the  manh,  the  lower,  ^  (the  '*  low  wine  "  cistern  > ;  the  vapour 
lending  along  the  narrow  pnsimge,  v,  to  the  rectification  appflratus.  n,  Fretjuently 
I  vapour  is  conveyed  to  a  third  still  before  entering  //  ;  this  still  is  not  shown  in  tbe 
ting.  The  rectification  apparatus,  if,  consists  of  two  or  three  conic  ally-shaped 
k'K  made  of  sheet -copper  and  connected  together,  and  is  provided  with  ti  cistern 

I  with  water,  w ;  it  is  connected  with  tlie  conclcnser.   u,  by  tlio  tube  0.      1'he 
J  jr  c;invey8  cold  wattnr  to  the  rectification  apparatus,  and  tlie  short  tube,  y,  does 

th«  fore- warmer.     The  pump.   P^  is  employed  to   pump  the  mash  from  the 

Im.  T^  to  the  fore-wanner ;  Uience  it  is  carried  to  tho  second  still,  imd  thence 

i  to  tJm  first  still.     Wlien  both  stills  and  the  fore- warmer  are  filled  with  inmK 

Bre  is  lighted  under  the  first  still.     The  steam  or  vapour  from  tlie  ma«h  in  a 

rs  to  the  mash  in  n,  which  is  thereby  heated   to  the  boiling-point.     The  still  n 

«j.  therefore,  the  purpose  of  a  roctificator.     Wlien  the  distillation  has  begun,  the 

el.  w.  on  the  recti ticator  is  fillc*!  with  e«ihl  water,  which  is  re-supplied  when  it 

bi^f'omc  wanned  by  the  parsing  vapours.   As  soon  as  the  steam  reaches  the  upper 

Bcalor,  the  real  distilirttion  commences.      The  condensed  fluid  drops  into  a 

t  in  which  a  hj'drometer  is  placed. 
iippttr«ini«.      In  most  apparatus  for  distilling  from  a  vinous  mash  the  distillate 

II  es  gradually  weaker  and  is  not  throughout  of  the  same  strength.     Gall  and 
lienbad  have  emkavoured  to  avoid  this  defect  in  their  appamtus,  Figs.  235  and 

I  IIS  to  obtain  a  more  uniform  product  diiriri;^  each  diist illation.     Two  stills  are 
[  in  a  suitable  manner  in  a  steam  boiler  and  the  stills  are  ooimected  with  tlie 
^mmtcur    (low  wine  cistern),     bb    are  the  stills;    c  is  ft  boiler  with  flues,  i  L 
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the  Btilla,  in  order  to  preveut  tlicm  cooling,  are  fixed  into  the  boikr ;  d  is  t  tJai 
«till  placed  on,  not  in,  the  boiler ;  e  is  the  low  wine  cistt^m ;  r  and  o  two  dqikli 
naators  or  separators  ;  a  ia  a  condenser  with  a  worm,  a.  The  ma^h  is  juit  6nrt  ta 
tlie  still  t>  by  raoana  of  die  tubi^  a  a,  this  still  serving  as  a  fore-w  armer  mul  i« 
fScator.  From  this  still  both  the  uiiils  b  b  are  filled.  From  tlie  builer  a 
steam  is  conveyed  tlirough  the  bent  tube,  h,  into  the  three-way -cock,  c,  v 
Stenm  is  either  passed  into  one  or  both  the  stilla  n  b  or  is  conveyed  upwajl-  U  t 
tube  d  to  the  vessel  destined  to  steam  the  potatoes.  The  vapour  firom  one  of  bvUi 
tlie  stills  B  B  proceeds  to  the  still  n,  and  thence  into  the  low  wine  cist^m^  t^  t| 
pn^aing  through  the  dephle;pnatorB..  f  and  g,  finally  enter  into  the  conden^r.   I! 

Fio.  235. 


pocnliarity  of  Giiirs   apparatus   consists  in  that  by  tlie  peeuliar  armugcn 
tubes  ami  slop-corks,  cai-h  of  the  two  iitilk  niay  at  will  be  broiit^bt  into  ad 
being  possible  to  tnm  the  steam  at  pleasure  into  tlie  ri^hl-band 
into  the  left  hand  still,  or  vwe  vma.      Each  atlU  may  be  also   di? 
wash    therefrom  discharged    and   re-filled    without  in  the  least  inii^mipti 
working  of  the  other  portions  of  the  apparatus ;   the  di**tiUfttion   can 
proceed  uninterruptedly,  one  part  of  the  apparatua  being  fiUed  uUiXo  ibc 
at  work 

scij^farii Appftraiaa,      SchwoTz's  appftriitus  is  in  very  general  us6  in  the  somtli-t 
^Germany,    It  consists,  Fig,  237*  of  the  steam  boiler^  d  ;  two  mRah  stills*  x  tad  \ 


oer,  c  ;  tlie  "  low  wme"  cistern,  or  receiver,  e  ;  the  rectififatora^  h  and  r;  and 

Dud&Qscr,  o.   M  IB  a  reservoir  for  cold,  n  one  for  hot  Trater.  The  st^^am  generated 

lie  boiler,  d,  passes  tlu'ough  the  pipe,  ^,  into  the  iinfler  compartraent,  a,  of  the 

le  Biill,  through  the  mash  contained  tliere ;  hecomiug  mixfJ  with  vapours  of 

lioh  it  arrives  in  the  helm,  z,  and  furOipr  makes  its  wiiy  by  means  of  the  tube  u 

the  upper  part  of  the  double  slili;    Oience  after  a  double  reetificalion  it  is 

by  means  of  tlie  tube  t  to  the  fere  warmer,  c;   tlie  upper  part  of  this 

provided  with  the  tubes  aaa  nets  as  a  dephlegmator  or  separator,  tlie  con 

.  fluid  flowing  into  f.»    Tlie  steam  which  arrives  from  the  upper  part  of  the 

passes  through  e.  and  tlience  by  way  of  tlie  tubes  a  a  into  the  lielm,  and 

lube  «,  which  latter  is  surrounded  witli  the  vessel  ii  kept  cold  by  means  of  cold 


lOTed  Uy  opening  tlie  tapt  p.  "By  means  of  the  tubes  qqq  the  rectificators  and 
densing  apparatus  are  supplied  with  cold  water.  TUe  warm  water  from  the  con- 
ler  ia  conveyed  bj  the  tube  r  into  the  boiler.  By  means  of  tw  tlie  stentn  ecu  be 
tilted  to  the  potato  vessels,  and  by  s  into  the  reservoir  k,  wheu  it  is  desired  to 
i  the  WBiet  it  contains  to  the  boiling-point.  Scliwarz^s  appaniltis  possesses  the 
^Milage  of  being  easily  taken  to  pieces  and  cleansed.  Bat,  on  tJie  contiuij, 
im^  itji  dijiadvantagcs  are  the  foyowing: — th«  construction  of  tlie  mitsh- warmers  is 
[Uite  suited  for  the  purpose,  while  also  the  condensed  liquid  in  e  is  not  brought 
y  into  contact  with  ilie  hot  steam  to  aBect  a  thorough  distillAtion  or  recUH- 
The  steam  paaaes  ao  quickly  tlirough   the  liquid  that  it  is  only  very 
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deprived  of  its  water  (dephlegmatcd)  when  it  reaches  tlie  dcphlegnmtion 
IfiUus.  where  it  will  consequently  be  but  imperft^ctly  rectiJied,  while  the  vertical 
n-pipes  offer  too  few  points  of  contact,  arid  allow  much  steam  to  pass  off  with- 
bcxjijf  fully  rojideiiar;d ;  wliile  even  Uie  partly  condensed  vesicular  steam  is 
led  <.»if  along  With  the  condensation  escaping  steam.  The  cundenser  itself  is 
trfect.  being  constructed  of  a  number  of  vertical  pipes,  tlirough  wliich  the  con- 
led  liquid  rapidly  Mis  witlioul  becoming  quite  cold,  and  in  order  to  obtain  a 
kdent  condensation  an  immense  quantity  of  cold  water  has  to  be  used. 


sfeauou-i Avi)«ntii»^     Amoug  the  apparatus  capable  of  producing  a.  .„.__    i.,..„.,  -. 
Epirits  at  a  small  cost  Is  that  of  Siemens*      This  apparatus  is  much  umd  to  liic  ^ 
tillation  of  brandy.     It  consists,  Fig.  23S,  of  two  mash-stilla  set  in  a  boiler*  nl 
capable  of  being  alternate] j  used  (by  means  of  the  three  cocks*  a,  b^  and  n .  in  tk 
same  manner  as  in  Gall's  apparatus,  while  the  fore- warmer  and  ti' 
constructed  according  to  Sieniens^s  plim.     l  is  the  boiler  ;  p  one  of  th» 
K  is  the  low  wine  receiver;  K  tl>e  f«»re-waiiner ;  a,  a  reservoir  in  which  the  condeurt 
water  intended  as  feed  water  of  the  boiler  is  collected  ;   c  is  the  de phlegm ator ;  A  * 

t reservoir  for  the  vapours  condensed  in  c.  From  the  dephlegmator  the  vifonr 
passes  to  a  condenser  oot  bhown  m  tlie  ewgraving.  This  apparatus  is  constructed  «l 
Buch  dimenBiona  that  it  can  perform  the  work  about  to  be  mentioned.  TW 
boiler  has  to  steam  about  5000  kiJos.  of  potatoes  in  four  lots,  during  from  40  M 
45  minutes  each,  and  bbould  thus  be  capable  to  yield  in  three  hours  tlie  fifth 
l^art  of  tlie  weight  of  the  potatoes  =  1000  kilos*,  or  in  one  hour  333  kilo* 
steam,  which  renders  necessary  a  steam -generating  surface  of  about  11  sqnarv  iDrtm 
But  since  the  distillation  requires  steam  also,  this  generating  surface  ha^  to  W 
increased  by  about  20  per  cent,  and  shouJd  consequently  be  13  5  to  14  square  metw* 
The  size  of  the  mosli  stills  should  be  sufficiently  large  to  conttiin  with  exise  y**  !iir*» 
whfu  properly  filled;  hectiuse,  as  already  stated,  tiio  tluid  from  a  is  not  r 
tlie  still  but  tu  the  t^team  boiler,  the  stills  being  set  into  the  hist-namrd 
I  becoming  externally  cooled,  whereby  the  quantity  of  water  carried  along  with  Urn 
^^H  Tapours  of  spirit  is  compensated  for. 

^H     Tbe  ma&h  wanner  consists  of  a  cylindrical  portion*  i  i,  the  lower  part  of  wbeh 
^^  has  an  indentation,  c.     In  the  cylinder  is  placed  a  narrower  portion,  o  o,  of  the  wal 
mash-cont^iining  vessel  fitted  with  the  heating  tube,  /  n.    The  upper  part  of  lli«^ 
fore-warmer  is  fitted  to  die  lower  part  by  means  of  the  flange^  h  h.     r  is  a  stirriif 
apparatus,  which  is  frequently  set  in  operation  during  ilie  process  of  dislil1«ti<«^ 
The  vapours  from  tlie  second  still  are  carried  into  tlie  depression,  c,  under  the  fort- 
warmer,  which  in  order  that  the  vapours  may  come  into  contact  with  the  pM^ttl 
covered  witli  a  sieve.     The  vapours  surround  tlie  under  part  of  the  nmj^li 
and  enter  into  the  tube,  /,  tlirough  which  they  puss  to  the  lower  cylinder  of  iht 
deplilegmator.      The  condensed  water  of  the  dephlegmator  is  conducted  into  tW 
reservoir,  k.     The  upper  and  under  part  of  the  fore-warmer  are  made  of  casl'troBi 
but  the  interior  bottom  and  heating  surfaces  are  made  of  copper.      This  kind  ni 
fore-warmer  has  the  advantage  of  uniformly  distributing  the  heat,  while  it  can  k< 
iHy  cleansed.     Tlie  depWegmator,  c,  is  so  contrived  that  the  rectified  vn 
conveyed  to  the  condenser  by  two  separate  pipes  placed  in  an  opposite 
each  other,  and  are  joined  again  in   clo&e   proximity  to  the  condcfir 
•mainder  of  the  details  will  be  seen  on  studying  the  drawing, 

jDjD^muif      Among  the  distilling  apparatus  intend«^d  for  the  dis4illati<v  d 

no  (not  of  mash),  and   so  constructed  as  to  be  fit  for  continuous  working.  •* 

must  not  neglect   to   mention   the  apparatus  of  CVUier-BlumenlliHl,  as   iznpro^ 

by  Derosne,  and  represented  in  Fig-  239^     Tliis  apparatus  consists  of  two  itiZk. 

A  and  A*;  the  first  rectiJicator.  b;  the  second  rectificator,  c;  the  wine  w^annar  to* 

lilegmator,  r> ;    the   condenser,  f  ;    the  regulator,  E ;    a   exmtrivance  for  «g»- 

iting  Uie    fiow    of   the   fluid  wine  from  the   cistern,  o.      Tlte  still  a\  which  «i 

a&  the   Btill  jl  is  filled  with  wine,  acts  as   a  siejun  boiler.     The  low  id» 
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evolved  come,  when  tliey   have  arrived  in   the    rectificators,   in  contact 
au  uninterrupted  stream   of  wine,   whereby  dephlegmation   is    eflfected ;    the 
'  thus  enriched  in  alcohol  becomes  still  stronger  in  tlie  vessel  n,  and  thence 

Fio.  23gt 


^llt  the  cooling  apparatus,  f.  In  or  7er  Uiat  a  real  reetificntion  should  tahe 
place  in  the  recti  fie  n  tors,  the  stream  of  wine  Bhonld  l>e  heated  to  a  certain 
temperature,   whidi  ia  imparted  to  it  by   the    heating  of   tlie    condenser  water. 
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The  steam  from  tlie  sliU  a'  is  carried  by  means  of  the  pipe  z  to  the  holla 
the  still  JL.     Both  stills  are  heated  by  the  fire  of  the  Bume  fumiice*     By  m^^as' 
of  the  tube  b'  the  liquid  contnined  in  the  still  a  c&.n  be  run  into  th(9  still  i\ 
first  rt^ctiiicator,  b,  contains  a  number  of  semi-circular  discs  uf  unequal  siie,  pli 
one  above  the  oiher,  and  which  are  so  fastened  to  a  %'ertical  centre  rod  tlmt  thtty  i 
be  easily  removed  and  cleansed.     The  larger  discs,  perforated  in  tlio  manuc?^ 
sieves,  are  placed  with  their  concave  surfaces  upwards*     In  consequence  u(  t 
arrangement  the  vapours  ascending  from  tlie  stills  meet  with  large  sorfacvs  raou 
mth.  wine,  which,  moreover,  trickles  downwai-ds  in  the  manner  of  a  dLdcade 
the  discs,  and  comes,  tlierefore.  into  ^ery  intimate  contact  with  the  vaiJonrsc 
secone]  roctititjator,  c,  is  fitted  witli  six  compartments;  in  Uie  centre  of  eaidi  oj 
partiriijn  wfdla  (iron  ur  copper  plates)  a  hole  is  cut,  and  over  this  liole  by  toiiuis  i 
vertical  bar,  is  fas  tinned  an  inverted  cup,  which  nearly  reachts   l'>  Uie  Im>4Ioi 
the  compartment  wherein  it  is  placed.     As  a  portion  of  the  vaponns  are  corid^ 
in  these  compartments  the  vapours  are  necessarily  forced  tlirough  a  lave?  df^ 
wine,  and  have  to  overcome  a  pressure  of  a  column  of  liquid  2  centimetres 
Tlie  fon^-warmer  and  dephle^ator,  i>,  is  a  horizontal  cvhndrr   madi?    of  oij 
fitted  with  a  worm,  the  convolutions  of  wliich  are  placed  vi>rtii*iilly-      The 
communicates  with   this  worm,  the  other  end  of  which   passes  to  0.     A  phk 
ciillecU  in  the  convolutions  of  ihis  tube,  which  is  richer  in  alcohol  in  lh#  i 
windings  and  weaker  in  those  more  remote :    this  fluid  collecting  in  the  loir«r  | 
of  the  spirals  may  be  drawn  off  by  means  of  small  tubes,  thence  to  be  t  - 
the  operiitor's  pleasure,  either  all  or  in  part,  by  tlie  aid  of  another  in 
codes  to  the  tube  o,  or  into  the  rectifieator.     By  means  of  the  tnbL-  1.  tl 
warmed  wine  of  the  dephlogmator  can  be  run  into  the  reetificator.     Th»-  • 
is  a  cylindrical  vessel  closed  on  all  sides,  and  oontuining  a  worm  coti 
with  the  tube  0,     The  other  eud  of  tlie  condensing  tube  carries  llir  distil 
On  the  top  of  tliia  portion  of   the   appiu^atus  tlje  tube  k  is  placed,  l»y  me 
wliich  wine  is  run  into   the  dephlegmator.     The  cold  wine  fl^ws  into   the  rM^ 
vessel  by  the  tube  i.     When  it  is  desired  to  work  with  this  wppf»Tfi*tTa,   the 
thing  to  bo  done  is  tiie  HUing  of  the  vessels  a  und  a'  with  wine, 
is  then  opened,  whereliy  the  tube  J,  the  condenser,  f,  and  the  depbl  *rel 

witli  wine.     The  wine  in  the  still  a  is  next  hcatt*d  to  thtt  boiling -point ;  tbe  ' 
enters  the  tube  z  and  is  condensed  in  a  until  the  wine  here  is  heated  to  tli«  I 
|3oiut  by  the  combined  eflect  of  the  steam  and  tlie  hot  gases  circuhiliii^  in  thtf  i 
The  low  wine  vapour  then  ptis^s  to  the  rectifi*mtor,  11,  and  thene<   i 
the  depblc<,nnator,  i»,  where  the  tjreater  portion  of  it  is  condensed,  tJi 
baclfWiirds  inio  the  recti ticator      As  soon  as  the  fore-warmer  is  so  fur  hcat4?d 
hand  cminot  ho  kept  in  the  hot  wine,  the  stopcock  of  Uu:  vessel  e  is  op 
the  di^tilbititui  eommences.    The  mne  which  is  conveyed  by  tlie  tube  J  tnto^ 
cooling  vesael.  p,  soon  begins  to  become  hot,  and  is  then  conveywl  to  ih0 
warmer^  where  its  temperature  becomes  nearly  as  high    as  the  boiling-pojiitT 
nierui!^  of  tlie  tube  L  tliis  lluid  is  conveyed  into  tha  roctiticalur,  b,  and  thence  i 
the  still  A. 
I  As  soon  jis  the  wine  in  the  still  \  contains  no  more  alcohol,  the  sU»p  ,  i| 

luwur  p«rt  of  tJic  vessel  is  opened,  and  the  vinasse  run  otJ'  at  w,  tht    _    _ 
ittpphid  by  op«*uiii^  the  stop-cock,   d'.      The    vapour  pmcecda  in    the 
Um  ifi  a  reversed  direction;  wh«n  the  vapour  has  been  oondensed  in  9  J 
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collected,  lis  olcoliol,  in  the  small  yessel,  K,  provided  with  an  areometer,  and 
[n*nc*e  c^Hiveyed  to  the  cistern,  ff.  The  etren^jfth  of  the  nlrohol  uhUiued  by  means 
'  th\9  apparatus  increase!^  with  an  increase  of  the  number  of  the  wijitlin{^g  of  the 
leaser  phiced  in  tire  dephlegiautor  and  connected  with  th«  rectitindtor  Practical 
&|M»nenco  dei'ideH,  according  to  the  alcoholic  strenjjtli  of  the  winos  to  he  di>«*tilled. 
Eld  lli«  quantity  of  pure  alenhol  desired  in  the  distillate,  tlie  opening  or  shutting 
^f  tlie  viirioQs  st^p-t'Ock«  of  this  apparatus,  Derosno's  apparatus  nmy  he  read  ily 
ie  continuous;  for  tJiii  purpose  it  la  only  iieccs&ary  to  lill  tlie  retit>n'oir,  condeii- 
ug  apparatus,  luid  rcctiBcator  with  cold  water^  while  the  lower  portion  of  the  tube  L 
clos<;d. 
[tmmgimt* ^pvnntm.  LvkMf^iofs  apparatus,  shown  in  section  in  Fig.  240.  is  also  of  great 
erest.  Notwithstanding  the  fat't  that  Derosne's  apparatus  is  excee«lingly  com- 
tteadahle  for  great  economy  of  fuel,  rapidity  of  distillatioai  and  excellence  of  product, 


Fio.  240^ 


c<i*^-  <:  o:-,:. 


(lie  apparatus  is  rather  of  a  comphcated  constrtiction,  because  it  is  arranj^fefl  to 
Jj&ul  all  kinds  of  wine,  be  they  weak  or  strong,  \a  hil«  at  the  fiarae  time  alcohol  of 
iiy  desb'ed  strength  nmy  be  obtained.  Apparatus  of  the  construction  of  Latigier'*:, 
Irraiiged  for  the  distillation  of  one  kind  of  tluid,  wine  or  mash,  and  for  the  pro- 
Ittction  of  a  di^tilliite  which  is  always  of  tlie  same  strength  of  alcohol,  may  be 
more  simply  constructed.  The  fluid  to  be  diBtilled  flows  from  tlie  tube,  #, 
the  funnel,  p,  thence  inlo  the  vessel  a,  entering  its  lower  part  and  serving  to 
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condense  tlio  nlobolic  vapour.  From  this  vessel  the  trarmed  fluid  pAise} 
by  meiina  of  the  tube  r  into  the  lower  part  of  tlie  second  vessel,  B,  wl»«i 
dephlegmation  takes  pliice  bj  means  of  a  condeosing  tube.  Thence  thu  flaU 
flows  by  way  of  the  tiibe  c  into  tlie  second  still,  c,  which  is  heated  by  the  Lu( 
gitses  evolved  from  the  fire  kept  biiriimg  under  the  first  stjll,  d;  in  the  still  rK 
fluid  undergoes  a  recUHcation*  and  the  vinftsse  flows  by  the  tube  e  ii  ' 
fitiH  n,  M  is  tlie  pipe  eonveying  tlio  hot  vftpour  from  j>  into  c;  the  tulie  h  ^  ; 
tlie  alcohoUc  vapours  into  the  dephlegmator.  By  means  of  the  tube  d  the  ilu  ^_i 
is  conveyed  into  tlie  still  c ;  /serves  as  a  means  of  emptying  the  still  d;  5  awl  i 
are  glasg-gaugiug  tubes  for  indicating  the  height  of  tlie  duid  in  the  interior  of  tk 
fitiU;  the  tube  I  conveys  the  non-condensed  vapours  fir^fm  the  dephlegmator  ioto  tkt 
condensing  apparatus  ;  while  i  conveys  tlie  vapours  formed  in  tJie  vessel  u  into 
condensing  apparatus.  The  alcohol  condensed  in  tlie  cooling  apparatus  tloxn*, 
exhibited  in  the  cut»  into  a  vessel.  0,  provided  with  an  areometer  l*j  iiidii  -u.  d:i 
strength  of  the  fluid*  The  entiling  apparatus  of  Uie  vessel  b  consists  iif  awI 
compartments  or  divisions  formed  by  wide  spirals,  each  of  which  is  ul  iU 
level  fitted  with  a  narrow  tube,  all  of  wliich  are  connected  to  the  tuT^     '    ^ 

of  wliich  tlie  condeas 
'  "'*  '  made  to  flow  back  int*f 

properly  r^nlating  tli 
the  liquid  in  the  first  still  andj 
adjusting    the  flow    of   vine. 
condensation  of  the  vapotu?  in 
dephlegmator  can  be  i  1 

will,   so    that  either    I 
per  cent  or  alcohol  of  abukt;  bo 
cent  be  obtiiined. 

Sometimes  an  apparatus  of 
more   simple    construction  iK 
ployed,  in  which   the  fluid  to 
dib tilled  is  heated  by  a 
tlirough  which  high  pr. 
is    made   to   circulatii*      toucii 
appiu-atus  is  ejiiiibited  in  Fi^ 
A.  IB  a  cast-iron  or  copper  rylstt* 
in  whicJi  tlie  ftuid  to  be  dintil 
is  heated  by   a  spiral  tuU> 
of  copper ;  Uie  inlet  of  tliis  tiiK* 
b,  and  the  outlet  at  a  ;  by  means 
tlie  vinassCi  devoid  of  uJcohol,  ii 
olE    B  is  the  dephlegmatar, 
which  the  duid  to  bo  iUst;lltHl 
tinuolly  flows  in  a  downwiu-d  direction,  while  the  vapour  of  the  low  wine  rvolvol  i 
ascends  uninterruptedly.     In  order  to  inciease  the  surfwce  and  points  of  contACl  (j 
arrangement  in  the  deplegmator  is  very  ditlt^rent.   The  vapour  ascend^sto  ihc  rrserrd 
K,  and  by  wuy  of  the  tube  F  enters  tlie  rectiticator,  c\  which  is  armnged  as  usaad . 
eondeased  j>ortion  returning  through  H  tt>  th  *  dephlegmator,  while  tlie  uncoTidci 
vapour  passes  on  to  die  condenser  of  tlie  vessel  D  there  to  hi  «'.Mt«i   tMiiJ^n^e 
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1  carried  off  through  m.     The  fluid  to  be  distilkd  islccpt  in  ft  tank  (not  represented 
^thQ  cut)  placed  higher  than  tlie  Rppanilus,  heiiig  conveyed  to  the  latter  by  way  af 
tube  I,  I  fitted  with  the  stop-cock  K,  so  tlmt  the  liquid  arrives  first  in  D»  is  next 
iveypd  to  c,  thence  throiijn;h  o  into  the  dephiegniator,  and  lastly  into  the  cyHnder. 
Fu^out.       ji  jjj^g  \^^,^.^  111  ready  iiiouLioned  iste  p.  431)  that  in  addition  to 
ll  ^  ^^ko]  tliere  arc  furraed  during  \iiioti8  fenneutation — under  conditions  not  at 

'  fdl  deoj-ly  understood  nor  aeienttfically  elucidated— larger  or  smaller  quantities  of 
L»hol£  homologous  with  ethjiic  alcohol ;  euch,  as,  for  instance,  proj>yhc^  butylic, 
Ajlic  alcohols,  wliich.  when  mixed  with  larger  or  smaller  quantities  of  complex 
bers,  bear  the  name  of  fusfl  oil,  a  fluid  which  imparts  to  ihe  ethylic  alcohol  (in 
slmpe  of  brandy »  gin,  whiskey,  &c*|  a  very  unpleasant  Ihivour,  iilso  rendering 
^fle  spirits  when  ciiide  very  injurious  to  tlie  human  system.     Fusel  oil  dilTers 
ordjiig  to  the  nature   of  the  mash,  potatoes,  gniio^  and  beytroota  being  used 
ltd  preparation.     Fusel  oil  is  funned  in  lurge  quantity  otdy  when  fermentation 
place  at  a  liigh  temperature  in  a  concentrated  saccharine  fluid,   while  no 
i  acid  is  sinmltaueou&ly  present.     A  iluid  which  ferments  iit  a  low  timperature.4 
[  is  very  dilate  docs  not  yield  fusel  oil»  at  leatit  no  amylic  alcohol,  wliich  also  is 
formed  in  such  wines  as  have  been  fermented  when  iHituric  acid  has  been 
;  in  the  fermenting  iluid.  -• 

it  is  a  property  of  all  fusel  oils  tliat  the}'  are  less  volatile  than  water  and 
bohol,  they  are  only  condensed  when  brandy,  gin.  whiskey,  &c..ure  distilled  towards 
end  of  the  distillation  ;  while  as  regards  tlio  distillation  of  the  alcohol  tliese  oila 
chiefly  met  wiLii  in  tlie  [nod nets  of  the  condeusatirm  of  the  dephlegmators,    A 
ion*  however,  of  the  fusel  oils  comes  over  along  with  tlic  alcohol,  and  being 
'  intimately  mixed  therewith  is  not  readily  removed  from  these  fluids,     l*otato 
el  uil  is  essentially  amy  lie  alcohol  tCjHjaOj,   a  colourless,   very  mobila   Huid 
fofii^  sp.  gr,  of  penetrating  odour,  provoldng  coughing,  and  of  a  burning  tadto ; 
boiU  at  133^    By  moiunj  of  oxidiiiing  agents,  such   as  manganate  aud   per- 
i  of  potash,  ti  mixture  of  sulphuric  acid  and  bichronmte  of   potash,  or 

as  well  as  platinum  black,  amy  lie  ak'ohol  is  converted  into  ^-nlcrianic 
iti  (tJjHioOa).     By  the  action  of  acids  this  timylic  alcohol  is  converteii  into  peculiar 
b4»  of  etliers  in  tlie  same  manner  as  this  efiect  is  produced  by  acids  upon  ordimuy 
bjHc)  alcohoL      Borne  of  the  ctliers  thus  fonned    e^thibit  a   highly    agreeable 
our,  and  are  therefore  used  in  perfumery,  and  for  the  ttavouring  of  sweetmeftts, 
-l«>na,  &c, 

is  for  miiny  of  the  applications  of  potato-spirit  the  fusel  oil  is  a  disadvantage, , 
;  spirit  has  therefore  to  be  submitted  to  an  operation  of  rectitication  whereby  the 
el  oil  is  got  rid  of.     The  guggestions  which  have  been  made  for  this  purpose  refer 
er  to  tlie  destruction  of  the  fusel  oil  by  oxidation  or  tlie  action  of  chlorine,  or  the 
akiiig  of  the  oil   and  its  conversion  into  loss  disagreeable  compounds;   partly 
to  a  real  removal  of  the  fusel  oil  from  the  spirit,    Wien  the  fusel  oil  con- 
ning spirit  is  rectified  over  chloride  of  lime   (hJeaehing-powdrri,  permanganate  of 
assii,  Ac.,  vnlerijinaJe  of  fusel-ether  is  formed  ;    but  since  the  actirm  of  these 
ilJ^tits   is  not  limited   to   lli©   amylic   alcohol  but  extends   to  tlie   ethylie,  it  is 
diffieolt  to  adjust  the  qunntity  of  Oiese  re^genta  so  that  only  tJie  amylio 
ohol   be  acted   upon.      If  the  spirits  from  which  the   fusel   oil  is  to  be  re- 
red  we  treated  with  a  mixture  ot  sulphuric  add  and  vinegar,  there  is  formed, 
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beaides  some  acetic  ether,  acetate  of  aiiiyl»  fj^u^    I  0»  of  a  pleasant  fraitj  Ai^oiir. 

Rj'dnichloric  and  nitric  acids,  obo  used  to  remove  fusel  oil*  act  in  a 
ftiiuilftr  maunor.  Tlie  most  approver!  method  of  removing  the  fosel  oil  is  by 
of  well  burnt  charcoftl  ivejLjetable  charcoal,  charrt^d  peat,  bone-ldack),  wliii'h,  wh«t 
bruuglit  into  contact  \^'ith  tlie  crude  spirit,  absorbs  the  fusel  oil  meclsamcidlr. 
the  aid  of  charcoal,  spirits  and  brandy  (not  when  obtained  from  irine;,  ar«  pi 
either  in  tlie  state  of  vap<>ur,  or  by  digestion  witli  the  charcoal,  and  tiliration 
ordinary"  temperature  of  the  air;  rectification  at  botllng  temperature  over  rhareHl 
is  alto^t-ther  unsuitable,  owing  to  the  fact  Umt  the  fusel  oil  absorb*^d  hf  CW 
charcoHl  is  agnhi  readily  dissolved  at  that  temperature.  The  charcoal  U  ht 
employed  is  )yfranuhited  and  passed  through  a  eieve  in  order  to  removi?  tLilh^ 
ring  dust.  The  granulated  charcoal  is  placed  in  a  copper  cylinder,  fitted  at 
and  bi>ttom  with  a  perforated  plate  or  disc;  tliia  cylinder  is  connected  with 
distilling  apparatus  between  tlie  depliJegmator  and  rectificator  in  snch  a  numotr 
tiie  vaponrs  i>ass  through  the  charcoal.  To  100  litres  of  brandy  to  be  puriflwl  j 
Hires  of  grainilated  charcoal  are  generally  required ;  this  can  be  again  emplnVi 

having  been  re-burnt  at  a  bright  red  heat.     Fi 
apparatus  consists  of  a  helm*shaped  vessel,  a.  Fig, 
in  which  the  perforated  diaphrH^ms,  hbh^  are  pi 
upon  eHcK  diaphragm  a  layer  of  charcoal,  sartiioiini 
with  a  cover,  c,  is  placed.      The  apparatus  is 
with  a  hollow   cover  containing  a   layer  of 
(iti.     The  vessel  A  is  surrounded  by  a  cooliiij 
ratus.  wliich  in  the  cut  is  repr»«sented  by  ih*^  en] 
tubes*///*,  and  the  hot  water  ( whicli  becomes  hot  by 
passage  of  alcoholic  vapours  through  k\  tubes,  tm 
these  serve  the  purpose  of  regulating  the  tem 
of  the  liiyers  of  charcoal; 

YirMrrfAifloiiai.     The  quantity  of  alcohol  obtnirinbV  (rrm 
any  given  substance  does  not  only  d^^pend  * 
tive     quantity    of   the     alcohol  forming    t 
fstarch.  deittrose,  or  Cftne  sugar)   of  Hi©   raw    material  applied  fi>r  tlie  pi 
of  distillation*  but  di^pi^ds  very  largely  also  on  tlje  more  or  less  suitable  nn 
of  conducting  all  the  operations  of  the  sphnt  distillation  (mashing,  fermentation f, 
properly  constnte ted  apparatus.     Leaving  out  of  the  question  the  - 
of  glycerine  and  succinic  acid  formed  by  vinous  fermentation*  ch^ 
that:- 

100  parts  of  starch  yield  5678  of  alcohoL 

100       „       cane  sugar       „      53'^° 

100       „       dextrose  ♦,      51 01         „ 

Experience  teaches  that  the  yield  of  alcohol  is  in  practice  lesg  than  u  -11 1 
premising  that  every  i  moh  of  starch  or  sugar  yields  2  mols.  of  alcohol ;  100  ] 
cane  sugar  do  not  yield  in  practice  the  quantity  of  alcohol  above  indicated — rvu  I 
partSr  ^ut  only  51  l 


SPIRIT,  ^j 

lOO  kilos,  of  barley  give  4464  litres  of  com  brandy  at  50**  Tralles. 

100       „        barley-malt     „     5496       „  „         „  „ 

100       „        wlieat  „     4922       „ 

100       „         rye  „     45-80       „ 

100        „        potatoes  „     1832       „        potato  spirit      „  „ 

» litres  (quart  or  maas)  of  brandy,  from  the  metrical  hundredweight  (hectolitre,  &c.), 
reckoned  to  yield  6  X  50  =  300  per  cent  alcohol ;  7  litres,  consequently,  350 ; 
tares,  400.  8  litres  at  48  per  cent  Tralles  =  384  per  cent  alcohol.  The  number  of 
68  of  brandy  or  spirit  multiplied  by  the  alcohol  in  percentage  according  to 
dies  therefore  yield : — 

:  metrical  cwt.  of  barley  4464  X  50  =  2232  per  cent  alcohol. 

„  „       barley-malt     5496X50=2748         „  „ 

„  „       wheat  49-22X50  =  2461         „  „ 

M  »,       rye  4580 X  50  =  2290         „  „ 

»  I,      potatoes  1832x50=   916         „  „ 

Jsually  I  Bavarian  maas  is  taken  as  equal  to  1*069  litres,  i  Prussian  quart  =1*145 

68. 

n  quoting  the  prices  in  the  following  foreign  markets,  it  is  usual  to  take  as 
nit — 

Li  Breslau  4,800  (  60  quarts  at  80"). 

In  Berlin  10,800  (200        „        54^). 

In  Magdeburg    14400  (180        „        80  ). 

cently  it  has  become  general  to  adopt  as  a  unit  8000  (100  quarts  at  80*!. 
)oteiom«tr7.  For  the  purpose  of  ascertaining  tlie  quantity  of  alcohol  contained  in  a 
Id  which  consists  only  of  alcohol  and  water,  the  areometer,  or  alcoholometer,  is 
eomHer.  generally  employed.  The  vaporimeter  and  the  ebullioscopo  (see  p.  395) 
t  seldom  used.  The  application  of  the  areometer  is  based  upon  the  principle  that  a 
ly  immersed  in  a  lluid  (for  instance,  water)  always  displaces  a  quantity  of  water 
lal  to  its  own  volume,  and  loses  in  weight  proportionately  to  tlie  quantity  of  water 
placed.  It  therefore  follows,  that  by  tlie  depth  to  which  the  areometer  sinks,  as 
:ed  by  the  degrees  on  tlie  spindle,  we  can  determine  the  quantity  of  absolute 
ohol  contained  in  the  iluid  under  examination.  The  areometer  of  Tralles  and  that 
Richter  are  most  generally  used  in  Germany.  Stoppani's  is  similar  to  that  of 
chter.  Botli  are  centesimal  alcoholometers  and  show  by  tlie  number  of  the  degree 
which  they  sink  tlie  percentage  of  pure  alcohol.  The  dilFerence  between  these 
0  instruments  consists  in  that  the  areometer  of  Tralles  indicates  percentage  by 
lume,  and  Itichtor's  percentage  by  weight.  Tralles's  alcoholometer  is  niiioh  used 
the  Zollvenjiu  (Gennan  Custom's  Association,  viz.  of  tlie  various  States  constitu- 
g,  with  tlie  excc'i^tion  of  Luxemburg,  the  German  Empire)  for  the  pnqwse  of 
.'ertaming  the  alcohol  contained  in  spirituous  liquors  (at  14*44"  R.)  >  ^^  Austria  the 
ne  instrument  is  used,  with  a  difference,  however,  in  the  temperature  at  wliich 
i  observation  is  made,  the  degree  of  the  thermometer  being  usually  taken  at 
^R.(  =  i5^C.) 

riie  following  table  exhibits  a  comparison  of  both  scales,  and  with  the  true 
ight  per  cent,  along  with  the  corresponding  specific  gravity  at  a  temperature  of 
C.:— 
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fl«  „  Trneweiffht         Approximate  weight        PereoiUgeof 

^^•^*  v^ceS  per  cent  according      Tolome  acoordinf 

percent.  toRiohter.  to  TralleT^ 


0-981 


nil  10  1373 


0972  1812  15  22-20 

0964  24-83  20  3016 

^■956  2982  25  36-50 

°*947  3529  30  4212 

^'9Z7  4066  35  4800 

0926  46-00  40  53*66 

0915  51*02  45  58-82 

0*906  5485  50  6265 

0899  6034  55  6796 

0-883  6479  60  7212 

0872  6979  65  76-66 

0-862  7466  70  80*36 

0-850  7881  75  84-43 

0838  8372  80  8834 

0827  8836  85  91-85 

0815  9254  90  9505 

0805  9677  95  97-55 

0795  99'6o  100  99*75 

The  most  usual  alcoholometer  is  that  which  indicates  the  percentage  of  volume,  otIm 
manj-  volimies  of  absolute  alcohol  there  are  contained  in  100  volumes  of  the  alcoboi 
fluid.  Brandy  of  50^^  Tralles  is  therefore  understood  to  bo  a  spirit,  100  litres  of  «hi 
contain  50  litres  of  alcohol ;  and  from  which  by  distillation  these  50  litres  of  alcohol  c 
be  extracted.  CouHi<lering  that  when  alcohol  and  water  are  mixed  a  considerable  contn 
tion  and  decrease  of  bulk  is  the  result,  it  is  clear  that  50  litres  of  alcohol  (absolute  is  h" 
meant)  and  50  litres  of  water  will  only  j-ield  a  mixture  measuring  96-377  litres ;  1 
accordin^'ly  100  Utres  of  such  a  fluid  contain  instead  of  50  litres  of  alcohol,  51-88  Utiefi 
that  liquid. 

RiiaHon  of  Bnin<iy  Tho  relation  of  the  distillation  industry  to  agriculture,  and  m 
DLtiUuiK  to  Agriculture,  especially  as  a  means  of  providuig  fodder  for  catlle,  is  very  interest 
and  important.  The  distillation  of  spirits  leaves  a  residue  which  may  bo  usefully  emplo; 
as  fodder  for  cattle ;  the  distillatory  process  extracts  from  the  starch-containing  materi 
which  are  employed  only  the  alcohol  which  is  formed  in  the  mash  by  fermentation,  bo 
leaves  behind  in  a  concentrated  state  all  tho  nutritive  substances  (especially  albui 
compounds),  which  not  being  acted  upon  by  tho  fermentation,  are  left  in  the'residuei 
almost  the  same  state  as  they  were  originally  present  in  the  potatoes  and  grain  made 
of  by  the  distiller.  It  is  evident  that  when  the  expenses  of  the  production  of  the  spi 
are  paid  to  the  distiller,  tlie  residues  of  tho  operation  become  a  valuable  material  obtai 
cost  free,  the  production  of  which  is  an  important  item  in  this  industry. 

Viewed  in  the  hght  of  agricultural  industrj*  the  preparation  of  spirits  from  petal 
becomes  in  reality  a  chemical  decomposition  of  the  substances  of  which  potatoes  arc  o 
posed,  and  a  product  of  a  relatively  far  greater  value,  and  more  readily  transport; 
and  preservable— viz.,  si)irit8  and  wash,  and  fodder  material. 

Tin-  R«>.i.iue  r  wa!.h.  Tho  wasli  is  a  fluid  in  which  starch,  dextrine,  pectin  substances,  ] 
tein  compounds,  fat,  small  quantities  of  sugar,  husks  of  grain,  succinic  acid,  glycor 
salts,  and  s(>me  of  tlie  constituents  of  yeast  are  met  with,  partly  in  stdution,  partly 
ponded,  while  some  of  these  materials  are  more  or  less  decomposed  and  alt*^red. 
quantity  of  dry  substance  only  amounts  to  from  4  to  10  ])er  cent ;  this  is  due  to 
varying  nature  of  the  raw  material,  to  the  quantity  of  water  used  in  mashing,  an. 
the  unequal  quantity  of  water  absorbed  by  the  fermented  mash  during  the  process  of 
tillatiou. 


SPIRIT. 


insen  ajmJysod  seyeriil  variDlids  of  wMh  witji  tho  following  re8Tilt«»  the  proportion 
f  mibstftnceto  the  water  being  in  (I.)  as  i :  75  ;  in  (U,J  »*  i ;  6 ;  in  (UI.J  ufi  r  :4'oU  j 
)  aa  1 14  ;  in  (V,)  as  i ;  j  ;— 


Cicm-uiirogenonB  RubBtauoea 
^tein  compounds  . ,  , . 
bUoioBe       .. 
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en  m  a  distillery  potatof3Ei  and  malt  are  always  used  in  eqnal  quaiititi^a  and  of  the 
quality,  and  the  nij^h  madu  at  the  ^ame  degree  of  coucentrutiuii,  iht^  wash  will 
li  b«  of  neurlj  as  poshibk'  the  aamo  compoHition.  It  may  be  aabtiiut'd  thut^  ou  au 
g^,  thrt?e- fourths  of  the  ftulid  matter  met  with  in  the  wash  in  nutritive;  the 
urtion  of  nitrogenoQB  to  non-nitrogeuouii  matter  is  on  the  average  as  i  ;  3^  while 
potato  it  is  only  as  i :  S,  When  the  potatoes  are  converted  into  wa^h  they  lose 
Tifater  port  of  their  non-nitrogeaoii»  liiutter,  and  thus  hecome  1^  fodder  rieh  in 
compounds.  In  practice^  150  to  230  kilos,  of  potato  mash  are  consider4*d 
ftlanl  to  50  kiloB.  of  hay. 

Ml.  Bj  tlie  fermentation  of  tlie  b6er*worfc  containing  hops,  yeast  is  pro- 
in  large  quantities,  and  this  h  used  in  most  cases  when  it  ia  desired  to  induct 
ir>ua  fenneutation ;  but  for  some  purposes,  such  aa  bread  making  for  instance, 
eaat  is  not  applituhle  owing  to  its  containing  much  of  the  bitter  principle  of 
|np,'  and  tiierefore  posaesKing  a  very  disagreeable  llavour.  This  bitter  principle 
removed  by  thoroughly  waiihing  with  cold  water,  or.  as  recommended  by 
tmer,  by  first  dissfdving  the  yeast  in  a  solution  of  caastic  alkali,  and  then  pre- 
Iting  it  tlierefrora  by  means  of  dilate  Bulphuric  acid  :  such  proceedings,  how- 
allays  impair  the  efficacy  of  the  yeast  as  a  ferment,  and  the  uddiiiomiJ  amount 
\G  and  labour  required  necessarily  enhances  the  price  of  the  yeiist.  The  pro- 
Mi  of  yeast  in  breweries  is*  moreover,  only  a  subordinate  idfttir.  tlie  main 
,  being  tlie  prepai-ation  of  beer  of  good  ijuality.  The  production  of  yeast, 
^ongh  it  can  only  be  obtained  by  vinous  fermentation,  is  best  combined  with  the 
llation  of  spirit,  whereby,  if  desired,  tho  preparation  of  dry  yeast  may  be  made 
Ineipal,    and    the   prodnction    of   spirit  to   a   certain   extent    a    subordinate, 

hmve  in  a  former  portion  of  this  work,  while  treating  on  ferraentation  in  general, 
ined  the  mode  of  formation  and  the  nature  of  the  yeast,  and  tliat  tins  yeast  lias 
raved  by  experience  to  be  best  fed  and  moat  rapidly  propagated  by  the  gluter 
ther  protein  compounds  of  the  cereals  in  solution.  Yeast  may  be  made  in  various 
At  Schiedam  (Hollnnd)  it  is  made  of  excellent  quality  by  a  mode  which  is  to 
n  extent  a  trade  secret — and  dilTcrs  materially  from  the  following  process : — 
fih  ia  made  in  the  ordinary  manner  of  j  part  of  bruised  barley  malt  with 
of  bruised  rye,  the  mash  being  cooled  with  the  fluid  portion  of  the  wash. 
kilos,  of  tlie  bruised  grain  is  added  o'5  3dlo.  of  carbonate  of  soda  and 035 
Df  sulphuric  add  diluted  witli  water ;  tliese  ingredients  having  been  added  to 
lash  it  is  brought  to  fenncntntion  by  the  aid  of  yeast.  The  newly-formed 
is  removed  from  tlic  strongly  fermenting  fluid  by  tlie  aid  of  perforated  ladles 
ben  strained  through  a  linen  cloth  or  fine  sieve,  and  poured  into  cold  water 
in  it  is  allowed  to  form  a  sediment.  Tlie  sediment  thus  produced  is  col* 
after  the  supernatant  w^ater  has  been  run  off,  is  placed  in  a  atout  canvai 
idcr  a  press,  and  formed  into  &  stiif  ehiyey  dough,  to  which  usually  4  to  ic 
3u 
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(sfimetinies  as  much  us  24)  per  c^at  o^  dry  poteto  sUrch  is  added.    Somdinici  1 
wnler  is  rcmovefl  from  the  yeast  by  plaotii^  tliat  subBiance  upon  thXm  mod 
gj-psiim   or   oihGT   alis*>rbt;nt  materials,  cure  bein^  taken  fo  keep   th«  T««st 
cool  place ;    by  tli<?  use  of  the  bydroextmctor — expressly  ftrrflBged  as  regiinU  I 
construe  tian  for  tbis  purposely  east  may  be  very  rapidly  rendered  dry.     As  1 
the  Ufl€  of  the  carbonate  of  soda,  it  appears  to  assist  in  tlie  separation  of  ihc  | 
tinoiis    constituents    of  the  cereals;    the    action   of  the  snlphnric    acid   is 
similar,  and  it  al^^o  prevents  the  formation  of  IflctJc  acid,  vi  bicb,  if  formed,  ma 
a  loss  of  bftlb  stiirfb  and  spirit ;  the  sulphuric  acid  also  accelerates  the  - 
the  yeast.     According  to  commuoicaii<ins  by  some  of  tlie  most  eminent 
Schiedam   to   Dr.   O.   J,    Mulder,   neither   soda  nor   sulphnric  -aind   arc 
Schiedam  in  the  preparation  of  what  the  trade  terms  diy  or  German  yeast,  j 
which  is  imported  into  Uiis  country  from  Hamburg.     Assuming  the  rrseAtd 
I^istctu"  and  others  on  fenncntiition  to  be  correct,  tliese  observations  are  of  great  1 
in  reference  to  tlie  maimfaclure  of  yeast.     It  is  fonod  that  the  yeast  spomla 
properly  developed  when  tliej  are  placed  in  a  tluii!  which,  instead  of  cc 
protein    compounds,   consists    ol    aqueous    saline   solutions   mixed   with  a 
solution,  such  as,  for  instance^tartrate  of  nmmonia,  pliosphate  of  pota^ih,  \ 
phosphate  of  magnesia.     It  would  hence  appear  that  under  such  conditioiu 
cells  take  up  tlie  material  for  tlie  propngatinu  of  new  cells,  partly  from  mo 
fitibstances,    partly    from    organ ic»    viz.,    tlie    decomposing    sugar    ^iiich 
carlxmic  acid:   in  this  respect  the  yeast  cells  agree,  then,  with  higher  ot^ 
plants.      As  regards  the  quantity   of   yeast   obtainnbio  from   a   given    weight^ 
materials,  it  niay  be  stated  that  from  100  kilos,  of  rye,  including  the  bruised  1 
alxjut  15  to  16  kilos,  of  dry  yeast  can  be  obtained.    As  Hie  quantity  of  rmlj 
or  of  the  nitrogenous  matter  for  sale  present  in  the  reafly  prepared  dry  ye^isl  an 
at  the  most  to  20  per  cent,  the  nutritive  value  of  the  ^vash  obtained  after  the  < 
tilUng  off  of  the  spuits  from  tlie  fermented  liipiid  is  bnt  httle  impaired, 

*f.-riiii«i  ArtiflcJuJ  YfML       We  have  yet  to  refer  to  what  is  termed  artificial  TaaaK  in  i 
a  Kubatanco  only  intended  for  tiansferriug  the  fernientfition   of  the  wort  or  mi 
Rcti\1ty  to-day  to  a  fresh  bateh  to-morrow,  bo   tkat  it  bears  the  same  T*lnf}oii  |al 
Bpirit   preparation   as  leaven   does  to   bre^n:!- baking.      There  are    a    ;  ml^rl 

recipes  for  the  prepaiatiou  of  artifioial  yeast  and    of  artiticial    fern 
snbstanees;  as  far  jis   the  we  are  known   they   may  be   brought   to    tL-    »-  t. 
gories : — i.  A   emidl  quuiitity   of   fully   and   8tron;?ly   fermenting   mash    is   mfi 
fresh   Djash.      2.  A    ^mall    quantity    of    the    Maid    portion    of    the  fermerilil 
IB   cautiuuely  drtiwu  off  by   the   aid  of  a  syphon,  and    thi*  portion    haTiug 
into   fenaeutation,  is  added  to  tho  freehly  made  mash  of  the  uert  day.      3,  As 
as    in  the  last-made  mash    the  fermeDtation   w   etroiiRest   and   most   active^  a 
quantity  of  the  ferment  tyeast)  separated  from  the  tlnid,  and  floaiing  on  its  Mt 
mixed  with  freshly  made  mash,  the  teniptratiire  of  which  has  been    porpcM 
salfieiently  hiji^h  to  start  the  fermentatioD.     The  muFh  thus  prepared  may  l»e  1 
a  few  hour«  to  iaduce  fennentatiun  in  a  freshly  made  maah.     A  really  artific 
that  is,  yeast  only  prepared  for  the  purpose  of  obtoiaiiig  that  subatanoe  by  iis 
independent  of  cither  ttrewiug  or  distiUing,  is  made  in  various  waya,  bnt  always  by  a| 
proceRs  of  fermentation.     As  an  excellent  instance  of  this  mode  of  prep&ratioii,  w»  1; 
the  mode  of  prepfiriiiR  Vienna  yoaet : — 

vi<^nji» T^'ftii.       This  yeaat  iri   prepared    in   the    following  manner: — Frevinn=iv.fin! 
barley,  mats,  and  rye  are  grouud  up  and  miied,  next  put  into  water  at  a  t* 
65°  to  75";   after  a  few  hours,  the  eaceharine  liquid  is  decanted  from   t'r 
the  clertr  liquid  brought  into  a  etate  of  fermentation  by  the  aid  of  --mw 
femiinitation  becomes  xcrj  strong,  and,  by  the  force  of  the  carbonic  aeid  w  hi^  h  i^  evo 
the  yea^t  globules  (the  size  of  which  averages  from  10  to  12  m.m.)  Are  carried  to  { 


BREAD. 

unrfnr*  of  t^je  liqrudj  and,  foTming  a  thick  ^cfim^  ate  remoTed  hy  a  Brimmer,  tben  pli 
on   cltilli  /iilcrs,  draiued,  waslied  with  a  little  diHtillefl   water,  and  next  preswed  iiito 
fni*  ili^KtJiHi  tfbapo  by  means  of  hydrHiilic  prfftsiire,  nud  covered  wit^  a  strong  and  well 
itvas.     Tljia  kind  of  yeii^t  ket>)»s  fur  ci^jht  to  f*uirteen  daye  according  to  the  eeasoQi^ 
•h  for  bakt^rs  and  breweTH,  very  wnpt'riur  to  that  ordinarily  used  ;  the  extra  gooS. 
f  Vienna  beer  and  bread  are  partly  dae  to  the  tifie  of  thiii  yeast  in  preparing' 

riu.       In  tbe  original  work  a  poaple  of  pages  are  deToted  to  an  uninteresting 

1   on  thift  wibjeet.  which,  as  might  be  expected,  has  been  tr<='nted  not  from  a 

I  oint  of    view   bat   from  one   bearing  upon  conditiotia   which   are  altogether 

from  those  existing  in  thiH  conntry.      There  can   be  no  doubt   that  a   duty 

is  a  very  excellent  thing;  indeed,  in  thiR  country  thie  lax  brin^u  in  iucb  an 

1 i-  sum  aa  to  leatl  to  the  inference  that  spirits  are  consumed  in  hu-gex  quantities 

thjoi  is  consiiteut  with  healthy  coodilions  of  body  and  socdal  comfort. 


Bread  Ba^iko. 

i«tBr«tt4]iftktac.  The  prepamtjon  of  bread  utius  at  the  pnoduction  in  the  flour 
til>tiLin«d  by  grinding  up  the  cereals  of  such  n.  cheiuicfll  and  physical  condition  as 
will  ttmd  to  render  it  most  readily  roai^licated  by  the  teeth,  and  after  having 
li^trn  duly  mixed  with  saliva  in  the  mouth,  digested  by  the  jnices  of  the  stomach. 
Whon  lb»nr  is  mixed  with  water  so  as  to  form  a  dough,  and  this  mixture  <lned  at  the 
ordinarv'  tem[teniture  of  the  atmospljere,  a  kind  of  cake  is  obtained  which  contains  the 
rtftTch  unaltered  and  in  an  insoluble  state,  bo  that  this  kind  of  cake  is  verj^  diffieult 
digest,  while,  moreover,  its  taste  is  so  unpleasant  aa  to  create  no  appetite. 
ain,  if  the  cake  is  dried  at  the  boiling-point  of  water,  it  becomes  like  a  dried 
I  pft8t4?i,  wliich  ia  alao  very  difficult  to  digest.  When  this  tempernture  only  nctM 
I  tittt  snrface  of  such  dough,  and  doea  not  peuetraie  into  the  inb  rior,  thu  rtaulting 
ke  wUl  be  a  mixture  somewhat  similar  io  ship's  biscuit,  which  may  always  be 
mddered  ns  a  strongly -dried  dough,  and  allhou^jh  it  may  be  preserved  for  almost 
Itiy  lenglh  of  time,  it  is  far  less  digestible  t!mu  bread.  The  object  of  tlie  baking 
cess  lA  t«  impart  to  the  dough  m  high  a  degree  of  heat  as  to  render  the  starch 
otiihlii,  while  it  is  further  desired  to  form  a  light  spongy  mass,  instead  of  a 
■iitJe  or  watery  paste ;  tlie  heat  should  be  strong  enough  to  torrify  and  niat>t  tlie 
surface  of  the  bread  mass  to  such  an  extent  as  to  form  a  deeply  coloured 
whereby  not  only  the  taste  of  the  bread  is  greatly  improved,  but  it  can 
be  kept  in  good  condition  for  some  time*  The  usual  means  of  rendering 
ttgh  spongy  is  by  vinous  fermentation  set  up  by  the  addition  of  a  ferment,  thia 
Ring  cither  leaven  or  ye^ist ;  a  small  portion  of  tlie  stardi  of  the  tlour  is  thus 
dvert^Hl  into  glucose,  which  ia  then  deoomposed*  yielding  alcohol  and  carbonic  acid 
;  the  latter,  while  trying  to  escape,  is  prevented  from  doing  so  by  tJie  touglmosa 

'  dough,  wliich  is  thereby  rendered  spongy- 
he  alcohol  is  of  no  consequence  whatever.  Wldte  brejad  is  prepared  with 
rli»«aton  ilour  and  yeast;  rye  meal  or  a  mixture  of  rye  meal  and  \vheaten  flour  >vith 
iven.  yic'lds  "black*'  or  rie  bread.  Heeren  found  that  Hour  in  the  state  in 
fHicb  it  is  usually  applied  for  bread  baking  contains  an  average  of  13  per  cent 
tisture. 

iXMaiiMof  bTMdBAUDf.      Tlie  raw  materials  employed  in  the  preparation  of  bread  are 
r.  water,  and  a  ferment ,  salt,  spices,  &c.,  are  also  used.     The  com  post  tiou  of  tlio 
;  important  kinds  of  Jlour  and  meals  is  as  follows : — 
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a. 

5. 

e. 

i. 

1554 

14*60 

i4'oo 

ii'TO 

1*34 

1-56 

I'30 

124 

176 

2-92 

360 

325 

037 

090 

1-34 

015 

519 

7*36 

8-24 

14-84 

350 

— 

— 

— 

2-33 

346 

3*04 

219 

625 

410 

6-33 

2-8i 

107 

r8o 

2*23 

567 

63-64 

.  6428 

5315 

58-13 

— 

— 

685 

— 

IT  ub^r    •••     •••     •••     ••• 

Albumen       

Vegetable  glue     

Casein 

Fibrin    

Gluten 

Sugar    

Gum      

X  ai        •••     •••     •••     ••• 

Starch 

Sand      

a.  "Wheat  flour,    h.  Bye  meal.    c.  Barley  meal.    d.  Oatmeal. 

In  addition  to  these  lands  of  meal,  those  derived  from  zea-mals  (Indian  eon) 
beans,  peas,  &c.,  are  occasionally  employed  for  making  bread. 

The  principal  phases  of  the  preparation  are : — 

^J!ld'{K2,2d£j!^^  I-  The  mixing  of  tlie  flour  witli  water  is  the  first  manipuktkiB 
of  the  baking  process.  The  object  of  this  operation  is  first  to  render  dextrin  md 
sugar  (owing  to  tlio  action  of  the  gluten  upon  the  starch,  the  quantity  of  sogir 
becomes  increased  while  the  mixing  process  is  going  on)  and  some  albuminoa 
substances  soluble,  and  next  to  mix  tlie  solution  thus  formed  thoronghly  mith 
tlie  starch  and  gluten  of  tlie  flour,  and  to  soak  and  somewhat  dissociate  these 
substances ;  dry  yeast  or  leaven  are  at  the  same  time  added  to  the  bread  mass,  the 
former  ferment  being  used  when  it  is  intended  to  make  white;  the  latter  when 
black  bread  is  desired  to  be  made. 

By  sour  dough  or  leaven  is  understood  Uiat  portion  of  the  already  fenuenfing 
dough  which  is  set  apart  and  kept  for  tlie  next  baking  operation ;  it  consists  of  t 
mixture  of  flour  and  water,  in  wliich  a  portion  of  tlie  starch  is  convertei— 
partly  into  sugar,  which  is  again  changed  by  vinous  fermentation,  and  acetic 
acid — but  cliiefly  into  lactic  acid,  by  a  process  of  fermentation  set  up  by  ihe 
peculiar  conversion  into  active  ferments  of  the  .protein  compounds  of  the  flour 
itself.  Leaven  therefore  acts  as  a  fermentation-producing  substance  in  a  frefh 
batch  of  dough,  its  action  being  similar  to  that  of  yeast,  or  of  already  fermenting 
wort  when  added  to  a  freslily  made  wort.  After  a  length  of  time  the  leaven 
becomes  putrid  and  unfit  for  use  as  a  ferment.  As  regards  the  quantity  of  leartif 
to  be  used  with  tlie  dough  nothing  definite  can  be  said,  since  it  depends  ii 
much  on  the  degree  of  sourness  of  the  leaven  as  on  the  quality  of  the  bread  in* 
tended  to  be  made ;  usually  4  parts  of  leaven  are  added  to  100  parts  of  flour,  or  to 
80  parts  of  bread  3  parts  of  leaven.  In  the  case  of  wliite  bread,  100  parts  of  floor 
require  2  parts  of  dry  yeast.  The  mixing  of  the  flour  is  eflected  with  lukewarm 
water,  at  a  temperature  of  from  21°  to  37^. 

Knoftiiintc  The  tliin  dough  obtained  from  flour,  water,  and  ferment,  is  dredged  over 
with  dry  flour,  and  placed  in  a  warm  situation  for  a  time,  generally  during  the 
night.  Fermentation  is  thus  set  up  by  the  action  of  the  ferment  upon  the  dexirow 
of  the  dougli,  the  carbonic  acid  developed  rendering  the   dough  bpongy.     The 
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ng^  tlms  prppnred,  is  next  mixed  mih  more  flour  to  bring  it  to  the  consistency 
cqaired  (or  the  baking,  this  tiperHtioii  being  known  as  the  kuetuiiiig  of  tlie 
nge.  The  method  usually  t-m ployed  ui  thestj  operations  is  ilmi  one- third  of 
be  totAi  tiuiuitity  of  tloiir  itH|iiired  for  a  hatch  ia  mixed  Jirst  with  water  and 
aenl,  and  when  tiiis  tim^n  hiis  cotne  into  full  fermentation,  llje  two  other  thirds 
ilour  u.re  kneadtd  up  aloDg  wiUi  the  tipoage,  buiEcieiit  water  bein^^  addetl  to 
a  normiil  dfiii^b,  ^yter  the  kneading  operation  tlie  dtmgh  is  again  dredged 
vet  with  some  dry  door,  and  left  in  a  warm  situation  for  tlie  purpose  nf  becoming 
orouglily  s|j«n^  :  for  this  continued  fermentation  only  about  half  the  time  is 
i]iiired  as  for  the  first-mentioned  fenueutatiou.  In  most  bakeries,  however,  this 
90 d  fexmenlation  is  not  proceeded  >vith,  but  the  dough  is,  immediately  after 
a\'ing  been  kucadetf,  cut  up  and  shaped  into  loaves. 

By  means  of  the  kneuiUn^jf  tlie  duU;Lfh  becomes  aqueeijed  togetlier,  and  lias,  there- 

6re,  again  to  be  left  in  a  warm  situation  lor  further  fernienl4itiou,  during  which 

t  bcnves  up  and  increases  to  double  its  sijee.     The  dough  is  generally  put  either  into 

Imaket  or  tied  in  a  $tout  cloth,  which  is  previously  duatt^d  oveT  witli  bran  to 

event  the  pasty  mass  adhering  to  the  cloth.    The  bulk  of  the  dough  increases 

irafold.      When    rye  brcfld  is  made»  tlie   dough  is  frequently  moistened   on  ita 

erual    surface    with    lukewarm    water,    tipplitid    by    tlio    aid    of   a    brush,  in 

der  to  prevent   cracks   in  thf   outer  coating   of  the   dough   by  tlie   evaporatir/n 

the  water;    just   before  puUiiig   the   loaves   into   the  oven  this   brushing  over 

water   is   repeated.      The    water    softens   tlie   outer    surface   of   tiie    dough, 

dissolves  some  of  the  dextrine  it  contains,  which  substance,  alter  the  evai>o- 

OH  of  tlie  water  from  the  gnrfaoe,  remains  as  a  glaze  upon  the  crust  of  this 

of  bread.      When  tlie  loaves  have  risen    sufficiently  and   exhale  a  vinous 

odour,  it  is  time  to  commence  the  haking  process^     Since  the  bread  loses 

tierably  in  weight  during  thi^  baking,  the  baker  must  propter  Li  on  &o  much  dough 

cb  loaf  before  baking  as  will  yield  the  legal  weight  of  the  baked  bread.     The 

irei^lit  of  dough  to  be  proportioneil  to  a  loaf  of  a  certain  fixed  weight  varies 

ccording  to  the  size  of  the  loaf*  but  increases  comparatively  with  decrease  in  lh« 

of  the  loaf.      The  dough  generally  loses  in  baking  about  25  per  cent  of  its 

r<aght.     The  smaller  the  loaf,  the-more  crust  in  proportion  to  nrumb  ;  and  since  tlie 

eoiiiaina    less    moisture,   and,  consi^quently,   weighs  less   tlian   ttie  crumb, 

eight  is  greater  in  a  BroaO  than  in  a  large  loaf. 

M.       The   kneading  of  tlie  dough  by   Jiand  is  not  only  very  heavy 

hut  is    unhealthy   and    objectionable    on  account  of   being   uncleau ;    the 

[form  quahly  of  tlie  dough   is.  moreover,  by  no  means  to   be  depended   upon. 

Utht>ugh  it  is  impossible  to  perform  by  machinery   any  labour  wliich  absolutely 

the  touch   of  the    human    hand,    bread -kneading    machinea    have   been 

'd   wherever  the   making    of  only   one   and   the  same  kind  of  bread   is 

.    Among  the  numerous  kinds  of  machines  invented  for  Uiis  purpose  we 

ct  for  description  that  of  Clayton  (see  fig,  343.)     The  constituents  of  the  dough 

re  placed  in  the  cylinder,  a,  mountetl  in  tlie  framework,  b  i>,  and   provided  w^itli 

uw  axles,  c  and  tf,  turning  in  their  benringa  at  e.    The  interior  of  the  cylinder  is 

I  with  Uie  framework./,  which  may  be  made  to  revolve  by  aid  of  the  axies  </  and  h. 

l!Sh«  two  halves  of  iliis  framework  are  connected  togetiier  by  the  diagonal  knives,  i  t, 

{which,  when    the  machinery  revolves,  work  up  the  dough;    the   trough  or  outer 

fhnder  revolves  in  the  op^josite  direction  to  the  revolution  of  the  framework*     TTie 
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crank,  o,  ia  connected  witli  the  axle  of  the  trough  or  outer  cylioder;  tb*  cnnk 
with  thiit   of  the  iiini^r  framework.      As  thtj   two  crftr»ks  are  turned  in 
directions  thej  impart  opposite  m;>¥emeiits  to  trough  and  framework.     The  tvxM 

Fio.  243. 


of  tlie- machinery  nmy  be  performed  by  one  man  by  the  aid  of  one  crank*  since  fbi 
axle.  At  of  the  crank,  0,  wliioh  i^  litted  U>  Uie  inner  fiume  by  means  of  Uie 
axle-tree,  and  revolves  along  with  it^  carries  a  couically -shaped  wheel,  m,  fiM 
tlie  wheel  h\  which  being  connected  with  I  Ciiusea  the  ti'ough  ako  to  revolve;  wli 
tlierefore»  tlie  wheel  m  inma  towards  the  riglit,  the  wheel  t  will  revolve  \ 
the  left. 

ThtOvML       The  conyersion  of  the  prepared  dongh  into  bread  by  baking  la  #1 
iu  an  oven,  ordinarily  a  circular   or  oval  hearth  or  furnace,  spanned  by  a^ 
constructed  with  au  opening  at  one  end  termed  tlic  mouth,  serving  abkc  ibr-j 
inlroduction  both  of  bread  and  of  the  fueh     The  oven  is  built  of  bricks 
togetlier  witli  fire-clay,  the  sole  of  tlie  hearth  being  hiid  with  tiles  or  lined 
tire-day.     The  vault  is  usually  elJiplical,  in  order  to  redect  the  beat  as  morkj 
possible.    The  moulh  ia  closed  Bitli   a  door  mude  of  boiler-plate  or  of  cast  i 
and  as  the  mouth  also  serves  as  au  exit  for  the  smoke,  a  tiue  is  constructed  at  1 
short  distance  above  it,  and  made  to  commumcate  with  the  chimney.    Two 
openings  iu  close  proximity  to  the  mouth  of  the  oven  serve  to  bum  therein 
pieces  of  wtiod  to  allord  light,  w  hilo  the  brend  is  being  placed  in  the  oven.     Tbirl 
necesstiry  for  the  combustion  of  the  fuel  enters  the  oven  from  tJie  lower  part  «/l 
nmuth,    whiJe  from    the  upper   the   gases   of  combustion  and   the   ^moke 
It  is  preferable,    however,    to   conslmct   these  ovens  with    a    separate   fin*  1 
chimney  communicating  with  another  part  of  the  vault,  and  to  fit  iXxe  flu*  1 
damper  to  re^iulate  the  draught  of  the  fire*      Fig.  244  exhibits  tlie  rerticsl  1 
tion.  and  Fig.  245  the  plau  of  the   8ole   of  a  baking    oven.     The  sole,  A,  wlj 
is  made  so  as  to  sloi*e   upwards  towards   tlie   back   of  the   oven,    lias  a 
of   3*1  metres,   and   a   depth    of   4   metres;    it   is  spanned  by  a    vault  05 
high.    The  mouth  is  o*8  metre  wide,     eee  are  the  flues  through  which  the  | 
of  combustion  pass  into  the  chimney,  n,  tlw  draught  being  regulated  by 
t!ie  damper,  w.     The  trench,  x,  affords  standing-room  for  the  baker.     Undrr  theo 
is  a  chuniber  serving  as  a  store-room  for  the  cotd.     The  space  E  serves  an  1  ] 
room  wherein  the  bread  is  placed  previous  to  being  put  into  the  oven  ii  ^f< 

the  dougli  may  rise.     Thoroughly  dried  wood  is  used  as  fuel;  it  is  ]- 
wise  upon  the  hearth.     Cools  iffe  used  in  England  as  fuel  for  ihiB  pur^ioss^ 


BREAD. 


455 


wtn  Hfts  readied  the  Tequircd  temperature*  when  a  piece  of  wood  ruhhetl  rni  the 

gives  off"  Rparki*.     Tlie  gbwitig  clmrcoul  ia  removed  throii^'h  the  mouth  of 

fifi  OTen,  and  extinguished  in  the  lower  chamber.     Before  the  bread  is  put  into  the 

oven  the  sole  is  carefully  cleaned  with  a  wet  swabber  fasteuidd  to  a  pole,  aiid  aah  and 
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^0n  having  been  removed  the  bread  ia  put  into  the  oven  with  the  aid  of  an 
en-shovel,  fixed  to  a  very  Uw^  handle.  The  proper  iempemture  of  the  oven  for 
iking  is  between  200''  and  225*  C.  Before  the  Inavea  are  put  into  the  ovtn  they 
brushed  over  with  wiiter  wherein  a  small  quantity  of  Hour  has  been  mixed,  in  order 
I  prevent  the  crust  of  the  hreiid  formed  by  tlie  first  action  of  the  heat  flying  off 
i  cracking  by  the  rapid  expansion 

tlie  vaiKUirs  formed  by  the  heat  '^''  ^^^' 

I  which  the  bread  is  ex|»osed.  Tbe 

iteiutt,  which  after  some  time  fills 

oven,    materially    assists    the 

ag  process,   and  very   grcntly 

ids    the  chemical   changes  which 

>  especially  apparent  in  the  cmsit, 

rhich   owes    its     glazpd     appear- 

nee  Uiereto.     The  time  necessary 

the  baking  varies  according  to 

size   of  tlie   loaves*  the   form, 

rid  the  kind  of  bread.     The  nearer 

tie  bread  approaches  to  a  globular 

Pi)rtn,    and    its    Burfaee     therefore 

elalivt'ly  smallest    in    relation    to    its    contents,    so    much    the    longer    time    is 

eceasary  for  the  baking.     Black  bread  takes  a  longer  time  to  bake  than  white 

id.     These  ovens  are,  however,  not  of  the  best  construction :   it  is  evident 

at  lliey  cannot  be  uniformly  heated  througliout,  while  they  cool  nne«]ually  also,  and 

pi  cour&e  most  t^ti  at  the  front  part  by  the  rusliing  in  of  cold  air.     After  every  batch 

bread  baked  it  therefore  becomes  necessary  to  fine  the  oven  again  for  a  short  tima 
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More  a  freah  bn^cli  of  bread  is  put  into  it ;  of  coarse  less  £ael  is  i>eqiiirwl  to  hrinf 
np  the  requisite  tempemture  again  than  will  be  required  wnen  firing  is  contmenoi^ 
When  the  bnldu^  of  bread  in  carried  nn  contiDunusly  and  on  ft  iniit]ttlketiififl| 
scale,  oveufi  are  employed  in  which  the  baking-  and  the  fire-rooms  are  separaltf  ml 
distini^t. 

BoiMUtntM  fwtii*  TtfmmiiM,      SuhstttuUs  for  tJtf  FcrmenU  in  the  '*  Eainng  **  of  Brmd  —^ 
have  seen  from  the  preceding  details   that  the  preparation  of  bread  is 
based  upiin  the  fact  that  hj  the  act  of  fermentation  the  gluten  of  tlie  floor  fat 
kind  of  cellular  ti&sue  bj  which  tlie  escape  of  the  carbonic  acid  is  prevented,  andt 
the  bread  reiulered  porous  and  spongy,  wliereby  its  digestibility  is  increased. 
quality  of  the  bread  is  obtained  at  the  cost  of  a  portitm  of  tlie  starch  of  Uit?  fintTt 
wliich  is  first  converted  into  starch -sugar,  and  tlien  by  means  of  fenneulatiuii  i&to 
alcohol  and  carbonic  acid  gas ;  to  the  expansion  of  the  latter  the   brea<l  owes  to 
spongy  texture.      Many  attempts  have  been   made  for   the  purpose   of  etferunj 
the  **  raising  '*  of  the   bread,    as  it  is  tenned,  without   tlie  use  of  a  ferment*  , 
introducing    into    tlto    dough   some    gas-   or  yapour-producing    substance,   m 
would  have  the  same  mechanical  effect  at  least  as  the  carbonic  acid  deriv«4 
the  fermentation.     Although  the  problem  of  preparing  bread  of  good  quali^  i 
the  aid  of  Jermentatiou   cannot  be  said   to  be  quite  settled,  many  propixaala 
b(?en  made  in  tlds  direction,  and  some  of  these  deserve  notice ;  we  therefore  i 
the  most  important.     When   seaquicarbonate  of  ammonia  (tlie  s«5- called   ml 
cervi  of  pharmacy)  is  added  in  siiiall  quantity  to  the  dough,  it  will  cause  the  \ 
of  tlie  same,  partly  because  some  acid  is  always  present  in  the  dough,  mh 
the  Halt   is  decomposed  and  earboidc  acid  set  free»  partly  because   by  the 
the  oyen  the  salt  is  yohitiliBcd,  and  by  assuming  the  state  of  vapour 
expansion   and   consequent   sponginess    of    the   douglh      Xiiebig    recommtfndft  I 
addition  of  bicnrbouate  of  soda  and  hydrochloric  acid  to  the  doughs  the 
acid  being  evolved  according  to  the  formula  (NoHCO^+HCl^NaCl-i-HjO-fG 
with  the  formation  of  common  salt  which  remains  in  the  dough.     The  pr 
are  as  follows: — To  lOo  kilos,  of  meal  for  making  black  bread  i  kilo*  of  bica 
of  soda  is  taken,  and  4  25  kilos,  of  hydroehlorie  acid  of  i  063  sp,  gr.  (=9*5"  B.  =  i|" 
per  cent  C1H)»  yielJing  i  75  to  z  kilos,  of  common  salt ;  the  quantity  of  w»ter  U>Um 
added  araonnte  to  from  79  to  80  litres.     From  this  mixture  is  obtained  150 
bread.     The  proportion  of  tJie  bicarbonate  of  soda  to  the  hydroehh>ric  acid 
arranged  that  5  grms.  of  tlie  former  are  fully  saturated  by  33  o.c.  of  the  latter,  leavittg  m 
the  bread  a  faintly  acid  reaction.    The  substance  known  and  sold  as  Hereford 'si 
powder,  also  reoomraended  by  Liebig,  is  preferable  and  more  readily  appUed, 
powder  consists  of  two  separate  preparations,  viz,,  the  acid  powder  tacid 
of  hme  with  acid  phosphate  of  magnesia),  the  other  the  alkali  powder  ta  mixti 
50-3  grms.  of  bicarbonnte  of  soda  and  443  grms.  of   chloride  of  potassium). 
100  Idlos.  of  flour,  2^6  kilos,  of  the  acid  powder^  and  16  kilos,  of  the  alkali  ptmitt 
are  added.     During  the  kneading  the  following  changes  occur:  the  biG&rb<mate  uf 
soda  and  chloride  of  potassium   are  first  converted  into  chloride  of  sodium  tad 
bicarbonate  of  potash^  the  latter  salt  being  in  its  turn  decomposed  by  th«  soi 
phosphate,  whereby  carbonic   acid  is   set  free.     By  tlie  use  of  Uiis  baki' 
is  possible  to  make   flour  into  bread  within  two  hour's  time,  wlule,  in 
potmds  of  Eoar  yield  10  to  la  per  cent  more  bread  than  with  the  b«!st  m* ' 
baking  in  the  usual  way.     The  plan  of  incorporating  pure  carbonic  acid  1;*^- 
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^w  dungJi  has  been  frequently  taken  up  and  abandoned  aguin  ;  maxij  inah  h$Lve 
^bn  made  in  this  direction «  and  the  process  has  its  oppcmoats  &»  well  iid  itf 
^■fendf^rs.  Of  later  years  the  late  Dr.  Dnughsh  and  Mr.  Bouslield  have  taken  this 
fplljflct  up,  awl  afUr  having  obtained  a  patent  Imve  BiarU^d  tiio  Aerated  Bread 
C<»inpany,  This  prtirt-as  as  t-arried  ont  in  practice  is  best  des€rib*3d  by  au  t'xtroot 
from  Dr.  Diiii^'lislfs  yiftnipMtt.  using  hm  own  words: — 

'*  I  tirst  prepare  tlie  water  which  is  to  be  used  in  forming  the  liongh  by  placing  it 

iA  a  strtiOif  vessfil  capable  of  t*earin^f  a  high  preasurej  and  forcing  carbonic  acid  into 

2tu>tlie  extent  of  ten  or, twelve  atmospherea,  taldng  advantage  of  the  well-knoi^Ti 

Hnscity  of  wat^r  for  abr^orbing  carbonic  acid,  whatever  its  donsily,  in  quantities 

miLftl  to  iU  (}Wn  bulk.     The  water  &o  prepared  wiO  of  course  retain  the  carbonic  aeid 

in  solution  so  long  a^  it  m  retained  in  a  cb>se  vessel  under  the  same  pressure.    I  tliere- 

forc  place  the  llour  and  salt  of  which  the  dough  in  to  be  fonned  aUo  in  a  close 

ressel  capable  of  bearing   a  high   pressure.     Within   tliis   vessel,   wliioh  in   of  a 

spheroidal  form,  a  simply  constructed  kneading  apparatus  is  hxed,  working  from 

witliout  tJm>ugh  a  closely  piicked  stuffing  box.     Into  this  vessel  I  force  an  e<|ual 

pressture  tcj  that  which  is  maintained  on  the  aerated  water  vessel;    and  then,  b^* 

I  of  a  pipe  eonnecting  tlie  two  vessels,  I  draw  the  water  into  the  flour  and  set 

t  kneading  apparntii^  to  work  at  the  same  time.     By  this  arrangemeut  the  water 

simply  a^  linq^id  water  among  the  ilour,  the  tiour  and  water  are  mixed  and 

ded  together  into  paste,  and  to  such  an  extent  as  sbaU  give  it  tlie  necessary 

iity.    After  tliis  is  accomplished  the  pressure  is  releiviefJ.  Uie  gas  escapes  from 

>  water,  and  in  doing  so  raises  the  dough  in  the  most  beautiful  and  expeditioua 

aer.     It  will  be  qnite  unnecessary  for  me  to  point  out  how  perfect  mui>t  be  the 

aical  structure  that  results  from  this  metliod  of  raising  dough.     In  t)ie  first 

qe,  Uie  mixing  and  kneading  of  the  Hour  and  water  together,  before  any  vesicular 

p«ty  is  imparted  to  tlie  mass,  render  the  most  complete  incor|>orution  of  the  dour 

and  water  a  matter  of  very  ea^iy  accomphshment ;  and  this  being  secured,  it  is  evident 

^bat  the  gas  which  fonns  the    vesicle*  or  sponge^  when  it  is  released*   must  be 

^■spenaed  through  the  mass  in  a  manner  which  no  other  method — fermentiition  not 

i^xeepted — c^>uld  accomplish*     Rut  besides  tlie  advantages  of  kneading  the  dongh 

before  the  vesicle  is  tormed,  in  the  manner  above-meutioued^  there  is  auulber  and 

perhaps  a  more  important  one  from  what  it  is  likely  to  effect  by  giving  scope  to  the 

iatrcidiiction  of  new  materials  into  bread  making ;  and  that  is,  I  lind  that  powerfid 

machine  kneading  continued  for  several  minutes  has  the  effect  of  imparting  to  tlie 

dough  tenacity  or  toughness.     In  Messrs.  Carr  and  Co.'s  machine,  at  Carlisle^  we 

ha^^e  kneaded  some  w beaten  dough  for  half-an-hour,  and  tlie  result  has  been  tliat 

tJie  duugh  has  been  so  tough  that  it  resembled  bird-lime*  and  it  was  with  tlitbculty 

pnlltd  to  pieces  with  the  hand.     Other  materials,  such  as   rye,   barley,   kc,   are 

affected  in  the  same  maimer ;  so  that  by  thus  kneading  I  am  able  to  impart  to 

dough,  made  from  materials  which  otlierwise  would  not  have  made  light  bread,  from 

Uifir  wanting  that  quality  in  tlieir  gluten  which  is  capable  of  holding  or  retaining, 

H^  same  degree  of  lightness  which  no  other  method  is  capable  of  effticting.     And  I 

^■pc  sanguine  of  being  able  to  make  from  rye,  barley,  oaimeab  and  other  wiiolesome 

^kd  nutritious  substances,  bread  as  light  and  sweet  as  the  finest  wheaten  bread. 

^Bae  reason  why  my  process  makes  a  bread  so  different  from  all  otlier  processes 

Hrhere  fennentation  is  not  followed  Ib,  that  I  am  enabled  to  knead  tlie  bread  to  any 

^Ktent  without  spoiling  its  vesicular  property,  whikt  all  other  un fermented  breads 
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are  merely  mixed,  not  kneaded.  The  property  thus  imparted  to  my  bread  by 
kneftdijig  renders  it  less  dependent  on  being  placed  immedintely  in  tiie  own 
It  certainly  cannot  gain  by  bt4n^  allowed  to  stand  alter  the  dough  ia  formed ;  liut  it 
bears  well  the  necessarj*  standing  and  waiting  reqnired  for  preparing  the  loftves  hi 
baking; 

"Tiitjre  is  one  point  which  requires  care  in  ray  process,  and  that  is  the  biikiiigt!' 
tlie  dough  ia  excessively  cold,  first,  because  cold  water  is  used  in  the  process,  uil 
next  because  of  its  sudden  expansion  on  rising.     It  is  thus  placed  in  the  oven  sobm 
40^  F,  in  tempernture  lower  than  the  ordinary  fermented  bread.     This,  together  with 
it«  slow  springing  until  it  reacbes  the  Ijoi ling-point,  renders  it  essential  that    ! 
cntJ^t  shall  not  he  formed  until  the  vt»ry  last  moment.     Thus,  I  have  been  oM 
liave  ovens  conslrucled  which  are  heated  through  the  bottom,  and  are  fn 
^^i til  means  of  regnkting  the  heat  of  the  top,  so  tliat  the  bread  is  cooked  1 
the  but  torn;  and,  just  at  the  last»  tlie  i^p  heat  is  put  on  and  the  top  crnsl  formel] 

**  With  regard  to  the  gain  effected  by  saving  the  loss  of  fermentation.  1  may  i 
what  must  be  evident,  tliat  the  weight  of  the  dough  is  always  exactly  the  snm  i 
weight  of  tltmr,  water,  and  anlt  put  into  tlie  mixing  vessel,  and  that  in  all 
experiments  at  Carlisle  we  invariably  made  118  loaves  from  the  Mime  w«tgiif| 
fltmr  wliidi  by  fermeutiition  made  only  105  and  106,  Our  adviintnge  in  gain  1 
feiinontation  can  only  be  equal  to  the  loss  of  formentalion.  As  there  tias  ! 
considerable  difference  of  opinion  among  men  of  science  with  resp<?ct  to  the  1 
this  loss — some  stating  it  to  be  as  high  as  17I  per  cent  and  others  so  loir  M  1 
cent — I  will  here  say  a  few  words  on  the  subject.  Those  who  have  slated  tlia  J 
be  as  high  as  17 1  percent  have,  in  support  of  their  position,  pointed  to  the  1 
yield  from  the  sume  flour  of  bread  when  niatle  by  non- fermentation  compaix*d 
that  mfide  by  fennentarion.  Wliilst  those  who  have  opposed  tliis  assertion,  1 
stated  the  loss  to  be  but  1  per  cent  or  little  more,  have  declared  the  gain  in  ' 
be  simply  a  gain  of  extra  water,  and  have  based  tlieir  calcnlationa  of 
destruction  of  muterial  caused  by  the  generation  of  the  necessary  quantity  of  < 
acid  to  render  the  bread  light.  St^jirting.  then,  with  the  assumption  that  light  I 
contains  in  bulk  half  solid  matter  and  half  aeriform,  iljey  have  oalcuJaled  that  1 
quantity  of  aerifonn  matter  ia  obtained  by  a  destruction  of  but  1  p€^r  cent  ut  1 
inaterial.  In  tins  calculation  the  loss  of  carbonic  acid^  by  its  escape  throngh  dii 
mass  of  dough  during  the  process  of  fermentation  and  manufacture,  does  not  1 
to  have  been  taken  into  account,  that  our  calculations  may  be  correct, 

'*  One  of  tlie  strongest  proofs  that  the  escape  of  gas  through  ordinary  soft 
dough  is  ver\^  large  arises  from  the  fact,  that  when  biscuit  dough,  in  which  th«irt  1 
mixture  of  fatly  matter,  is  prepared  by  my  process,  about  half  iha  quantity  nf  gas  t 
is  needed  to  obtain  an  equal  amount  of  lightness  with  dough  tliat  is  made  of  1 
and  water  only,  tlie  fatty  matter  acting  to  prevent  the  escape  of  g««  from  th«  doii|lL 
Other  matters  wiU  operate  in  a  similar  manner — boiled  ilour,  for  instance,  add* 
small  quantiti*  s*     But  the  assnmplion  tJint  light  bread  is  only  half  aerifnnn  1 
is  altogether  erroneous.      Never  bt'fore  has  there  l>een  so   complete  a   ni»»l 
testing  what  proportiun  the  acuform   bears  to  the  solid  in  light  bren^d  as  thai  1 
my  prwess  affrirfli>.     The  mixing  vessel  at  Messrs.  Carr  and  Go's.  Worka,  ( 
liaa  an  intenuil  capHcity  of  10  bushels.     When  3  J  bushels  of  tlonr  are  put  into  I 
vessel  and  formed  into  spongj^  bread  dough,  by  my  process  it  ia  quite  falL 
en  tlour  is  mixed  ^vith  water  into  paste,  the  paste  measures  rather  leas  UiM  1 
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tho  bulk  of  the  original  dry  floor.  This  will,  therefore,  represent  about  ti  bushels  of 
solid  matter  expanded  into  lo  bushels  of  spongy  dough,  showing  in  the  dough 
nearly  5  parts  aeriform  to  i  solid :  and  in  all  instances,  if  the  baking  of  tJiis  dough 
has  not  been  accomplished  so  as  to  secure  the  loaves  to  spring  to  at  least  double  their 
size  in  the  oven,  they  have  always  come  out  heavy  bread  when  compared  with  the 
ordinary  fermented  loaves.  This  gives  tlie  relative  proportion  of  aeriform  to  solid  in 
light  bread  at  least  as  10  to  i,  and  at  once  raises  the  loss  by  fermentation  from  i  to  10 
per  cent,  without  taking  into  account  the  loss  of  gas  by  its  passage  through  the  mass 
of  dough. 

*•  I  may  be  allowed  here  to  state,  what  will  be  evident  to  all,  that  the  absence 
of  ever^'thing  but  flour,  water,  and  salt,  must  render  it  absolutely  pure ;  that  its 
sweetness  cannot  be  equalled  except  by  bread  to  which  sweet  materials  are  super- 
added ;  that,  unlike  all  other  unfermented  bread,  it  makes  excellent  toast ;  and,  on 
account  of  its  high  absorbent  power,  it  makes  the  most  delicious  sop,  X)uddings,  &c., 
and  also  excellent  poultices.  Sop,  pudding,  and  poultice  made  from  this  bread,  how- 
ever, differ  somewhat  from  those  made  from  fermented  bread,  in  being  somewhat. 
richer  or  more  glutinous.  This  arises  from  the  fact  of  the  gluten  not  haiiug  been 
changed  or  rendered  soluble  in  the  manner  caused  by  fermentation ;  but  that  this  is  a 
good  quality  rather  than  a  bad  one  is  evident  from  the  fact,  tliat  the  richer  and  purer 
fermented  bread  is,  the  more  glutinous  are  the  sops,  &c.,  made  from  it :  and  the 
poorer  and  more  adulterated  with  alum  it  is,  the  freer  the  sops,  &c.,  are  of 
this  quality." 

It  should  bo  observed  that  the  alcohol  formed  during  the  fermentation  of  the 
bread  and  volatilised  by  tlie  heat  of  the  oven,  ants  along  with  the  carbonic  acid 
in  rendering  the  dough  spongy  ;  upon  this  action  of  the  alcohol  is  based  the  apphca- 
tion  of  rum  or  brandy,  which  in  small  quantities  are  added  to  pastry  and  puddings 
made  with  flour,  suet,  eggs,  sugar,  butter,  &c. 

rydd  of  Brcftd.  As  regards  the  quantity  of  bread  obtained  from  a  given  quantity 
of  flour,  it  varies  according  to  the  quality  of  the  latter ;  100  kilos,  of  flour  usually 
yield  from  125  to  135  kilos,  of  bread. 

compoiiiioo  of  Bread.  The  flour  from  various  kinds  of  grain  contain  in  its  ordinary 
air  dry  condition  from  13  to  16  per  cent  of  water;  by  its  conversion  into  bread  tho 
flour  takes  up  much  more  water.  100  pounds  of  fine  wh eaten  flour  combine  with  50 
pounds  of  water,  and  give  150  pounds  of  bread.  The  composition  of  the  flour  and 
of  the  bread  is,  therefore,  as  follows : — 

"Wheaten  Flour.      Wheaten  Bread. 

Dry  flour         84  84 

Water  originally  contained  in  the  flour  16  16 

Water  added  for  making  the  dough   ...  —  50 

100  150 

According  to  Heeren,  100  pounds  of  wheaten  flour  yield  at  least  125  to  126  pounds 
of  bread ;  100  pounds  of  rye  meal,  131  pounds  of  bread.  Fresh  wheaten  bread  con- 
tains 9  per  cent  of  soluble  starch  and  dextrin,  40  per  cent  of  unchanged  starch,  65 
per  cent  of  protein  comi)ounds,  and  from  40  to  45  per  cent  of  water.  As  is  generally 
known  newly  baked  bread  possesses  a  peculiar  softness,  and  is  at  the  same  time 
tough ;  does  not  yield  crumbs  readily :  after  one  or  more  days'  keeping,  the  bread 
loses  tliis  softness,  becomes  dry,  crumbles  readily,  and  is  tlien  called  stale  or  old 
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bread;  it  is  usually  supposed  that  this  change  is  due  to  a  loM  of  water;  bat 
according  to  the  researches  of  Bousainganlt,  stale  bread  containa  just  aa  much  water 
as  fresh  bread ;  the  alteration  is  solely  due  to  a  difbxent  moleenlar  ooaditian  of  the 
bread. 

jmvaiiiUuimAj^^tum  -^Vhen  the  flour  intended  for  the  preparation  of  bread  is  mm 
or  less  decayed,  the  gluten  it  contains  is  thereby  altered ;  the  earbooio  add  erohel 
during  the  fermentation  of  the  bread  does  not  render  the  dough  spongy,  bat  M 
becomes,  owing  to  the  altered  state  of  the  gluten,  a  more  or  less  slimy  maoa,  wUd 
yields  a  tough  and  far  less  white-coloured  bread ;  in  order  to  counteract  this  iAd, 
and  to  impart  a  good  appearance  to  the  bread  made  from  flour  iHiieh  has  been  duaa^ 
by  damp,  or  by  having  been  too  closely  confined  in  casks  and  thereby  heaNL  . 
the  bakers  in  Belgium  and  Northern  France  (and  may  we  not  say  of  Knglawd  toajb 
add  to  the  dough  a  small  quantity  of  sulphate  of  copper,  tyIw  to  wAvv  ;  the  ban  if 
this  salt  combines  with  the  gluten,  forming  therewith  an  insoluble  compound,  tfaM 
rendering  the  dough  tough  and  white,  and  capable  of  taking  a  large  quantity  tf 
water.  In  order  to  detect  the  sulphate  of  copper  in  the  bread,  a  portion  of  the  IirbI 
to  be  operated  upon  is  first  dried,  then  ignited,  and  the  copier  aeparated  tam 
the  ash  by  gently  washing  away  the  lighter  particles,  leaving  the  metallie  eoffff 
in  the  shape  of  small  shining  spangles.  In  England  alum  is  Yeiy  generally  adM 
to  bread.  In  Germany  the  addition  of  sulphate  of  copper  and  alum  (0*5  fir 
cent)  to  bread  is  prohibited  by  law,  but  in  some  parts  of  that  country  leaTca  il 
kept  in  copper  vessels,  whereby  verdigris  is  formed,  the  appearance  of  whichis  Iqra* 
means  disliked  by  the  bakers. 

The  Mamufactijbx  of  Yimeoab. 
vinevar.  and  iu  Orifiii.      The  fluid  kuowu  iu  commou  life  as  vinegar  is  essentially  a  nis* 
ture  of  acetic  acid  and  water.    Acetic  acid,  G2H4O2.  or  CsHj^l  O,  consists,  in  iii 
highest  degree  of  concentration,  in  100  parts,  of — 

Carbonic  acid      24  40*0 

Hydrogen    4  67 

Oxygen        32  533 

60  XOO'O 

and  is  formed  by  the  oxidation  of  alcohol  as  well  as  by  the  dry  distillation  of  edh* 
lose. 

As  regards  the  first  mode  of  formation,  the  process  of  the  conversion  of  alcohol 
into  acetic  acid  may  be  represented  by  the  following  formula: — 

1  mol.  alcohol  CaHeO  =  46  I     -  ia  i  ^  i>^ol.  acetic  add  C2H4O2  =  60 

2  „     oxygen         20=32  1^*^^*11    „    water  HaO=i8 

78  78 

Accordingly  100  parts  of  alcohol  should  give  129*5  parts  of  acetic  acid  of  the  fai^ieit 
degree  of  concentration.  The  process  of  conversion  is,  however,  by  no  metat 
so  simple  as  just  mentioned,  because  the  alcohol  is  not  at  once  conrerted  into  acetic 
acid,  but  first  converted  into  a  body  which  contains  less  oxygen  than  the  acetic  add, 
viz.,  aldehyde,  C2H4O.  The  conversion  of  the  alcohol  into  aoetio  aisid  may  be  elad- 
dated  in  the  following  manner : — 
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Alcohol  CsHdO     =46 

c  , .      .  -rr  r  Ha  becomes,  by  the  aid  of  O  taken  up 

Subtract  Ha=   3  I      from  the  air,  oxidised  to  HaO. 


Bemaiuder    1    n  v  n~~  aa 
Aldehyde    |   ^^^4^-^ 

Add 0  =  16      from  the  air. 

ZOO  kilos,  of  alcohol  therefore  need  300  kilos.  ( =  2322  hectolitres)  of  air,  con- 
taining 69  kilos,  of  oxygen,  for  the  conversion  of  the  alcohol  into  acetic  acid.  It  is, 
lioweyer,  evident,  tliat  in  practice  this  quantity  of  air  is  insufhcieut,  and  only  that 
portion  of  the  oxygen  which  is  in  the  state  of  ozone  is  capable  of  performing 
the  dnty  of  acetification.  Alcoholic  liquids,  in  order  to  become  converted  into 
Tinegar,  require  the  presence  of  a  peculiar  fungus  (cryptogamic  plant),  known  as 
Mgeoderma  aceti,  which  appears  to  act  as  tlie  carrier  of  the  oxygen  of  the  air, 
which  is  also  by  it  rendered  active  and  given  up  to  the  alcohol. 

The  origin  of  vinegar  or  acetic  acid  as  a  product  of  the  dry  distillation  of  cellu- 
loae  cannot  be  elucidated  by  a  simple  formula,  because  there  are  formed  in 
addition  to  acetic  acid  a  large  number  of  other  compounds,  among  which  are  gaseous 
and  fluid  hydrocarbons,  wood  spirit,  aceton,  creosote,  oxyphenic  acid,  tar,  &c., 
the  relative  quantity  of  which  depends  not  only  upon  the  temperature  at 
which  the  distillation  took  place,  but  also  upon  tlie  shape  of  the  retorts  used, 
the  quantity  of  hygroscopic  water  contained  in  the  wood,  &c. 

a.  Preparation  of  Vintgar  from  Alcoliolic  Fluids. 
TiMipirfRnnAioohoL  When  alcohol  is  left  exposed  to  air  or  to  pure  oxygen  it  is  not 
converted  into  acetic  acid.  Nevertheless  the  conversion  is  due  to  the  alcohol 
becoming  oxidised ;  therefore  it  is  evident  the  alcohol  must  be  placed  under  such  con- 
ditions as  arc  most  favourable  to  the  formation  of  vinegar.  In  Uiis,  as  in  many  other 
chemico-technical  processes,  practical  experience  is  the  best  teacher.  The  most 
important  points  are,  of  course,  the  preparation  of  vinegar  in  the  shortest  time  with 
the  least  expenditure  of  alcohol.  The  conditions  most  favourable  to  the  formation  of 
•vinegar  on  the  large  scale  are  the  following : — 

1.  The  alcoholic  fluid — ^prepared  from  grape  wine  or  fruit  wine,  fermented  malt 
infusion,  beer,  and  brandy — sliould  be  sufficiently  diluted  :  it  should  contain  not  more 
than  10  per  cent  of  alcohol.  Experience  has  proved  that  fluids  prepared  by 
the  direct  application  of  alcoholic  fermentation,  viz.  wine,  beer,  &c.,  are  more 
readily  converted  into  vinegar  tlian  mixtures  of  brandy  or  alcohol  and  water.  But 
too  great  a  dilution  should  be  avoided  ;  for  although  a  liquid  containing  3  per  cent  or 
less  alcoliol  can  be  converted  into  vinegar,  the  acetification  proceeds  very  slowly  in 
80  dilute  liquids. 

2.  A  suitable  temperature — not  above  36**  C,  not  below  10°  to  12**  C.  At  a  tempe- 
rature of  y°  C.  and  less  the  fonnation  of  vinegar  no  longer  takes  place,  a  fact 
usually  overlooked  when  the  advantages,  of  keeping  beer  and  other  fermented 
liquids  in  ice  pits  or  very  cool  cellars  are  enumerated.  Above  40**  to  60°  the  acetifi- 
cation proceeds  very  rapidly,  but  there  is  a  loss  of  alcohol  and  vinegar  by  evapo- 
ration. 

3.  A  plentiful  supply  of  air  or  oxygen  to  the  alcoholic  fluid  and  an  intimate  con- 
tact between  the  two.    Small  quantities  of  alcoholic  fluid  with  an  extended  surface 
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are  more  readily  converted  into  vinegar  than  largo  bulks  of  fluid,  beoftOae  Cbe 
present  a  larger  number  of  points  of  contact. 

4.  The  presence  of  substitnces  wJiich  conduce  to  the  formation  of  vinrgtr ; 
are  as  regards  their  action  similar  to  the  ferments,  and  are  tljerefore  colled  ncctic  usA 
or  sour  prodmun-r  feriDents  ;  but  Ihe  acetilicadon  is  not  a  ph ysioIogiciU  process,  t&  if 
vinous  fertnentatiun.  but  simply  one  of  oxidation*  The  bci^t  ferment  is  vincgsr,  Rud 
all  substances  ini|>ngniitcd  witli  it,  sttch  as  for  instance  flic  so -railed  vine*^»mr  pliirl, 
die  Mijcodenna  aieti ;  it  was  fomierly  thought  that  the  vinegar  inyood^rins  stood  t8 
alcohul  and  vinegar  in  the  snine  relation  as  yeast  btands  to  sugar  and  alooliol^  bat  ihif 
opinion  is  correct  only  bo  far  as  the  addition  of  Mifcvderma  aceti  to  an 
fluid,  as  proved  by  Pasteur's  experiments  (i86a),  is  alike  in  the  action  of  small 
titles  of  vinegar  and  otlier  acetihcatioo-indufing  substances  upon  wooden  - 
chips  of  ivood  thorouglily  iniprc^iatcd  with  vinegar;  many  of  tliese  aubstui 
tuin  pnr ticks  'which  nre  undergoing  n  process  <jf  oxidatiiut  {pfolecvlif  en  moj' 
and  by  coming  into  contact  with  alcohol  they  draw  that  fluid  into  a  course  of  ox.. 
ftko.  Pure  ac^^tic  acid  is  therefore  incapable  of  inducing  acetitication,  but  rim 
the  contrary,  is  capable  of  doing  so  because  it  always  contains  smaller  or  iarge^r  (JJ 
titles  of  the  protein  cnmpounds  alluded  to  ;  but  unless  these  are  in  tk 
state  of  activiry  they  are  useless ;  this  is  sliown  by  plaLiimm  black  and 
platinum,  both  of  which  are  capable  of  converting  alcohul  imiuediately  into 
acid.  We  may  therefore  conclude  tliat,  by  the  presence  of  Myt'fMlerttui  tu^ti  as  «<41 
as  of  simngy  platinum,  the  oxygen  of  tJie  air  is  rendered  active — ozoniscxi — ukI 
only  ozonised  oxygen  is  capable  of  converting  alcohol  into  vinegar.  Acetie 
therefore,  an  oxidation  product,  not  one  of  tlie  Mtfcotltrimt.  A  more  aci 
tigation  of  the  hehavioiir  of  peroxide  of  hytlrogen  and  other  o^one-e 
producing  materials  with  mixtures  of  alcohol  and  water,  will  no  doubt  lead 
better  knowledge  of  the  theory  of  acetjficadon,  and  may  lead  also  to  a  more 
and  improved  mode  of  vinegar  making, 

p»>MM>m«uQf  vin**»rronii»u^jn.      AcetiJication  exliibita  phenomena  w-hicli  are  imj 
for  observation  because  they  intlicate  the  progress  of  the  converwem  of  th^ 
into  acetic   acid ;   these   phunomcna  are  paiily  of  a  chemical,  portly  of  a  phr 
kind.     In  proportion  as  tJie  Jormatiou  of  vinegar  advances,  the  alcoholic  Unid 
its  peculiar  tiavour  and  oflour,  and  acquires  tlie  refreshing  sour  taste  of  vinegar, 
the  physical  phenomena  belong:—!.  An  iocrease  in  tjie  specific  gravity  of  tlie 
and  (2)  an  increase  of  tlie  temperature.     The  increase  of  tetnperEture  is  due  1^1 
conversion  of  the  oxygen  from  a  gas  to  a  fluid.      The  more  active  the  alnonplko] 
oxygen  the  higher  the  temperature. 

T»\  [■■'(      Aecordint;  to  tlie  substance  from  which  vinegar  la  prepaned 

foil-  lids  are   distinguished: — 1.  Wine  vinegar,   prepared   from   wine, 

containing  in  addition  to  acetic  acid  many  of  tlie  other  constituents  of  wine^ 
tartaric  acid,  succinic  acid,  and  certain  kinds  of  etliers,  the  latter  imparting  lo 
vinegar  its  peculiarly   agreeable   flavour   and   odour.      2.   Brandy   vijiegar, 
vinegar,  or  artificial  wine  ^-inegar,  generally  only  a  mixture  of  acetic  acid  and 
with  a  small  quantity  of  acetic  ether.     3.  Fruit  vinegar,  prepared  from  dd«r 
perry  and  contuining  acetic  and  malic   acids,      4.   Beer,  malt,  or  grain  vini 
prepared   from   no n -hopped   beer   wort,   and  containing,   besides   acetic   aciit 
extractive  matters,  such    as,  for  instnnce,  dextrin,   nitrogenous   oonslituenta 
phosphates.     5.  Vinegar  from  the  sugar  beet -root    The  roots  are  convertpd 
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Ipillp  ftnd  tJinn  pressed  ;  the  jaice  ii  next  diluted  with  water  and  afterwarda  boileil, 
ITlieti  suffirit^nlly  cookd.  yeast  is  added  and  alcoholic  fornietitfllion  set  up ;  this 
Aving  bt?cn  hnishtni  the  alcohol  contaioed  in  tti*?  litjuid  is  converted  into  vioegar, 
?Ue  vessel  in  wkich  the  acetiJlcation  takes  ylace  is  connected  with  a  blowing'  fan  ;  by 
lie  aid  of  a  plentiful  supply  of  air  and  the  kcepin;^  up  of  a  unifomi  lunipiTsitort'  tlie 
Icoholic  liquid  to  which  some  vinejiTar  has  been  added  is  rapidly  eouverled  into 
c«tic  acid,  6.  Vin^^jg^ar  prepared  frjm  the  so-called  wood  vinegar  or  acetic  acid 
netl  by  the  dry  distOlation  of  wood.  t 

i  r<^&rds  the  so-called  old  method  of  vinegar  makinj^  it  ia  without  doubt  an 
ion  of  tlie  spontaneous  souring  of  beer,  wine,  and  fermented  lifiuors  generally 
ud  on  conditions  w  hick  are  conducive  to  the  improvement  of  Hie  product ; 
uch  conditions  are — a  suihiLlc  temi>erature,  intimate  contact  of  the  ssouring 
iquor  with  air,  and  a  so-called  aeetirication-induciug  ferment.  This  method  is 
ery  generailly  employed  for  making  wine  vinegar,  French  vinegar  as  it  is  termed  in 
ilfi glands  but  may  of  course  be  used  for  malt  or  fruit  vinegar  making  as  welL 
Jeoerally  a  **  souring"  vessel  or  '*  mother''  vessel  made  of  oak  wood  ia  employed; 
bis  vat  is  first,  when  newly  made,  thoroughly  scalded  wilh  boiling  hot  water,  and 
rhen  thereby  tlie  extractive  matter  of  the  wowl  is  exliausled  the  ves!*el  is  tihed  with 
loilinjj^  hot  vinegar;  wdien  the  wood  is  soaked  with  vinegar  there  is  poured  into  tlie 
ressel  I  hectolitre  of  wine,  and  after  eight  days  again  10  litres  of  w  ine  are  added, 
ind  this  operation  continued  weekly  until  the  vessel  is  lilb d  for  two-tiiirds  of  its 
sobic capacity.  About  foiuteen  days  after  the  last  addition  of  the  wine  the  whole  of 
jbe  eontents  will  have  become  converted  into  vinegar.  Half  this  quantity  ia  with- 
Iniwn  from  the  souring  vessel  and  carried  to  the  store :  to  the  renmirKler  more  wine 
B  added,  and  the  prepuration  of  vinegar  proceeded  with  uninterniptedly  by  the  opera- 
ion  described.  A  souring  vessel  may  (Continue  to  serve  its  purpose  for  six  3'ears» 
Lnd  often  longer,  but  generally  at  the  end  of  this  time  there  in  colh.eied  in  the  vessel 
so  large  a  quantity  of  yeast  sediment,  argol.  stone,  and  other  matter  as  to 
render  the  thorough  cleansing  of  the  vessel  necessary ;  after  tfiis  ojjeration  it  is 
igain  fit  for  further  use.  Altliough  it  might  appear  that  in  this  process  of 
i£«ftificiition  tliere  is  no  great  contact  of  air,  and  the  tluid  is  apparently  quite  at  rest, 
;lierc'  is  a  constant  change  of  the  particles  of  the  surface  of  the  tluid.  owing  to  the 
hct  that  Qvery  drop  of  vinegar  formed  sinks  to  the  bottom  of  the  vessel,  or  at  least 
>elow  the  surfat!e,  owing  to  its  increased  specilic  gnivity;  while  as  regards  the  air, 
,htkt  portion  of  it  from  wliieh  the  oxygen  has  been  absorbed  by  becoming  specificaDy 
ii^ht«<r  l.c'9  sp.  gr.)  has  a  tendency  to  rise  upwards,  and  to  be  replaced  by  heavier 
lir  (I'O  sp.  gr.)  ,*  tlms  a  constant  circulation  of  air  is  provided. 

^■Icic  Tiacffar  3f aiQff.  Thc  Bo-called  quick  vinegar  process,  fuundod  on  an  older 
pfchod  of  viuegar  preparation  suggested  by  Boerlimive  in  1720.  was  first  introduced 
by  SchiitZL'nlmeh  in  iSaj.  The  chief  principle  of  this  method  t^onBists  in  bringing 
Llie  tluid»  gtriendly  brandy,  to  be  converted  into  vinegar  into  ultimate  coulact  with 
t|i«9  atmosphere  at  the  requisite  temperature,  or,  in  other  words,  tlie  oxidation  of  the 

rjol  to  acetic  acid  is  effected  in  the  shortest  lime  and  with  the  least  possible  loss, 
intimute  contact  of  the  fluid  with  ilie  air  is  etTected  by: — i.  Increasing  tlie 
qiiaiitity  of  air  admitted  by  means  of  a  coniiJiual  current  of  air  being  made  to  meet 
iHe  drops  of  Uie  lluid  intended  to  be  converted  into  vinegar  in  (»ppo^ite  direction  to 
tiiAt  in  wJiicli  these  drops  fall  downwards.  2.  By  causing  the  liquid  to  be  operated 
imou  to  tiickla  down  drop  by  drop.    A  peculiarly  constructed  vcssid  is  required  fur 
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this  operation  ;  according  to  the  strength  of  vinegar  desired  to  he  roade  ttro  to  font 
of  thi'se  vessels  are  eniiiloyed,  these  constituting  a  group  or  battery  as  it  ia  iena<^ 
A  fieutioiiiil  view  of  such  a  vessel  is  exhibited  in  Fig.  246  ;  it  is  mado  of  stoQt  oaken 

staves,  the  vat  being  from  2  U)  4 
^^^'  ^4^'  metres  inheij^lit,  and  from  t  to  1*3  in 

width  ;  at  a  height  of  from  io  to  30 
centimetrea  from  Uie  bottom  of  Uie 
Ti^sdL'l  are  bored  at  equal  dintaaoi 
from  each  oOier  six  hole* — lir 
holes — of  ahnut  3  centiinf?trr*ft  j 
diameter*  so  cut  tliat  tJie 
mouth  of  the  hole  is  ^ituutcd  alii 
deeper  than  the  outer^  that  is  to 
say,  the  holes  are  bored 
the  bottom  in  a  shghlly  il<i 
direction.  About  one*tlurd 
metre  above  the  real  lower 
a  false  bottom  is  placed*  similar  in  , 
construction  to  a  sieve,  and 
height  of  a  centituetre  above 
air-holes ;  upon  the  fsil^e  l»ottotn  ii 
a  layer  of  beech -wood  shaviags 
extending  upwards  to  about  from  15 
to  20  centinietrea  below  the  upper  edge  of  the  vat.  The  false  bottom  is  sometiiaei 
constrncled  of  latlis  of  wood,  forming  a  kind  of  gridironlike  network.  Before  Huff 
applic-aliou  the  wood  shavings  are  thoroughly  washed  with  hot  water  and  next 
dried.  The  tub  is  then  nearly  filled  with  the  dry  w^ood  shavings,  which  are  ncSt 
**  soured/'  For  this  purpose  warm  vinegar  is  poured  over  them,  and  allowed  la 
remain  in  contact  wiQi  the  wood  for  twenty-four  hours  so  as  to  cause  the  acelk 
acid  to  soak  into  tlie  woo<l.  At  from  18  to  24  centimetres  bekiw  tlie  upper  edg» 
of  tiie  vat  is  lixed  a  perforated  wooden  disc,  tlie  holes  of  wliich  are  as  Urp> 
as  a  goose* quill,  and  are  bored  from  3  to  5  centimetres  apart  from  each  other. 
In  order  that  the  Hquid  intended  to  he  converted  into  acetic  acid  may  trickle  slorlyf 
and  in  line  spray,  as  it  were,  over  the  wood  shavings,  or  thin  chips  of 
through  tlie  holes,  strings  of  twine  or  loosely  spun  cotton  yam  are 
aa  to  i)eiieLrate  downwards  for  a  length  of  3  centimetres,  while  at  the  top  a 
is  tied  which  prevents  the  strings  sUpping  through  tlie  holes ;  by  tha 
the  liquid,  dilute  spirits  of  wine  usually,  which  is  peered  into  the  vessel, 
twine  becomes  more  or  less  swollen*  and  tliereby  obstructs  the  passage  nf  i 
fluid  BO  as  to  divide  it  into  constantly  trickling  drops.  The  sieve  bottom  ia  ( 
with  from  five  to  eight  larger  lioles,  each  about  3  t^  6  centimetres  i»ide,  wliidlf 
means  of  glass  tubes,  each  of  from  10  to  15  centimetres  in  length,  in»en«d  ( 
firmly  fastened  therein  act  as  draught;  tubes,  bo  placed  that  no  b'qnid 
through  them  The  vat  is  covered  at  the  top  with  a  tightly  lit  ting  woodesn  I 
in  the  centre  of  which  a  circular  hole  is  cut,  which  serves  as  well  for 
purpose  of  pouring  tlie  liquid  into  the  vessel  as  for  the  outlet  of  the  air  vrh 
e&ters  the  vessel  fiom  below.    In  consequence  of  the  absorpUon  of  the  oiETgeq  j 
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.  keal  is  generated  m  tlie  interior  of  the  vessel  Ihat  the  air  etr earns  strongl/ 

8.  caasing  fresh  air  to  enter  by  tlie  lower  air-holes, 

["Aflwr  the  Tinegftr  tub  has  been  soured  tlie  fluid  to  be  converted  into  vinegar-^ 

ktierally  brandy,  mure  rarely  malt  Hfinors  or  wine — is  poured  in ;  the  fluid  flowing 

firom  the  first  vessel  is  poured  into  the  second,  and  if  the  onVinal  liquid  did 

I  contain  more  than  frora  3  to  4  per  cent  of  alcohol  tlie  fluid  which  runs  olf  from 

second  vessel  will  be  completely  converted  into  good  vinegar.    The  vinegar 

C4*ts  between  the  true  and  false  bottoma.     As  will  bo  seen  from  the  woodcut  the 

aegar  cannot  flow  out  untE  its  level  ia  equal  to  tlmt  of  the  month  of  the  glass 

In  consequence  of  this  arrangement  a  layer  of  about  16  to  20  centimetres 

depth   of  wanii  vinegar  assists  in   the   acetilication  by   the  evolution  of  acid 

fturs  whicli  ascend  into  tlie  fluid  above.     The  tube  must  dip  into  the  lower  part 

fluid  in  the  interior  of  the  tub,  as  it  is  there  tliat  the  specifically  heavier 

collects.      The  arrangement  will  be  readily  understood  from    Fig.  247; 

fllie  perforuted  bottom,  just  below  which  is  situated  the  wooden  tap,  h,  fastened 

;  the  bent  glass  tube,  m  m>  the  free  open  end  of  whicli  touches  the  bottom  of 

ntly  (186S)  Singer's  vinegar  generator  has  been  introduced.     It  consists  of  a 
•  of  vessels,  one  placed  above  tlie  other,  and  so  connected  together  by  wooden 

Fio.  247. 


I  that  the  liquid  intended  to  be  converted  into  vinegar  trickles  drop  by  drop 

the  one  vtsscl  into  die  other;  in  each  tube  is  cut  a  longitudinal  slit,  through 

lie! I  air  freely  circulates  ;  the  apparatus  is  placed  in  a  suitably  coustructed  shed, 

erein  a  convenient  temperature  is  kept  up  and  from  which  draught  is  excluded, 

the  use  of  this  apparatus  the  loss  of  alcohol  experienced  in  the  nse  of  the 

above  mentioned  is  prevented.     Singer's  apparatus  is  fully  described  in  the 

br«»bencht  der  Chem.  Technologic/*  186S,  p,  5S0. 

►  composition  of  tlie  fluid  to  be  acetified  raries  very  much;  one  of  tlie  mixtures 
i^fenerally  used  is  made  up  of  20  litres  of  brandy  of  50  per  cent  TridleSj  40 
\  of  vinegar,  and  120  litres  of  water,  to  which  is  first  added  a  liquid,  made  by 
ag  a  mixture  of  bran  and  rye  meal  in  water  in  order  to  promote  the  formation 
ilhe  vinegar  fungus  {Myco(krma  a^Hi).  The  room  in  wliich  the  vats  are  placed 
ould  be  healed  to  20^"  to  24^ ;  the  temperature  in  the  vats  rises  to  36**  and  more, 
♦  qucntly  the  alcohol,  aldehyde,  and  acetic  acid  are  volatilised,  and  this  loss 
ay  amotmt  to  about  one-teuth  ;  taking  tliia  loss  into  account  we  may  assume 
31 
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that  1  lii'ctolitre  of  brandy  at  50  per  ceut  TraOes  (=  42  per  cent  according  to  1 
yields  hy  weight — 

13  o  hectolitres  of  vinegar  of  3  per  cent  acetic  acid  contents. 


When  required  for  transport  it  is,  of  course,  most  arlvautnpeous  to  prepAfj 
strong  viiH*j^'ar»  which  at  the  place  where  it  is  to  be  consumed  can  be  1 
tJie  requisite  quantity  of  water* 

vin«««r from ibB BogtrBttit.      Yjiiegar  from  the  Bugar-beol  is  prepare^!   ^^•^'^  ♦V'^ 
juice,  having  a  sp.  gr.  of  1*035  to  i'045,  diluted  ^ith  wultr  to  f. 
■nith  yeast,  the  fluid  l*iuR  next  mixed  with  an  equal  Toltiinc  of  pit  1 
mixture  being  well  exposed  to  the  inBuence  of  the  oxygen  of  the  utmocipherer  1 
60OD  Bets  in. 

^"""^Mjl^lil^riSl  "5&*' *•'*'  Pasteur,  who  refers  aeetiticiition,  as  Dr,  v 
erroneously,  to  a  physiological  process,  lias  in  1862  described  a  new  1 
paring  vinegar  with  the  htlp  of  the  vinegar  fun^nis.  tJje  Aii/coderma  acetv  f 
fungus  is  first  propagated  in  a  fluid,  consisting  of  water  and  z  per  cent  of  tlcol 
with  I  per  cent  of  vinegar  and  a  small  quantity  of  phosphate  of  potAsh  liiM  • 
magnesia.  Tlie  small  plant  soon  spreads  itself  over  the  entire  surface  of  1  ** 
without  leaving  the  sinallest  spaee  uncovered.  At  tlie  same  time  the  alcohol  t^ 
fied.  As  soon  as  half  of  the  alcohol  is  converted  into  vin^ar,  small  qnanti 
"vvlne  or  alcohol  mixed  willi  beer  are  added  daily.  When  the  acetification 
weaker » the  complete  conversion  of  the  free  alcohol  still  present  in  the  fluid  is  aJlo* 
to  take  place.  The  vineg«r  is  then  drawn  off  and  the  plant  again  employed 
the  same  apparatus.  Vinegar  prepared  by  this  method  possesses  much  of  the  1 
cliararteri-^tic  «f  wine  dnegar.  An  essentinl  condition  to  the  rapid  for 
vinegar  by  this  niethoil  is  a  strong  development  of  the  plant.  A  vessel  mth 
metre  of  surface,  and  capable  of  contoimng  50  to  100  litres  of  fluid,  yield 
5  to  6  litres  of  vinegar.  The  vessels  are  circular  or  rectangol&r  m*ood«n  ■ 
with  but  a  slight  depth,  and  covered  with  lids.  At  tho  ends  »ie  bored  (< 
BHiiill  openings  for  the  entrance  of  tli©  air.  Two  tubes  of  gntta-percliji, 
laterally  with  small  holes,  are  carried  down  to  the  bottom  of  the  taak 
to  pour  alcohol  into  the  tank  without  opening  tlie  lid.  The  tank 
Pasteur  empluycd  had  a  surface  of  i  square  metre  and  a  depth  of  20 
He  fi)und  phos^phates  and  ammonia  necessary  for  the  growth  of  the  plant 
wine  or  malt  Uquor,  kc,  is  employed,  tliese  substances  are  present  therein  in  sJi 
dent  quantity ;  but  when  only  alcohol  ia  nsed,  sulphate  of  ammonia,  phi>sph*U 
potash  and  magnesia  are  added  in  such  quvintity  that  the  fluid  contains  i,!^] 
of  tliis  saline  mixture,  to  which  also  some  tiiiegar  is  addeiU  It  lias  lieea  kH 
known  that  the  addition  of  bread,  tlour,  njalt,  and  raisins  to  alcoholic  lluidtf  (kboQl 
he  acetiiied  greatly  promotes  the  formation  of  vinegar,  as  these  substancjee 
tlie  requisite)  organic  and  inorganic  food  suited  for  tJie  propagation  of  the 
fungus. 
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^T?IunurSr.!£!'  Bobereiner  was  the  first  who  pointed  ant  that,  with  the  aid  of 
itiuum  black,  alcoholic  vapcuirs  couhl  be  acetified  in  a  very  short  time  ;  and  to  thia 
Dcess  the  fallowing  apparatus  is  especially  ad«pted.  Fig.  248  shows  a  small  glass 
tise,  LQ  the  iiiterit)r  of  which  are  seen  a  number  of  compartments.  The  shelves 
rming  these  compartments  aopport  a  nnmhcr  of  porcelain  capstUes.  The  alcohol  to 
a43etilled  is  poared  into  th^se  capsules,  in  each  of  which  is  placed  a  tripod,  also  of 
pcelain,  supporting  a  watch-glass  containing  platinum  black  or  spongy  platinimi. 
be  roof  and  at  the  bottom  of  the  apparatus  itre  venHhili^rs,  bo  constructed  as  to 

admit  of  regulnling  access  of  air. 
Flo.  248,  jiy  means  of  a   small  steam  pipe 

tlie  interior  of  the  house  is  heated 
to  33**.  By  this  means  tJie  ajfohol 
is  gently  evaporated,  and  coniing 
into  contact  with  tJie  pliitinura  black 
or  sponge,  is  acetilird.  So  long  as 
tlie  veiittlutitm  is  maintained,  the 
platinum  black  retains  its  property 
of  oxidising  the  alcohol  With  an 
apparatus  of  40  cubic  metres  capa- 
city and  with  17  kilos,  of  platinmu 
black,  150  htresof  alcohol  citii  dady 
be  converted  into  pure  vinegar. 
If  it  be  desired  to  prepare  tlie 
vinegar  without  any  Itijs  of  alcohol, 
it  becomes  necessary  Vlo  pass  the 
outgoing  air  through  a  condenser  in 
collect  tlie  vapours  of  aleuhul  and  acetic  acid  which  otlierwise  would  he 
off. 

The  value   of  a  vinegar  is  dependent  upon  its  flavour  and  upon 
*eiigth,  or  upon  the  quantity  of  acetic  acid  it  contains.    According  to  its  con* 
more  or  less  acetic  acid  the  vinegar  tastes  more  or  less  sour.    The  colour 
frith  the  Uuid  from  which  the  vinegar  has  been  prepared ;  vnne  vinegar  is 
low  or  red  yellow  colour,  fruit  vinegar  exhibits  a  golden  colour,  brandy 
colourless ;  but  as  a  rule  the  latter  is  coloured  with  caramel  in  imitation 
Tinegar.     Freshly  made  vinegar  contains  besides  small  i|Uautities  of  uncon- 
^d  alcohol,  some  aldehyde,  wliich  always  occurs  largely  in  vinegar  not  properly 
ftred.     Recently  it  has  become  customary  to  add  a  small  quantity  of  glycerine 

prepared  vinegar, 

le  qnantity  of  acetic  acid  contained  in  a  vinegar  depends  upon  the  alc*3liolic  con- 
of  the  fluid  to  be  acetified »  and  also  upon  the  more  or  k"Ss  perfect  conversion  of 
^cohol  into  acetic  hctd.  Mrilt  vinegar  contains  from  2  lo  5  per  cent,  brandy 
gar  from  3  to  6  per  cent,  wine  vinegar  from  6  to  S  per  cent,  of  acetic  acid.  The 
Efic  gravity  of  various  kinds  of  vinegars  differs  from  10 10  to  1030 ;  the  more 
a  Tinegar  contains  the  lighter  is  it,  the  more  extractive  matter  the 
ier.  The  densities  of  mixtures  of  acetic  acid  (C^H^Oa)  and  water  are.  nt 
i7»,  according  to  Oudemans,  the  following  : — 
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A«tnairtry.  Commercial  vinegar  varies  greatlj^  as  regards  the  quAntity  of  aoetie  mi 
it  contains,  Tlie  specific  gravity  of  a  comtnercial  vinegar  is  no  ciM*ta.iii  iodicaiioc  uf 
the  quantity  of  acetic  acid,  owing  to  the  fact  that  the  vinegar  nearly  always  coa- 
tains  foreign  matters.  The  testing  of  the  strength  can  therefore  only  be  accunklj 
effeoted  by  means  of  saturating  it  with  an  alkali.  According  to  the  ordinatj  1 
first  iniroduced  for  tliia  purpose  by  Otto,  ammonia  is  added  to  the  vinf'gar  to  J 
tasted  until  tlie  previouKly  added  tincture  of  litmus  becomes  again  Une;  alt] 
this  method  is  not  absolutely  correct^on-ing  to  the  fact  that  the  neutral 
acetates  exjiibit  an  alkaline  reaction — lliia  does  not  much  impair  the 
of  this  process.  Olto^s  actlometer  is  a  glass  tube  sealed  at  one  end,  36  e«nfci 
long  by  I '5  wide,  whereon  is  engraved  a  double  scale  of  divisions,  one  of  1 
towards  the  bottom  of  the  tube  serving  for  measuriug  the  vinegar  colotir»i  I 
litmuB,  while  the  other  upper  scale  is  intended  for  measuring  the  test  liquor, 
it  is  iiiitridt'd  to  apply  the  test  with  tliis  measuring  lube,  a  certain  quantity  {itnHa 
by  tlie  divided  scale)  of  litmus  tincture  is  tirst  poured  into  the  tube»  next  nn^ptfl 
added  in  sufficient  quantify  to  fill  the  tube  up  to  the  second  division ;  afkennards  «* ' 
much  of  Uie  test-hquor  is  added  as  to  restore  again  the  blue  colour  of  the  litmus. 

The  quantity  of  test-liquor  employed  indicates  the  percentage  of  acetic  acid  cfl^- 
tei&ed  in  the  vinegar.    The  test41uid  should  contain  1*369  per  cent  of  ( 
Accjording  to  Mohr'a  method  there  are  taken  of  the  vinegar  to  be  te&ted 

(aC,H40,-H,0-IH?  =  5i); 

and  usually  having  a  sp.  gr,  varying  between  1  oto  and  loii,  5*04  c.c, 

(    for  .1:^=504) 
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SDply  5  C.C.,  to  which  ia  added  tiucture  of  litmus,  the  whole  being  titrated  with  a 
nal  alkali  blue  (a  titrated  caustic  potassa  solution  render<id  blue  with  litmus).  It 
etter  to  take  lo  c.c,  of  the  vinegar  and  halve  the  number  of  ex,  of  potassa 

kamplea:— ;i.  io*o  c.c.  of  a  WCirtzburg  table  vinegar  r(^uired 

II '8  c,c.  of  putash  sohiliun,  and  the  vinegar  ther^ore  eontained 

I5"9  per  cent  of  so-called  anhytiroas  acid,  or  6*7  per  cent  of  acetio 
acid  (C^H^Oj), 
2.  10*0  c.c.  of  a  vinegar  prepared  from  wood  vinegar  required 


12-5  c.c.  of  potash  Rolution,  corresponding  to 

6-25  per  cent  of  anhydrous  ncid,  or  7'3  per  cent  (C^jH^Ot). 


fi.  Preparation  #>/  Vinegar  from  Wood  Vinegar, 
Ti»««w.  "From  the  dry  distillation  of  wood  a  portion  of  the  carbonised  matter 
lains  in  the  retorts  as  charcoal^  while  tlie  remainder  of  the  constituents  of  the 
LI  are  eliminated  partly  in  the  state  of  gases  and  vapours,  such  aa  carbonic  oxide, 
ponic  acid,  hydrogen,  light  and  heavy  carburolted  hydrogens — partly  in  tlie  shape 
f^eondensed  matter,  consiisting  of  a  thick,  brown,  oily  fluid  floating  upon  a  stratum 
I  watery  liquor.  The  latter,  wood  vinegar,  consists  essentially  of  impure  acetic 
L  some  propionic  and  butyric  acids,  small  quantities  of  oxyphenic  acid,  creosote^ 
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an  alcoholic  wood  fipirit,  a  mixture  of  methylie  alcohol,  aceton,  and  acetate  of 
byl,  the  brown,  thickish  fluid  substance  known  as  wood  tar,  consisting  of  a 
iber  of  both  fluid  and  solid  bodies,  parafSn,  naphthalin,  creosote,  benzol,  t^jluol,  &c. 
ell -conducted  distillation  will  yield  as  much  ss  from  7  to  8  per  cent  of  tlie  weight 
ie  wood  acetic  acid.  According  to  the  researches  of  H,  Vohl,  peat  can  he  employed 
le  preparation  of  wood  vinegar  and  of  wood  spirit,  10  cwts,  of  peat  yield  3  kilos. 
icetio  acid  and  1*45  kilos,  of  wood  spirit.  Tlie  Table  on  the  next  page  shows  the 
icipal  products  of  the  destructive  distillation  of  wood* 

taw  wood  vinegar  coutnins  in  solution  a  not  inconsiderable  quantity  of  resin*  and 

II  small  quantities  of  phetiol  and  guaiocol ;   alt  these  bodies  impart  a  more  or 

brown  cobur  and  empyreumatic  odour  and  flavour,  but  they  also  render  it  a 
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Wood  \  b,  HvjTrroscopic  ' 
I         Water 


^**  Benzol,  C'aHfi 

^Toluol.  tVHa 


Xylol.  r«rHtn 
Clip 

Carimriir    U'lM,    V 


fi,  TiT 


Benzol,  C^He 
Toiuul,  C7H8 

Nuphthftlm,  CioHa 

Bitene,  CikHis 

Parufiiii,  CioH^j.  or  C^H^e 

j  (,'iirbolic  acid,  C^eO 
Pheuol  '  Cresvlic  acid,  C-HgO 

I  Phlorj-Jic  acid,  CkH,oO 

Guaicol  I  OxTpIieiuc  acid,  C^H^O^ 

Y  Combinaiioiii 


Ream 


Creosote 


;g^'*>2v  anil     hom 


^j   acid&wiUiQtfilJbj 


Wood  Vine- 

gUJT 


^.  Cliarcoal 


,  Ace  tic  ncid,  CJH4OJ 
Propionic  a«jid,  C^HtjO^ 
Butyric  Ill-id,  C^flsOj 
VfikTiaiiic  ncid,  CgHjoOj 
.  Capnde  Add*  CioHuOi 
Acetoiu  C3H0O 
Acetntfc  of  luethj  1,  CjHfiOa 
Wood  spirit,  01(40 
.Fbenol,  Guaicol,  and  Befiin 
,  CtiThtm        . .     , ,  85  per  ctut 
J  Hy^oscopic  water  12        „ 
(Afth       3        ,» 

Vfthiable  antiseptic.  Where  the  principiil  aim  is  to  obtain  wood  Yin<»f» 
iron  rt'tort,  somewhat  similar  to  a  gas  retort,  is  employed  for  Ibe  dis 
of  Uie  wood :  but  in  France,  a  vertical  retort  of  boiler  plate,  exliibited  if 
Fig.  249,  ici  i'tjtployed,  fitted  at  the  upper  port  with  a  tube,  o,  to  which  is  ^st«ai 
the  prtjjrctiiig  part,  B,  Wlieii  the  iroD  i*ylitider  is  tilled  with  wood*  a  hd  i&  ligbtl 
screwed  on  to  it,  it  being  next  lifted  up  and  pliited  into  the  cylindricnl  furaa<v, 
by  means  of  the  crane,  n,  after  which  tlie  furnace  is  closed  at  tlie  top  wti 
tho  firt'l»ricl£  lid,  e.  llio  products  eliniinated  trom  the  wood  conUiincd  in  tl 
retort  pai^B  into  tlK'  tube  b.  Fig.  250.  and  thence  into  Uie  comden^dug  appatutns, 
placed  in  a  framework,  d.  which  condensing  appiiratus  i&  kept  cimtluiiallj  supplw 
witii  cold  water  by  the  lube/,  while  the  warm  water  Hows  off  at  k.  Vinegar.  U 
and  wood  spirit  are  condensed  and  flow  itiio  the  vessel  fj,  in  winch  tire  tar  &o[>armte 
tJie  lij^hter  fluids  lhn\itig  iiit<i  h  through  the  tube  m.  The  non-condensed  gioi 
pass  througli  the  tube  i  into  the  lirepUce,  where  they  assist  in  heating  the  rel« 
so  that  but  very  little  fuel  is  refjuired.  In  bir;j;t*  factories,  instead  of  the  woo4i 
receivers,  large  stone  or  brickwork  cisterns  are  employed,  generally  several  of  soc 
tuukB  liein^  used,  the  largest  quantity  of  tar  l>eiug  condensed  in  the  fir&t  duster) 
while  tile  woO{|  vinegar,  mechanically  freed  from  the  tar  aud  tloatiug  00  its  9>mht* 

*  According  to  S.  Mi\raBse  (1868),  lihcuiBb  beech-wood  tar  creosote  is  amii^tuxeof  ei|iu 
parts  of — 

Cre^lio  acid,  C^H^O,  boiling  at  203',  

and  Guttidcwl  C^-HgO,        „        aoo*. 

Tha  latter  is  methylk  ether  with  oxyphenic  acid,  ^^*  I  Oi, 
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iim  way  into  a  second  cbteni.      Pelt«nkofer's  patent  wood-gas  generatort 
nee  a  not  iuconstdenible  quantity  of  wood  vinegar. 
^raiirTi^woo4Tii»cftr.       li&w  wood  vinegar  is  a  clcnr  riark  brown  fluid,  having  a  tany 
Bte  aud  smoky  odour.      It  is  etiipioyed  in  small  Q^utLHtitiL's  in  Hie  pruiiurvadoii 
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meat^  also  for  tlie  preservation 
wood,  ropes,  dc  ;  but  by  far 
lie  largest  quantity  ia  employ»-'d  in 
preparation  of  tlio  various 
atea  oued  in  dyeing  and  calico 
inting,  chiefly  u&  crude  aceljite  of 
OD  and  crude  at! e tale  of  alumina. 
It  is  also  used  in  the  prepnnitiau  of 
ttccntrated  acetic  acid  for  iudus- 
purposes,  tliat  is,  for  the  pre* 
pijratiou  of  aniline  from  nitro-ben- 
tol,  and  of  sugar  fa<^etatt5)  of  lead. 
sUy,  it  is  largely  used  in  the 
preparation  of  table  vinegar,  an 
^peralion  economicAl  only  where, 
in  Engbwid,  tliere  ia  a  high 
ioty  on  alcoholic  fluids. 
Among  the  means  of  purifying 
ade    wood    vinegar,     tlie     most 

aple — leaving  out  of  the  question  the  fiUmtion  of  the  crude  litjuor  over 
ely  granulated  wood  charcfial  as  recommended  by  E.  Assmus^^t  distillutiont 
nperation  usually  carried  on  in  a  BtiD  made  of  copper  tilted  with  a  capper 
pondcusing  apparatus^  At  first  a  yellow  fluid  comes  over— *raw  wood  spirit  from 
rhi^b  th<^  wood  spirit  of  coinmcrco  is  prepared — and  next  tlie  distillate  becomes 
ichcT  in  acetic  acid. 

Tlie  principnl  methwls  at  present  employed  for  the  purification  of  wood  vineg 
may  be  considered  us  fulling  under  either  of  two  claaaeB : — 

<r.  Hie  first  includes  the  purifying  of  wood  vinegar  without  saturation  with  a 
hase:  while 

0,  The  second  includes  tliose  methods  in  which  the  wood  vinegar  is  purified  by 
eauvursion  into  an  acetate,  the  acetic  acid  being  next  separated  by  distillation 
urith  an  acid  possessing  greater  affinity  for  the  base. 

To  Uie  first  class  belongs  SttdtXL^'s  mctliod,  consisting  in  lirst  obtaining  by  dis- 
tillation lo  per  cent  of  a  liquid  wliich  is  ernplnyed  for  the  preparation  of  wood 
spirit  ;  80  per  cent  of  the  liquid  is  next  distilled  off  und  tlie  empyreumatic 
anhatances  contained,  are  destroyed  by  the  action  of  either  ozone  or  chlorine. 
The  purification  of  the  crude  wood  vinegar  by  the  second  metliod  ia  more 
gtencraUy  in  use  among  mauufiicturers,  the  inventor  of  the  system  being  MoUcrat. 
Th¥  CTwU}  wood  vinegar  is  tirst  Bnturated  with  liititj  aud  the  solution  next 
pr»cipieal**d  with  Glauber's  salt  to  obtain  acetate  of  soda;  this  salt  is  purified  by 
crystAllisation,  and  when  in  a  dry  state  ia  so  far  heated  thnt  tlie  cmpyreumatio 
matt^T  it  is  mixed  with  becomes  carbonised  and  is  tlius  rendered  insoluble ;  the 
fip«-»  ato  of  soda  is  tlien  extracted  with  water,  and  the  acetic  acid  separated  from  it 
by  distilling  the  previously  crystallised  and  dried  salt  with  sulphuric  acid.    Instead 
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of  ftoeUte  of  sodft  tlie  acetate  of  lime  is  frequently  employed  in  the  prepmrntta 

a<:ctic  acid  from  crude  wood  vinegar,  the  latter  beings  saturated  mill  lime,  untl 

salt  formed  evaporated  to  dryness.     The  dry  salt  i«  roasted  and  treated  6iftiilarl| 

tlie  acetate  of  s^a  to  calcine  any  empjTeuniatic  products.     The  acid  empkvyw] 

the  distillation  is,  according  to  the  method  invented  by  C.  Volckel,   hydroch 

acid.     The  distillati{>n   can  bo  eilected  in  a  retort  wiOi  a  helm  of  copper  and| 

condenser  of  lead,  tin,  or  silver.     Upon  loo  parts  of  acetate  of  limy  go  t*»  95  parts  of 

hj^droehloric  acid  at  116  sp.  gr,  are  used,     Wlitm  hydrocMoric  acid  is  iiaod  in  1 

preparation  mstead  of  anlphimc  acid,  any  contamination  of  the  crude  acetate  of  I 

with  empyretimatin  or  tarry  matter  does  not  Jifl'ect  the  purity  of  the  a«!etic 

which  is  obtained^  provi<kd  the  crude  acetate  l>e  first  so  well  dried  as  to  be  frw 

from  all  otlier  volatile  substances ;    when  sulphuric  acid  is  used  for  this  pD 

the  result  h  that  an  acetic  acid  is  obtained,  which  contains  not  only  a  larj^e  qtj 

of  sulpburons  acid,  but  also  other  oflcnaive  volatile  compounds  due  to  the  de 

sitiou  (hy  the  sulphuric  acidi  of  cmpyremnatic  resins  and  tarry  nmtter  pneMnil 

the  crude  acetate  of  lime. 

Woodspdjiu      When  the  acid  liquid   obtained  by  the  dry  distillation  of  woo4j 

distiUed   on  the  large   scale*  there  comes    over   at   first  a   certain  qtiAnlity  d^ 

yellow  fluid,  hghter  than  water,   and  exhibiting  an  ethereo-empyreumatic 

OH  > 
This  fluid   (wood  spirit)   consists  chiefly  of  methylic   alcohol,  CH^O,  or     ,1 '  ^ 

oceton,   acetate  of  metlijl,    and  other  substances  to  which  no  referenee  ii 
made.     Wood  spirit  was  first  discovered  by  Taylor  in  181 2»  and  was  for  «  ^'u 
^me  only  employed  for  burning  in  spirit-lamps ;  it  was  not  until  1822  tliat  Taylor  {i>t 
this  body  was  a  new  stihstance.    Wood  apirit  is  in  a  pure  state  a  colourless  floidj 
o'8i4  sp,  gr.,  boiling  at  66"  C.     It  is  iu  all  respects  vety  similar  to  alcohol  and  t 
be  employed  as  a  source  of  heat   in  spirit-lamps ;  it  evaporates*  however, 
rapidly  and  gives  a  loss  intense  lieat»  for  wheretis  1  part  by  weight  of  alcohol  yidrl* 
by  its  complete  combustion  to  carbonic  acid  and  water  71S9  units  of  heat,  an  equnl 
quantity  of  wood  spirit  only  yields  5307  units  of  heat.      It  is  employed  in  1 
preparation  of  fumiturcj  pohsh  and  ui  varnish  making;  for  these  purposes, 
ever,  it  requires  to  he  well  purified,  and  its  rapid  evaporation  is  a  drawback  to  I 
extensive  use ;    contirmed  spirit  drinkers  have  now  and  tfien  used  it  iusteai  ( 
whiskey  and  the  like,  and,  it  appears,  without  bad  eflects.     It3  most  reoem  use  ill 
the  preparation  of  ioflide  and  bromido  of  methyl,  which  substances  ar^ 
in  the  manufacture  of  viukt  and  blue  coal-tor  colours. 


The  Presebvatiok  of  Wood. 


On  iti*  DurftbOtr  off 


Tlie  durability  of  wood,  viz.,  its  power  of  resdstiDg  the  1 
influences  of  wind  and  weatlier,   varies  greatly,  and  depends  as  tntich  npon  ! 
particular  kind  of  wufKl  and  the  influences  to  wliich  it  is  exposed  as  iipf»ii  Ui«  <«i 
of  tlie  wnod  (timber},  its  age  at  tJie  time  of  felhng,  and  other  conditii^Uf^. 
wood  and  oiik  plated  pennanently  under  water  may  last  for  centuries*    Alder  ^ 
lasts  only  a  short  time  when  in  a  dry  situation,  but  when  kept  under  wntar^ 
very  lasting  and  substantial  wood.     Taking  into  cousidcralion   the  diffi-nti 
and  varying  properties  of  wood  and  the  diflerent  uses  t*>  wliich  it  is  applied,  wel 
to  consider  as  regards  its  durability  the  following  particulars: — 


WOOD. 


t.  Wlietlier  it  is  more  liable  to  decay  hy  exposure  to  open  air  or  when  placed  in 
damp  ^tUfitioQ8 ; 

a.  Wliether  it  is  when  left  dry  more  or  h:ss  attacked  hy  tlie  ravages  of  insects  wliich, 
-wliile  in  a  state  of  larviR,  live  and  thrive  in  and  on  wood, 

Pxure  woody  fibre   by  itf*elf  is  only   very   slightly   affected   by  the  destrcetive 

[.inflnences  nf  wind  and  weather.     When  w^e  observe  that  wood  decay*,  that  decay 

urise^  from  the  presence  of  snbBtances  in  tlxe  wood  which  are  fureign  to  the  woody 

[•fibre,  bat  are  present  in  the  juices  of  the  wood  wliile  growing,  and  consist  chii  liy 

of  alborninons  tnHtter,  whicli,  when  beginning  to  decay,  also  causes  the  destruction 

^lof  the  oOier  constituents  of  the  wood;   hut  tliese  chani^es  occur  in  various  kinds 

I  of  wood  only  after  a  shorter  or  longer  lapse  of  time:   indeed,  wood  may  in  some 

instances  hist  fi;ir  several  centnriea  and  remain  thoroughly  sound:  Uuis  the  roof  of 

^"Wetttiniuster  Mnil  was  buill  about  1090.     Since  resinous  woods  resist  the  action  of 

dmup  and  moisture  for  a  long  tirae^  tliey  generally  last  a  considerable  time ;  next 

ia  respect  of  dumbility   follow  such  kinds   of  wood  as  are  very  hard  and  com- 

Lpiii^t,  and  contain  at  the  same  time  some  substance   which— like  tiiniiie   acid — to 

I  8ome  exti^nt  counteracts  decny.     The  behaviour  of  the  several  woods  under  water 

kdifTefB  greatly.     Some  woods  are  after  a  time  converted  into  a  pulpy  mass.     Otiier 

i  kinds  of  woodf  again,  undergo  no  change  at  all  while  under  water,  as,  for  instance, 

[oftJc  older,  mul  lir, 

Xufiecta  chiefly  attack  dry  wood  only.  Splint  wood  is  more  liable  to  such  attack  than 
limrd  wood  ;  while  sphnt  of  oak  wood  is  rather  readily  attacked  by  insects,  the  hard 
IwikhI  i^inner  or  fully  developed  wood)  is  seldom  so  affected-  Elm,  aspen,  and  all 
[resinous  woods  are  very  seldom  attacked  by  insects.  Young  wood,  which  is  full  of 
ll»p  and  left  with  iha  bark  on,  soon  becomes  quite  worm-eaten,  especially  so  the  alder 
|Mroh,  willow,  and  btech.  The  longer  or  shorter  duration  of  wood  depends  more  or 
less  upon  the  ftdlowing  conditions  i — 

a.  Tlie  conditiims  of  growth.    Wood  from  cold  climates  is  generally  more  durable 
i  that  grown  in  warm  climes.     A  poor  soil  produces  as  a  rule  a  more  durable 
ad  compact  wood  than  docs  a  soil  rich  in  humus,  and  therefore  containing  also 
1  moisture. 

The  conditions  in  which  the  wood  is  placed  greatly  influence  its  duration.     The 
wmrmer  and  ntoister  the  climate  the  more  rapidly  decomposition  seta  in  ;  whilt'  a  dry, 
|€old  climate  niaterinlly  aids  the  preservation  of  wood, 

e.  The  time  of  felling  is  of  importance:  wood  cut  down  in  winter  is  considered 
(more  durable  ilian  that  felled  in  summer.  In  many  countries  the  forest  hiws  enjoin 
[the  felling  of  trees  only  between  November  15  and  I^ehruary  15, 

k*ofMl  employed  fur  building  purposes  in  the  country,  and  not  exposed  to  either 
tor  moisture,  is  only  likely  to  suffer  from  the  ravages  of  insects  ;  but  if  it  is  placed 
ftt  no  draught  of  fresh  air  can  reach  it  to  prevent  accumulation  of  products  of 
eomposition*  decay  soon  sets  in,  and  the  dec4i3'iDg  albuminous  substances  at^ting  upon 
he  tibre  cause  it  to  lose  its  tenacity  and  become  a  friable  mass.  I  iider  the 
inflnence  of  moisture  fungi  are  developed  upon  the  surface  of  the  wood.  These  fungi 
severally  known  as  tlie  '* house  fungi*'  [Thetvphom  domrHt'tca  and  Jiohtua 
struHor),  the  clingmg  fungus  {Ceralius  v*tJitatorl  They  spread  over  the  wood  in  a 
Auner  very  similar  to  the  growth  of  common  fungi  on  soil.  Their  growtli  is  greatly 
idod  by  moisture  and  by  exclusion  of  light  and  fresh  air.  A  chemical  means  of 
ore  venting  such  growths  is  found  in  the  application  to  the  wood  of  acetate  of  oxide  of 
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'^oii*    the    acetate  being   prepared    from   wood    Tinegar.     Wood  is  oftea 
injuriously  affected  when  exposed  to  sea  water,  when  it  is  attacked  bj  m 
kind  of  insect  knoi^Ti  as  the  bore-worm.  Teredo  nacaJii,    This  insect  is  armed  i 
a  homed  beak  capable  of  piercing  the  hardest  wood  to  a  depth  of  36  c«ntimd3«i. 
Theee  insects   originally  belonged  to   and   abound  in  great  number  tn   tbt 
under  the   tropical  clime:    but  tlie   Teredo  navalii  is  met  with  on  tho 
Holland  and  England. 

^^Tv^t^J!"'"^      '^^^  means  usually  adopted  to  prerent  the  destraction  of  wood^ 
decay  are  the  following : — 

X.  The  elimination,  as  much  as  possible,  of  the  winter  from  Uie  wood  ] 
to  its  being  eiupiiiyed  ; 

2.  Tbe  eliiriination  of  the  constituents  of  the  sap ; 

5,  By  keeping  up  a  good  circulation  of  air  near  the  wood  so  as  to  preTcnt  \ 
guffocAtion,  8^  it  is  termed  ; 

4.  By  chemical  alteration  of  tlie  constituents  of  the  sap; 

5.  By  the  gradual  mineralisation  of  the  wood  and  thus  the  eHmination  oft 
matter, 

prTtasWiH^.       I.  Thoroughly  dried  wood  remains  for  a  long  time  nn altered  wh 
a  dry  situation,  more    especially  so   when    dried  by  so  strong    a   htjnt  thstf 
becomes  browned.     When  limber  has  to  be  put  into  a  damp  situalion,  it  slui< 
alter  having  been  well  dried,  be  first  coated  with  a  suitable  substance  to 
the  moisture   penetrating  into  the  wood.      This  purpose  is  attained    by 
tlie  wood  with   linseed  oil,  so-called  Stockholm  tar,  coal  tar,  creosote,  and  oltat , 
hydrocarbons.      Htitin  and   Bontigiiy  adopt  the  following  method  to  prevent 
absorption   of  moistnre   by  wood   tliat  is   put  into  tlie  ground.      Th€f 
tlie  post  or  wood  to   be  buried  is  first  immersed  in   a  vessel  oontninin^  I 
petrokojn,   plmtogen,   &c.,    and    when   taken    out    is    ignited  and    tlioa 
Wien  extinguished  the  wood  is  put  to  a  depth  of  from  5  to  6  centimetr 
mixture  of  pitcli,  tar,  and  aspholte^  and  next  the  entire  piece  of  wood  ia  tha 
paititcMl  over  with  tar. 

EUiajBation^oir^ihr  o,r„iita*.t.tt       ^    xhc  cniistitiieuts  of  thc  sap  are  the  chief  <5a*tae  of  titff 
decomposition  of  wood»  and  they  should  conseriu^titly  bo  removed  :   man}*  plans  i 
adopted.     In  order  tliat  the  wood  may  contain  the  smallest  quantity  of  sap,  it  1 
be  felled  during  the  winter  months.     Tlie  oonslitueiits  of  the  sap  can  be  cli 
firom  the  felled  tree  by  three  methods  : — 

o.  By  tieatmcnt  with  cold  water,  with  which  the  woo<l  must  be  tht^^ 
to  dissolve  the  coiihtittients  of  the  Bap,  which  are  removed  when  th*^  w* 
stream  of  ^^ier.     It  is  evident  thai  with  large  timber  a  long  time  is  Dt^i.-> 
perfect  Raturatiun* 

b.  By  employing  boiling  water  the  sap  i»  removed  ranch  more  qnickly  and  efiieitntlr 
The  pieces  of  wood  are  placed  in  an  iron  vessel  with  water  and  boiled.     I.n 

timber  cannot  be  treated  iu  this  manner,  hut  are  immersed  in  a  cistern  in  wL 

Is   heated  hy   means   of  steam.     According   to   the  thiekuess  of  the  wood,    thu   bcu. 

occupies  some  6  to  la  boure, 

c.  By  treatiiieiit  witli  steam  fsieaming  of  wood} — the  most  effectual  niH^-^^ 
the  coijgtitiR'UtH  of  the  Hap,  the  hygrosctvpicity  t»f  the  wood  thiiij  treats 
much  li*8S,   while    Ihe  wood    is  far  more  fitted  fo  reRist  the  effects  •  j 
apparatiiii  eniphived  in  carr\iij>?  out  the  method  consists  of  a  boiler  for  the  - 
Steanj,  and  a  cifrtem  or  hteam  chain btr,  for  the  reception  of  the  wood^  this  r\ 
cou-^lf  noted  of  ujusonrr  and  cement,  of  boiler  phile,  or  being  eii 
wide  iron  I'ipe.     In  moBt  casea  a  jet  of  steara  ia  conveyed  from  J 1 
cbambir-r,  where  it  penetrates  the  wood,  and  disBolvos  out  the  ctu,  . ....... r. . 

which  on  being  condensed  is  allowed  to  rxm  ull«    In  the  <Mise  of  tjakj  ibis  Siud  ii  otl 
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tXftck-browu  ooloiirj  ^ritb  nsahogiinj,  a  brown -red ;  with  linden  wood,  a  red-yellow;  mid 
witli  oherr}*  tree  wood,  a  red,  Ac  The  operation  is  finifiliL'd  wbeu  tho  outfltiwing  wnt^r  U 
DO  more  colourod.  The  iiteanied  wood  ia  dried  in  the  air  or  iti  a  ilrying  room  ;  it  losei 
5  to  lo  per  o«nt  in  wtipbt  by  the  proctssB,  and  heoomeB  of  a  mueb  darker  colonf. 
The  steam  is  sometimea  work«?d  at  a  temperatuic  of  above  loo**,  but  gwierally  th^  con- 
tonta  of  the  steam  chamber  are  nmintaiiied  nt  60'  to  70'.  Towards  the  tnd  of  the 
operation  some  oil  of  coal-tar  is  introdoced  into  the  boiler,  and  u  consequently  carried 
OTer  with  the  steam,  impregnating  the  wood. 

The  removal  of  the  sap  con  jlIso  bo  eflfe<jte^d  to  some  eictent  by  means  of  meehanical 
presAure  between  a  pair  of  iron  rollers,  which  are  gradually  brought  more  closely 
together.  Another  method  is  by  means  of  air  pressure.  Barlow  employs  for  this 
parpose  a  metal  erase  iu  which  the  wcmd  id  enclosed,  aud  to  one  end  of  wliicJi  fin  air 
pump  is  attacbedp  Aii  being  forced  iuto  the  tu>M  or  ca&e,  tbt*  sap  flows  away  at  the  end 
opposite  to  which  the  pump  is  attached.  But  both  these  methods  are  costly  aud  not  " 
th  cas€8  applicable. 

AirDnin*.      5.   The  constnictiou   of   air  drains  or  passages  around  woodwork  ta 
prefierred  is*  where  the  method  is  applicable,  a  great  aid  to  the  presei^^ation  of  the  w( 
l^M  connideration  of  the  beet  meaus  of  efftctiDg  ventilation  in  this  roftpectj  ia  not  a 
' — **^r  with  which   we  can  deal  iu  this  work.     It  is  sufficit^nt  to  say,  thiit  in  many 
'it,  the  air  cbaunela  are  eonnected  on  the  one  hand  with  the  open  air,  and  on  the 
itli  the  chimney^ 

'/Iho^ttiJ?  4'  ^^^  ^^  ^^  moat  usual  and  most  effective  means  of  pre- 
^iiitni^  lutt  decomposition  of  worn!  is  by  effecting  a  chemical  change  in  the 
constituents  of  the  sap.  so  that  fermentation  can  no  longer  be  set  up.  To  tliis  class 
b<^long«  tlie  well  known  plan  of  protecting  woodwork  that  h  to  be  exposed  to 
the  action  of  the  moisture  of  tlie  earth  by  charrinj::!  *^e  wood»  either  by  fire  or 
bjtreftlmtnt  with  concentrated  sulphuric  acid,  so  tJiat  tlie  wood  is  coated  to  a  certain 
depth  with  a  layer  of  chureoal,  the  clmrcoal  acting  as  an  antiseptic.  The  charring 
or  carbonisation  of  the  wood  can  be  effected  either  with  the  help  of  a  gas  tlame  or 
the  flame  from  a  coal  fire.  Tlie  apparatus  of  De  Lapparent,  invented  for  tliis  pnrpoae, 
became  very  generally  employed  in  1866  at  the  dockyards  of  Cherbourg.  Pok,  aud 
Dantzic,  According  to  another  metliod  the  wood  is  iraprej^'uated  throughout  its 
whole  mass  with  some  substance  that  either  enters  into  combination  with  the  con- 
gtitu^^nts  of  the  sap,  or  so  alters  their  properties  as  to  prevent  tlie  setting  up  of 
decomposition.  To  this  class  belong  tlie  four  foUowing  methods,  these  being  the 
only  ones  that  have  met  with  any  more  extensive  use. 

I.  Kyan'a  preserving  fluid  is  a  solution  of  bicliloride  of  mercury  of  variable 
dcgri  e  of  concentrafion.  In  Eiiglnnd  a  solution  of  i  kilo,  of  corrosive  sublimate  in 
80  to  100  litres  of  water  in  generally  employed  for  railway  sleepers.  The  timber  is 
1  lid  in  a  watertight  ^vooden  trouglv,  containmfjf  the  solution,  where,  according  to  its 
aizCt  it  remains  a  loii*^'er  or  shorter  time.  In  Baden  the  Wi>od  reioains  in  the 
iyauJbiiig  bolutlon,  when  it  is  to  be  inipregjiated  to  a  depth  of — 

82  m.m.  for  4  days. 
85  to  150        „         7     „ 

150  to  180        „       10     tt 

180  to  240        „       14     „ 

240  to  300        „       1 3     „ 

the  solution  consisting  of  i  kilo,  of  aublimate  to  aoo  litres  of  water.  The  prepared 
wuod  is  washed  witli  water,  nibbed  dry,  and  tlien  placed  in  slieds  IVee  from  exposure 
to  luin  and  stroug  sunlight.  The  principal  action  of  the  bichloride  of  mercury  is  to 
eo&Tcri  the  albumen  of  the  sap  into  an  insoluble  combination,  capable  of  with- 
standing  decomposition,  while  the  bichloride  becomes  gradually  reduced  to  proto* 
chloride  of  mercury  i^cjdunitrlj ,     A  great  objection  to  tJiis  mcthud  is  the  danger  to 
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which  Die  carpenter  or  joiner  who  m&j  afterwards  shape  the  wood  is  exposed^  tbi 
free  chemicals  actiBg  upou  his  system  through  hifi  hands,  nostrils,  and  mouth,  la 
England  wood  to  be  varaisihed  is  Beklom  kyanised. 

Krdinann  remarks  upon  tliia  plan  of  preservTug  wood  that  the  interior  of  the  log ia 
still  leii  in  its  original  condition.  To  answer  Uio  objection  the  kyanising  haa  boiii 
made  more  effective  by  placing  tlxe  wood  into  a  water-tight  trough,  witli  the  soluitua 
of  subhmale,  and  by  a  great  pressure  of  air  thorouglily  impregnating  the  womI 
Kyanising  by  this  mctliod  becomest  however,  aa  expensive  as  any  other  impr*>g]iiticQ 
method.  Recently  tliere  has  been  substituted  for  the  pure  bichloride  of  m^jrcmyt 
double  salt  of  the  formula  HgCla+KCl,  obtained  by  decomposing  a  soli 
carnallite  with  oxide  of  mercury. 

2.  Burnett's  patent  (1840)  fluid  consists  of  j  kilo,  of  cliloride  of  zinc  dissolv* 
go  Utres  of  water.  Wood  treated  with  Burnett's  fluid  iuia  been  buried  in  conb  Car 
five  years  without  underj^ning  any  cliange,  while  unprepared  wood  huried  for  tb 
same  length  of  time  has  been  totaOy  destroyed^  ChloriiJe  of  zinc  has  been 
used  in  Gennany  as  an  impregnating  material.  Besides  this  soli  sttlphate  of 
and  acetate  of  oxide  of  jtinc— pyroUgnita  of  zinc  (Seheden's  methodj,  have 
employed.  The  action  of  tlie  copper  and  zinc  salts  may  be  explained  by  con&idcrisf 
that  the  metallic  oxides  of  tlie  basic  salt  formed  during  seaaoning,  separatci  ud 
combines  with  the  colouring  matter,  tannic  acid,  resin,  &c.  of  the  w*ood.  to  fonn 
instdulde  compound, 

3.  Bftbell's  (1838)  patented  method  consists  in  treatment  under  strong 
with  a  mixture  of  tar»  oil  of  tar,  and  carbolic  acid,  tins  mixture  being  knowti 
mercially  by  the  name  of  gallotiri.     In  and  near  London  wood  thus  treated 
remained  eleven  years  in  the  eartii   without  undergoing  change ;    other 
timber  so  treated  were  subjected  to  the  action  of  the  sea  for  four  years  and  stitl 
in  good  conditioiL    Vohl  employs  for  preservatJou  peat  and  brown  coul  a 
Leuchs  uses  paraffin.     Such  agents,  however,  render  wood  treated  with  them 
inflammable* 

4.  Payne's  methcd.     This  includes  two  patents,  the  first  having  been 


1841.     Both  are  based  on  the  impregnation  of  tlie  wood^ — first  with  one  salt,  1 
next  with  another  salt,  which  is  capable  of  forming  a  precipitate  insoluble  in  \ 
and  sap  of  the  wood  witJi  the  first.     The  first  solution  is  usually  on©  of  snip 
iron  or  of  alum,  then  follows  a  solution  of  chloride  of  calcium  or  of  soda.     The  1 
to  he  impregnated  is   placed  in  a  vessel  from  which   the  air  ia  exhaJtisted«  j 
first  solution  being  then  a^lmitted,  and  suhsequently  pressure  is  applied.     Th*  1 
solution  being  rrtnoved,  the  second  is  admitted,  and  pressure  again  applied, 
necessary  to   dry  tlic   wood   partially  between   the   two   impregntitions,      ^y 
methoil,  much  used  in  Enfjlaud.  possesses,  moreover,  the  advantage  of  rendering  j 
wood  somewliat  uiiiunanimable.   The  same  effect  results  with  the  metliods  of  Bu 
and  Von  Eichthal,  who  impregnate  tlie  wood  with  a  solution  of  sulpliate  of 
and  then  with  a  water-glass  solution,  whereby  the  pores  of  the  wood  are  filled  1 
ferro-sUicate.     Ransome  attains  the  same  end  by  an  impregnation  with  a  wat^^r*) 
solution  and  subsequent  treatment  with  an  Rcid.     It  is  found  that  the  trefttment  of  i 
according  to  the  above  methods  ia  generBlIy  attended  with  good  resnltij,     A  J 
of  impregnation  with  materiah  forming  an  insoluble  soap,  oleato  of  alumina,  ol^ 
Ct>pper,  &c.^  patented  in  1862,  has  given  some  moderate  results  on  the  small  j 
siinemUiUnt  Wood       5.  W^cu  the  torms  mineralised,  petrified,  metallised,  or  in 
are  apphed  to  wood,  they  include  the  meaning  that  the  wood  has  undergone  ia 
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ition  with  aii  inorganic  siibstiuice.  which  has  so  filJed  the  pores  of  tho  wood  that  it 

htiy  he  sHid  to  pnrtake  of  the  characteristics  of  a  mineral  substance.     Suppose  that 

he  Wiwd  hjLs  l)ecoine  impregriiited  with  sulpliatc  of  iron,  whfii  exposed  to  the  rain 

be  aulphiite  will   ht*  |t?radqjillv  diBSolvtd  out,  in  time  leaviug  only  a  basic  Hulphnte. 

ly  the  nseiirchea  of  Sirutzki  U8j4i>  i»f  Apelt  in  Jena,  and  of  Kulilmann  ^859^,  the 

lue&ee  of  oxide  of  iron  upon  wood  fibre  hag  been  rendered  verj"  cleai\    Wood 

[xflted  witli  basic  sulphate  of  iron  ceases  to  be  wood  after  some  lime* 

ii^tS^n^ "'       6.  Tliia  method  consists  in  the  impregnation  of  tho  wood  witJi 

\  neeessor}'  substauce,  hi  a  manner  similar  to  the  natural  filling  of  the  pores  with 

that  is  ti)  say,  the  solution  Is  introduced  into  the  tree  from  its  roota,  and  is  thus 

le  to  take  the  place  of  the  sap  in  all  parts  of  the  timber.     AVlien  tlie  tree  is  felled 

be  root  end  is  placed  in  a  solution  of  liie  salt  [sulphate  of  copper,  acetate  of  iron), 

i  allowed  to  remain  for  some  days;  at  the  end  of  the  required  time  the  wood  will 

jITe  become  completely  impregnated  with  the  salt.     Occasionally  this  method  is 

ployed  in  colouring  woods,  colouring  matter  being  used  instead  of,  or  as  wall 

the  salt.     The  linden,  beech,  willow,  elm*  alder,  and  pear  tree  can  be  treated  in 

manner.    The  fir,  oak,  ash,  poplar,  and  cherry  tree  do  not,  howevex,  absorb  the 

Ei|iT6gnating  fluid  sufficiently. 


Tobacco. 
Tobacco,  as  employed  for  snuff  and  for  smokitig  and  chewing,  is  the 
Jnctof  various  kiitds  nf  annual  plants  belonging  to  tlie  genua  Nlvotiami,  of  the 
ttily  of  SolfinM,  generally  cultivated  in  warmer  part^  of  tlie  globe,  bht  capable  of 
owing  in  countries  eitiiate^l  under  52*  N,  Int.    The  beat  tobaccos  ore  grown  in 
ca^  and  are  chiefly  exported  from  the  southern  states  of  Noi'tli  America,  viz., 
)rland,  Virginia,  kc,  ff-om  Ortu<dto,  Havanna,  and  Cuba,  &c.     The  European 
toDAccoa  are  those  of  Holland^  Hungar)%  Turkey,  and  France.     In  Europe  thre#J 
_6eparate  botarJc  varieties  are  cultivated.     They  are'— 

t.  Common  or  Virginian  tobacco  (Nieotiaita  tabacum),  with  a  large  knoet-ahaped  ] 
ribbed  leal,  ' 

T.  Marv  Liiul  tobacco  (Nicotiana  macropJnflJn)^  with  broad  and  not  so  Btrongly  pointed 

leavt>  as  those  of  tlie  roramon  totiacco  plant, 
3*  The  farm  or  violet  skin  tobacco  {Sicotiana  nutficrt),  with  an  oval  leaf  and  long  stalk. 

The  quality  of  the  tobacco  is  dependent  upon  tha  climiite,  upon  the  soil,  and  upon 
b()  seed  it  is  obtained  from.    Next  to  the  vine>  the  tobacco  plant  is  that  rer|uiring  tlie 
kiosi  care  in  its  cultivation.     The  influence  of  careful  culture  is  so  great,  that  plants 
in  some  parts  of  Germany  yield  tobacco  unequalled  by  ijome  of  tlie  richest 
al  produce, 
Aeeording  to  the  most  recent  researches,  tobacco  contains  the   following  sab- 
Qccs  :■ — 

Potaah 

Magnesia  CaT  {  ^*^*^*^^^ 


I  bases 


aerala  ida 


Oxides  of  iron  and  manganese 
i  Ammonia 


Nitric  acid 
Hydrochloric  acid 
Sulphuric  acid 
Phosphoric  acid 


fMftlic  acid  (Tobacco  acid?) 
Citric  ntid 
Acetic  acid 
acids      I  Oxalic  acid 
Pectic  acid 
XUimic  acid 
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'mted  Kingdom  are  auch  stroDg  smoking  tobaccos  met  with.  The  freshly  dried 
bttcco  leaves  are  not  suited  for  smoking,  beeauae  thej  contaiii  a  very  considerable 
ant  of  albuminous  matter,  and  on  bumifxg  give  off  an  odour  of  burnt  bum,  wbili? 
ey  contain  too  large  a  quantity  c»f  nicotinu.  The  preparatioo  or  iiiiuiufacture  of 
ibacco  aims  at  the  more  or  lesacoDapktedestruetkmoflbealbiiminoua  matters,  the 
lal  elimination  of  the  nicotine,  and  tlie  development  of  a  pt<;uljar  aroma,  while 
the  leaves  are  formed  by  mechamcal  ineana  into  a  suitable  shape  for  smoking  and 
of&ng.  The  leaves  are  moistened  with  water  and  placed  together  in  heaps  so  as  to 
use  a  kind  of  fermentation,  tlie  temperature  increasing  to  about  35*",  the  effect  of 
which  is  tliat  the  albuminous  matter  of  tlia  tobacco  is  destroyed,  while  aromatic 
substances  are  developed.  TMs  process  is  assisted  by  the  addidon  of  what  the  trade 
srms  *'  sauce,'*  but  notliing  is  known  of  the  reactions  and  changes  whicli  take  place* 
rhen  the  tobacco  leaves  aregatliered  from  tlie  plants  they  are  laid  one  upon  the  other  to 
i«aumlH?rof  ten  or  twelve  and  placed  in  heaps  inadryshed^  care  being  taken  to  cover 
ps  witli  canvas.  As  soon  as  the  sweating  sets  in,  llie  leaves  are  suspended 
one  on  ropes  stretched  through  the  shed,  aod  dried  by  exposure  to  a  current 
"iir ;  when  dry  the  leaves  arc  packed  together  to  the  number  of  thirty,  so  as  to 
a  bundle,  several  hundreds  of  wliieh  arc  put  together  into  casks.  The  weight 
the  casks  tilbjd  with  tobacco  averages  from  19  to  26  cwts.  In  some,  but  by  no 
'ftusinall  instances,  the  cultivators  of  tobacco  prepare  the  leaves  to  some  extent  tjy 
t  moistening  them  witli  brine  and  causing  them  to  undergo  a  partial  fermentation. 
le  leaves  are  ihen  dried  and  packed  in  casks.  By  this  means  tlie  tobacco  may  he 
served  for  a  great  many  years,  improving  with  age. 

Tobftcw,  The  tobacco  leaves  are  first  sorted ;  that  is,  those  of  tlie  same  colour 
thickness  are  put  together.  Hiey  are  next  stripped,  tlie  tliiiiker  parts  istem  or 
e)  being  cut  out,  because  as  these  consist  chiefly  of  woody  fibre  they  would  ou 
g  impart  an  impleasant  odour  to  the  tobacco.  The  leaves  are  next  sauced  or 
isteued  with  a  hquor  cout^uning  clueliy  salts  (common  salt,  saltpetre,  sal  ammo*  ^ 
ifljc,  nitrate  of  ammoma),  saccharine  matter,  spirits^  and  some  organic  acids,  sui^h  as 
irtaric  and  oxalic  acid  ;  the  baits  atssast  in  the  preservation  as  well  as  in  tlie 
tardalion  of  the  coiubustion  of  tlie  tobucco.  The  other  subsUinccs  impait,  under 
e  inliurnce  of  fermentation,  a  peculiar  aroma  to  the  tobacco,  which  aroma  is  some- 
compared  to  the  bouquet  of  wine.  The  sauced  leaves  are  next  submitted  to 
entation,  dried  at  a  gentle  lieat,  and  finally  cut  into  shreds  by  means  of 
iclunery.  Tobacco  leaves  are  also  twisted  or  spun  togeOier  ;  for  instance,  in  the 
known  as  twist.  Cigars  axe  tobacco  enveloped  iu  a  smooUi  leal  The  fact 
cigars  are  improved  by  keeping  is  due  to  a  kind  of  slow  fermentation,  during 
rliich  the  aroma  is  more  fully  deviloped,  wliile  noxious  substances  are  eliminated. 
Tobacco  smoke  contiiins,  iu  addition  to  carbonic  acid,  water,  and  some  ammoma, 
le  products  of  the  dry  distillation  of  tobacco,  to  wliich  tlie  peculiar  flavour  is  due — 
long  tliese  substances  are  nicotine  and  nicotiaiun.  Zeise  found  in  tobacco  smoke  a 
uliar  empyrematicai  oO,  butyric  jitid,  ammonia,  carbonic  acid,  |mnithn,  cnipyreu- 
tic  resin,  traces  of  acetic  acid,  oxide  of  carbon,  and  carburetted  hydrugeu. 
Curiously  enough,  buniiug  tobacco  does  not  form  carbylic  acid  nor  creos4>te;  hence 
smoke  affects  the  eyes  less  than  does  the  smoke  of  smouldering  wood.  Zdae 
ented  on  Porto  Rico  tobacco ;  but  his  researches  fail  to  convey  any  informa- 
in  as  to  the  constitution  of  the  essential  aroma  of  tobacco  smoke ;  in  this  respect  it 
with  tobacco  as  with  the  bouquet  of  fine  brands  of  wine,  chemical  reagents  caonot 
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detect  the  dilference.  Bat  it  is  certain  tliat  tobacco  smake  oaaUama  eoijii 
anuaonias,  and  as  auiline  has,  in  very  dilute  state,  a  siiailaiifj  in  odotir  with  tfai 
smoke  of  good  tobacco,  it  may  be  present  Carbolic  acid  maj  also  be  pradtteed  bf 
tlie  dry  distillatioD  of  tobacco.  The  combnstibilitj  of  tobacco  is  not  propovtioDal  Id  Hit 
quantity  of  nitric  acid  (nitrates)  it  contains,  becanse  while  Kenincky  tubaooo,  n^  i& 
nitrates  bum;^  badly,  the  Java^  Maryland^  Brazilian,  and  Hungarian  tobaoooa, 
in  nitrat^^a,  bum  readily.  Sehloesing  has  recently  investigated  the 
varying  degree  of  the  combustibility  of  tobacco.  He  found  that  the 
tobacco  ash  sciluble  in  watef  always  contains  carbonate  of  potash  in  proportioa  to  tlu 
combustibility  of  the  weed.  When  tobacco  was  carbonised  by  smoking,  the 
portion  of  the  ash  was  found  to  contain  only  chloride  of  potassium  and  sulphati 
potash.  A  badly  bumiDg  tobacco  is  improved  by  saucing  it  with  the  solution 
potash  salt  of  some  organic  acid  (mahc,  citric,  tartaric^  or  oxalic  acidu  and  \ 
drying  tlie  tobacco ;  on  the  otlier  band,  a  good  burning  tobacco  is  clGt^rioratfd  \ff ' 
treating*  it  with  solutions  of  either  sulphate  of  lime,  chloride  of  calcium^  or  j 
corresponding  msgnesia  and  ammonia  compounds.  The  cause  of  this  pb«*Qo 
appi'urs  to  be  due  to  the  fact  that  the  potash  salts  of  the  organic  acids  yield  on  beni^ 
carl>ornsed  a  balky,  light,  and  very  porous  charcoal,  wliich  readily  boms  cS,  \emr\ 
only  ash,  wliilc  tho  charcoal  formed  by  the  combustion,  under  the  sa 
of  *Jie  organic  lime  salts  is  very  compact,  hard,  and  burning  off  with  diiScnl^. 

S5B««.       For  the  making   of  snuff  the  tobacco  leaves  are  sorted  as  for  i 
tobacco,  but  the  sauce  is    chiefly  composed  of  ammoniacal    salts    and 
substances.     The  fermented  leaves  are  formed  into  carotten,  thick  beet-root  i 
masses   t-apering  from  tlie  centre  to  botli  ends,  but  not  drawn  out  into  a  tliin  i 
Uiese  carottoa  are  rasped  {rappi)  by  means  of  mscldneryi  and  thus  converted  i 
powder.     After  having  been  sifted,  this  powder  is  again  moisteni^d  and  snbmiti 
anoUier  fermentation.     Snuff  contains  nicotine,  partly  free,  partly  as  a  oei 
basic  (probably  acetate)  salt  to  an  amount  of  about  z  per  cent     Sniiff  aU(»  • 
ammonia  combined  with  an  add*     It  is  to  the  presence  of  these  snbstancod  \ 
owes  its  irritating  action  on  the  mucous  membrane.     In  order  to  pr«fMil  i 
from  becoming  dry  glycerine  is  frequently  added. 

The  aim  of  the  fermentation  of  tbe  tobacco  for  the  pnrpose  of  snuff  making  i 
to  be: — I.  The  formation  of  a  peculiar  oil  or  ether  which  imparts  aroma,     t. 
partial  destruction  of  the  nicotine  of  the  tobacco  so  as  to  render  it  ber 
use  as  snnff.      3.  Tlie  production  of   alkalinity  by  the  partial  dcstrti 
organic  acids  of  the  tobacco.     4.  Evolution  of  a  specific  flavour  by  tlio  \ 
vapours  of  carbonate  of  ammonia  < probably  also  of  ammonia  bases,  siii 
amin),  and  nicotine.      5.    The  conversion  of  the    albuminous  matte.rs  and 
nitrogenous  subBlances  into  ammonia,  whereby  the  loss  of  ammonia  by  volatilb 
is  made  up  and  a  black  substance  (humus),  to  which  snuff  owes  its  dark  colo 
the  same  time  formed. 


Tkcb^ology  of  Essentul  Ott.s  axd  Resixs. 
■«Miiia]otk«ii4iuuiiA     These  substances  almost  all  occur  naturally.     To  the 
tlAl  oils  most  plmi's  owe  their  odour  and  flowers  their  perfume.    Tlie  essential  \ 
plants  is  mpt  with   euclosed  in  cells ;    hence,  after  bruising  a  plant,  or  the 
c^ntfiintng  tht'  essrnlial  oil,  the  peculiar  odour  is  more  perceptible  r  for  instance,  1 
gently  rubbing  between  the  fingers  the  leaves  of  soma  kinds  of  gv^nin turns,  ineBaiF 
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pEn-pUnt,  &o.  J^aseuiial  oils  do  not  impart  to  the  fingera  ft  fatty,  but  a  rather  rough, 
^rsh  feeling.  A  large  uiiiuber  of  csHivotial  oiU  ]>os£ieas  the  property  of  preoipitating 
liver  &otn  its  ammoniacol  soluLiou  in  a  metalUo  state;  hencu  the  nse  of  essentiil 
lis  in  silvering  glass  (S<^e  p.  3S1}. 

lk«ip*c>ti<iA of  EtwiiU«i  oiu.       These  oils    are   chiefly   obtained  by   submitting   parts   of 
Isnts,  previously  ground  to  a  coarse  powder,  to  diBtillation  with  water.     Although 
ka  boiling-point  of  these  oils  is  generally  much  liigher  than  that  of  water,  the  oils 
pt  mechanically  carried  over  in  a  minute  Btate  of  di\ision  witli  the  aqueous  vapour. 
I^henoils,  the  boHmg- point  of  which  is  very  hi^h,  have  to  be  extracted,  some  common 
lit  is  added  to  the  water  to  Jieighten  its  boiliiig-point.     In  order  to  separate  tlie  oil 
pm  the  water  tliere  is  employed  a  peculiarly  shaped  vessel  called  a  Florentine 
^sJc    In  tliis  way  the  essential  oils  of  aniseed,  chamomile*  lavender^  peppermint, 
bres,  cinnamon,  &c.,  are  obtaiaed,  while  the  most  common  essential  oil,  viz.,  that  of 
Irpentine,  is  obtained  by  the  distillation  of  Venice  turpentine  with  water. 
'^'KTby  F^JSST"^       '^ii«  essential  oils  largely  met  with  enclosed  in  the  cells  of  the 
i^DXk  of  lemons,  oranges,  berganjots,  and,  in  fact,  all  the  fruits  belonging  to  the  CUrui 
cies,  are  obtained  by  pressing  the  rind  of  these  fruits.     Although  tlie  greater 
ttber  of  the  essential  oils  occur  ready  formed  in  various  parts  of  tlie  plants,  some 
I  oils  are  the  result  of  the  action  of  water,  as,  for  instance,  tlie  essential  oil 
bitter  almonds,  which  is  formed  by  the  action  of  water  upon  aniypjdalin  imder  the 
Baence  of  a  pecular  albuminous  compound  called   sjTiaptRse   or  craulsin :    the 
atial  oil  of  mustard  seed  is  formed  in  a  similar  manner,  but  may  be  artificially 
ed  by  distilling  a  mixture  of  iodide  of  propyl  and  cyanide  of  potassium,  &c. 

F»firoti2*^*       Some  of  the  essential  oils,  more  especially  those  present  in 

B,  are  so  sparingly  distributed  that  they  can  only  be  obtwined  by  digesting  the 

;  flowers  with  pure  olive  oil  or  with  cotton-wool  soaked  in  sweet  oUve  oil,  the 

flowers  being  placed  in  alternate  layers  between  tlie  cotton  saturated  with  oil; 

)  cases  pure  lard  is  euipluj  i^d.     The  esseutial  oils  mny  be  recovered  from  tlie 

reel  oil  by  agitation  with  strung  and  higlily  rectified  alcohol.     The  essential  oils  of 

atne,  sweet  violets,  hyacinths,  Ac.,  are  obtained  in  this  manner. 

iSfwu!"*  These  oils  are  more  or  less  soluble  in  water »  and  the  solutiona 
loiowu  in  pharmacy  as  distilled  waters.  The  essential  oils  are  soluble  in  alcohol 
in  proportion  to  the  amount  of  oxj^gen  they  contain.  Upon  this  property  is  based 
Ibe  use  of  these  oils  in  perfumery  and  for  the  preparation  of  lifjuf'urs  (cordials). 
1.  M«taB<«7.  This  branch  of  industry  provides  ns  with  scented  waters  {rspriu  mux  d§ 
^■•Itfifr),  oiloriferous  extracts  (extrait$  a  o/ft'urjr),  perfumed  fata,  pomatums,  oils,  &c. 
Hj^ented  waters  are  really  alcohohc  solutions  of  one  or  more  essential  oils.  TJie 
Boohol  used  fortius  purpose  requires  to  be  very  pure  and  perfectly  free  from  fusel  oil 
^k  other  impurity*  The  oils  are  dissolved  in  tlie  alcohol,  and  in  order  to  blend  the 
Kixture  and  render  it  mellow,  it  is  kept  for  several  months  in  a  bottle  before  being 
^bld.  The  old  process  of  distillation  is  very  properly  discarded,  because,  owing  to 
^p«  high  boiling-point  of  the  oils,  a  portion  was  left  in  the  still,  while  the  scented 
Balers  thus  prepared  were  inferior  in  quality.  Eau  d^  MilU  Fhurs  is  prepared  by 
■ssolving  in  g  litres  of  alcohol.  60  gnns.  of  balsam  of  Peru.  120  grma.  of  oil  of 
H^ilpftjiiot,  60  grms.  of  oil  of  cloves,  15  grms.  of  neroli  oil  (oil  of  orange 
H^w«f8,  ft  very  expensive  oil^  15  grms.  of  oil  of  thyme,  adding  to  the  mixture 
Hlilns  of  orange-blossom  water,  120  grms.  of  tincture  of  musk,  obtained  by 
BgestiiiK  15  gnus*  of  civet  and  75  grms.  of  musk  ^ilh  :;  litres  of  alcohol  Eatk 
■  ^  32 
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d^  Cologne  ia  obliiined  hj  disBoking  in  6  litres  of  alcohol  32  grms^  of 

cil  of  orange-peel   emd   equal    quantities  of   oil  of   bergamot,    lemoiL,    €$»em9  tfr 

Umtttt^  e$sencc  Je  pvtit  ffrainit^  16  gnus,  essence  dn  cMro,  iind  equal   qtlfuitittcs  4 

citsnce  de  ceiintt,  exsenve  de  Portmjal ;  farther,  8  {jrms.  gf  ncroli  oil  and  4  gmti.  if ^ 

^osenlar)^ 

Tli«  |K!rfumed  extracts  are  generaOy  obtained  by  the  exlmustion,  by  mi 
alcohol,  of  tlie  scented  fats  tuid  oils  prepared  from   flowers   as  before  desicriboA 
DoeLcreiner  first  snggestt^d  tlie  use  of  artificial  perfumes;    among  Uiese    anj   n. 
cbi-micjii  PerfoBict.  alcohoUc  golutioQ  of  acetate  of  amyl  as  pear  oU»  valenit^  lyf  amyl  u 
apple  oil,  huternte  of  aiJiyl  as  pine- apple  oil,  pelargonate  of  ethyl  as  oU  of  quinoci 
fiuberate  of  etiiyl  as  essence  of  mulberries,  while  nitrobenzol  mixed  vn\h.  mtititaiM 
{oommercial  mtrobenzolj  is  termed  artilicial  oil  of  itlmonds,  nod.  when  very  r 
sold  as  esan'iuif  de  Mirhanc^  chielly  used  for  the  jireparation  of  aniline.     The  p* 
fats  {pomatums)  of  better  quality  axe  generally  prepared  from  an  infusion  of  the 
flowers  witli  oil  or  fat  at  a  temperature  of  65',  or  by  a  process  of  digestion  in  fill 
cold  by  placing  tlie  llowers  in  layers  between  pure  lard  or  cotton- wool  umkti  i& 
very  ptiro  olive  oil;  fnflcuraije  is  the  name  given  to  this  operation.     Tlie  • 
poraatiuns  are  made  simply  of  lojd  or  maiTOw-fat  coloured  with  ttirmerlc,  aii  1 
aD^anet  r(Mjt,  and  perfnintid  witli  u  ftw  ihops  of  some  essential  oil. 

Fr*p«i»Uoti  o{  carai»ij.       The  aim  of  tlie  preparation  of  liqueurs  (cordlfils)  is  to 
brandy  a  more  agreeable  beverage  by  the  addition  of  sugar^  glycerine,  and 
snbslanct^B.    A  distinction  is  made  betwei^n  finer  liqueurs  {rosi^flio)   and 
cordials  {ttqutt  i'ltti:)  according  to  the  qmdity  of  the  materials  employed  forlbe 
When  a  sntheiently  hu'^'e  quantity  of  sugar  is  used  to  render  tlie  hqueur- 
they  are  designated  cremes,  whde  those  made  with  tlie  juices  of  fruit 
pressure,  sugar,  and  alcohol,  are  calhd  rat  alia.     These  hqueurs  are  notpn 
any  great  extent  in  this  cotmtri';  but  in  IrancOf  Italy,  Austria,  and  especially  Hoi 
the  preparation  is  on  a  large  scale. 

The  basis  of  all  lii]ueurs  is  a  very  highly  rectified  and  pure  alcohol.  Hit 
vegetable  materials  used  in  the  liqueurs  may  be  classitied  untler  tlirec  heads :— ll 
the  first  filace,  such  vegetable  substauees  as  coiitain  essentiid  oils  und  an  nii 
for  that  reas<m  only,  carraway,  aniseed,  juniper -berries,  mint,  lemcm-peel, 
blossom,  and  bitter  almonds.  These  substances,  previously  bruised  or  cot 
digested  witli  alcMhol,  tlie  mixture  being  next  distilled,  or.  as  is  more  gi 
case,  iilco4n>lic  solutions  of  Uie  essential  oils  are  employed  and  tlie  pi 
performed  in  tlie  cold.     To  the  second  class  belong  such  vegctabh  r« 

used  for  Ujc  sake  of  Uieir  essential  oil  and  fur   their  aromatic  il4i 

diielly  roots,  such  as  sweet  calamus,   gentian,   ginger,   orange -peo I,   tinn|t4t 
Cttra^oa  apples  i,a  peculiar  kind  of  orange),  wormwood,  cloves,  cinnatnon^  \i 
Ifiod  of  an  orcliidaceous  plant  originally  brought  from  Meidco).    The^  gnl 
having  been  bruised  arc  digested  witli  alcohol  either  at  the  ordinary  tcin] 
the  air  or  at  50'  to  6o^  the  result  being  the  formation  of  what  is  teriut*d  a 
To  the  tliird  class  btloug  fruits,  such  as  cherries,  pine-apples,  strawberries, 
benics,  tlie  juice  of  whicli  is  obtained  by  pressure,  passed  through   u  sievov^ 
mixed  with  alcohol  and  sugar  or  syrup,  viz.,  a  solution  of  4  lbs,  of  re^ed  loiif« 
in  4  litres  of  water.     The  liqueurs  generally  contain  from  46  to  50  per  cent  of 
|t  ia  customary  to  colour  the  liqueurs  red  mth  santal-wood,  cociiineal,  ualUM 
l^ik  the  Ciwcus  ^Qlonieu^t  as  i^  the  case  with  the  celebrated  Alkermes  d«  i* 
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liqueur  mwie  at   Flarfnce  ;    yellow  with  sftflron,   Uirraoric,  ar  marigold   flowers 

enduht)  \  green  by  mixing  yellow  and  blue  ;  blue  witli  tiucture  of  iEdigo ;  violet 

Wh.  aniline  violet;  while  in  many  wis  us  carainel  is  used  to  Impart  a  brown  colour. 

be  so-cftlled  crSm^  contain  for  every  litre  of  liquid  about  i  lb,  of  sugar  or  a  oorre- 

andiujar  quantity  of  glycerine.    Aa  an  instance  of  tiie  compoaitioii  of  a  liqueur, 

oraschino  conaiats  of  4  litres  of  raspberry  wnter,   ij  litres  orange-blossom  water, 

^litres  kirschwasser  (a  Swiss  prepjiratiim — ^from  cherries  fermented  and  dial iUed — a 

(spirituouiiliquid  which  contaius  bydrcm'timc  acidi ,  t8  lbs.  of  sugar,  and  9  litres  of 

bl  at  89  to  go  imr  cent,     Li([ueurs  are  very  similar  to  crcm^^,  but  conUiius  less 

Englifcih   bitt(?r  conuins  5  parts  of  Jlare<h)  cortkum  aarantinrum  (outer  rind 

^  dried  oranj^'e  peel),  6  partes  uf  cinchona  bark,  6  parts  of  gentian,  8  parts  of  Ctirduus 

lic4^  8  parts  of  centaury,  8  parts  of  wormwood,  4  of  orris  root  digested  with 

;  litres  of  alcohol  at  50  per  cent,  while  after  filtration  la  lbs.  of  sugar  are  added. 

Cberrj*  ratafia  1^20  litres  of  eherry  juice,  20  litres  of  alcohol  at  85  per  cent.  30  lbs. 

eta  gar.  and  usually  4  to  8  litres  of  bitter  almond  water,     Pepperniiut: — li  litres  of 

.  ASiteiitiiU  oil  of  peppermint  iliasidved  in  i  litre  of  alcohol  at  So  per  cent ;  this  solution 

I  poured  into  54  litres  of  alcohol  at  72  per  cent  sweetened  with  60  lbs.  of  sugar 

evioualy  diasolvedin  26  litres  of  water,  and  coloured  with  either  tincture  of  indigo 

f  tnrmeiic. 

By  the  action  of  the  oxygen  of  the  air  most  of  Hie  essential   oils    ara 

jluiiUy  Lliickened,  and  at  lengtli  converted  into  a  substance  termed  resin.     Hcsins 

equentlj^  met  with  in  tlie  vegetuble  kingdom;   in  some  instances,  as   with 

DOS  trees,  resin  Hows  spout mieously  from  tlie  wood  in  combination  with  an 

I  oil,  so-called  Venice  turptutinc,  which  hardena  by  exposure  to  air.     Some 

t  are  exti-aeted  from  veget^ible  matter  by  means  of  alcohol,  diis  solution  being 

*  precipitated  with  water  or  evaporated  b:>  dryness.     Resins  are  either  soft,  and 

»  ibcn  tenned  balsams,  chiefly  solutions  of  resin  in  essential  oils,  or  hard.     To  tlio 

oer  belong  Venice  turpentine,  Canada  balnam,  balsam  of  Pern,  Copaiva  balsam, 

. ;  lo  the  latter,  amber  (a  fossil  resinl,  anime.  c«pal,  gum  dmnmar,  mastic,  shellac, 

iphaite.      The   gum  resins   are   obtained   from   incisions  made  in  certain    kinds 

pktits,  the  milky  juice  of  which  hardens  by  exposure  to  air;  these  suliatances 

tly  soluble  in  water,  and  }^eld  with  it  in  many  instances  an  emulsion  \  for 

ce,  assaffj^tida,  gum  gutti,  &c,      Mony  gum  resins  possess  a  very  strong  odour 

contain  essential  oils.     Altliough  it  is  customary  to  treat  of  caoutchouc  and 

titta-perchn  under  the  head  of  resins,  tliese  substances  are  not  related  to  resins  at 

1,  but  belong'  to  a  separate  cliiss  of  bodies,  among  which,  according  to  Dr.  G.  J, 

tiilder'g  researches,  tlic  so-called  diying  oils  must  be  enumerated. 

^Si^wT       Sealing  wax  of  m«dei-n  time  tfor  mediieval  sealing-wax  waa  really 

^mixture  of  wax  \^^tli  Venice  turpentine  and  colouring  matter)  is  prepared  from 

to  which   some   turpentine   is   added  in  order   to    promote  fusibility   and 

event   briitleness.      Red   seahug-wax    and  briglit  coloured    wax   are   made  of  a 

pale,   sometimes    even    purposely   bleached,    shellnc,   while    black   and  dark 

sealing-wax  are  made  of  more  deeply  coloured   shellac. *    In  addition  to 

and  turpentine,  sealing-wax  contains  earthy  matter,  added  not  only  for  the 

of  increasing  tlie   weight  hut   aljso   ft>r  preventing  Uie   too    rapid    fusion 

the  mfl^s;    chalk,   magnesia,  plast^-r  of  Paris,  zinc- white,  sulphate  of   baryta, 

oUn,  finely-divided  silica,  are   employed  for  this  purpose.     Red  sealing-wax   ia 

tffrared  by  melting  together  in  an  iron  pan  placed  on  a  charcoal  fire  4  parts  of 
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shellac,  I  part  of  Venice  turpentine,  and  3  parts  of  cinnabar  (TermilliaQV,  ctn 
Ixsiiig  taken  to  stir  the  mixture  constantljr^  Ordinary  red  sealing' wuc  in  ofteo 
composed  <>f : — 

Shellac «     «••     **.     ••• 

Turpentine -     ... 

Chalk  or  nmgnesia      

Gypsum  or  zinc -white 

Baryta  white        

Vermillion    ,♦ 

Oil  of  turpentine ..» 

The  ccK>led  but  sUU  eoft  mass  ia  either  rolled  on  a  alah  of  marble  and  shaped  mto 
ttHiikB,  or  Llie  do  id  mass  is  run  into  brass  moulds.  Perfumed  s^^aiing-wax  cf.T  ^  : . 
either  benzoin  resin,  atorax,  or  balsam  of  Peru.  The  various  colours  are  impark^  U 
cobalt  ultramarine  (eobiilt  blue),  chromate  of  lead,  bone-black,  Ac.  ^Inrbled  «eahii|- 
wax  is  made  by  mixing  variou4>ly  coloured  s-tfalin^wax  together.  Inferior  kixidi  d 
sealing-wax — piircei-wax — tire  coloured  willi  red  oxide  of  iron,  while  instes4  4 
shellac  ordiuary  rt'siii  is  used  with  gjpsum  or  chalk*  Nt*w  Zealand  reaiJi, 
produce  of  the  Xattthorrhjia  hastiiU^  la  now  frequently  used  instead  of  sliellac. 

AMthMiif.     This   matt^rial  aome limed  known  as  bitumen,  is  a  blaok,  glassy, 
resin,  prtjbably  formed  by  the  gradual  oxidntion  of  petroleum  oil ;  it  cmhsuis  m 
largely  on  the  island  of  Trinidad,  on  the  nortliem  coast  of  S.  America,  at  the  maask 
of  the  Orinoco,  on  Uie  water  of  the  Dead  Sea  (anciently  Lacui  Aiphaltitn),  isd 
in  some  other  iocallieSf  viz.  France;  Seyssel,  I>epartemcnt  de  I'Ain,  a  lim«^'StoQ«  oa^ 
laining  18  per  cent  of  asphalt.      By  boiling  this  hmestone,  previoualy  brokca 
into  small  lumps,  with  water,  there  ia  obtained  an  asphalle,  7  parta  of  whidi 
mixed  with  90  parts  of  native  asphalte  limestone.     The  nmleriaU  ate  ground 
together  and  are  employed  for  paving  purposes,  being  compressed  with  heavr 
higMy  heated  irons.    Asphalte  also  occurs  at  Val  de  Travers,  Switxerkuid 
Hanover ;    Lobsann,   Lower  Alsace ;    and  in  the  Northern  TyroL     Aaphallep 
Iniumen,  is  somewhat  soluble  in  alcohol,  readily  so  in  Persian  naphtha,  oil  of  ti 
tLne,  benzol,  and  benzoline.    It  is  used  in  varnish  making  (iron  vamiah),  in 
ving  copper  and  steel,  as  an  etching  ground,  and  as  an  oil  paint,    Aaphalte 
witli  sand,  lime,  or  limestone,  is  largely  used  for  paving  purposes,  being  durahl« 
somewhat  elastic ;  it  is  employed  for  this  purpose  cither  in  a  pjii*ty  or 
State*  or  in  powder.    Instead  of  native  asphalte.  Busses  terresin,  n  mixture 
lar,  lime,  and  sulphur  is  sometimes  used,  as  well  as  coal  tar  asphalte,  obi 
fBLs  works.    The  residue  of  ilie  distillation  of  coal-tar  ia  often  employed 
aaphalte,  and  pebbles  mingled  with  eoaltar  are  now  used  to  form  exceUenl 
In  some  parts  of  tlie  metropolis. 

ckotttduraa.      Elastic  gum  or  india-rubber,  is  derived  from  the  the  milky  juict 
series  of  plants,  occurring  also  in  opium ;   but  the  commercial  article  is  ol 
Irom  the  milky  juice  of  various  trees  belonging  to  the  natural  coders  of  the  V\ 
JSvphorhiamat  Apoeynea.    Among  the  trees  which  yield  caoutchouc  in  large 
we  the  Sipfwnia  cahuat,  in  South  America,  and  the  East  Indian,  Ureeolii  tit 
ttliuiusx^  F,  rdi^ioiett  F.  indica,  also  yield  caoutchouc.     It  Is  obtalnal 
ndsums  in  tlie  tree  and  collecting  the  exuding  juice  in  vesaele  of  diiedclqr 
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te  juice  ia  solidified  by  the  application  of  fire  or  by  exposure  to  the  sun's  rays ;  tho 
Uij  known  as  lanl  gum  is  usually  dried  by  exposure  to  the  sun.  Perfectly  pure 
utchouc  is  ft  white*  and  in  tluu  sheeU  sefui-tmtjspareut,  substiince ;  its  texture  ifl 
not  tibrous ;  it  13  pcrfecrly  elastic,  becomitij^  turbid  and  fibrous  when  strongly 
ptcbed.  Excessive  cold  reiidurs  it  hard  but  not  brittle.  The  specific  gravity  of 
Dtchonc  is  o  925.  Altliough  hot  w»ter  imd  ateam  render  caoutchouc  soft,  it  is  not 
(ther  acted  upon  by  them.  It  is  insoluble  in  aicohol,  not  acted  upon  by  dilute 
or  strong  alkalies,  while  for  a  very  long  time  it  resists  the  action  of  chlorine. 
ong  sulphuric  and  nifxic  acids  decompose  india-rubber,  and  when  red  fuming 
itric  acid  is  employed  a  violent  combuslitm  ensues.  If  when  strongly  stretched 
india-rubber  is  placed  in  cold  water  for  a  few  minutes  it  temporarily  loses  its 
elasticity,  which  it  regains  by  bt  iiig  immersed  for  a  few  minutes  in  water  at  45'',  By 
osure  to  a  gentle  heat  caoutchouc  becomes  supple,  and  tinaliy  melts  at  200  ,  with 
[  decomposition,  forming  a  viscous  mass  which  does  not  again  become  solid  on 
Ling.  When  caoutchouc  is  ignited  in  contact  wilh  air  it  burns  with  a  sooty  flame, 
I aU  substances  with  wliich  we  are  acquainted  none  would  be  better  suited  to  gas 
nufacture  than  caoutchouc,  whieh,  according  to  experiments  made  many  years  ago 
Jtrecbt, yields  at  red  heat  riithtr  more  than  30,000  cubic  feet  of  gas  to  the  ton,  the 
being  quite  free  from  sulphur  and  ammonia  compounds,  and  its  illuminating 
rer  very  superior  to  tJiat  of  the  best  oil  giis.  Unfortunately  caoutchouc  is  much 
high  priced  for  this  application.  Caoutchouc  may  be  kneaded  with  sulphur 
i  oQicv  substances  by  Oie  wid  of  heat,  becoming  converted  into  what  is  known  aa 
sed  indi  11 -rubber,  vuk unite,  elji>uite,  ttc.  Wlien  caoutchouc  is  submilled  to 
disrillAti(>n.  at  much  beli>w  red  heat,  it  yields  only  oily  huids,  consisting  of 
rbon  and  hydrogen  (caoutchen,  heveen,  Ac),  which  me  pit r  <»xr'W/twtt<f  solvents  for 
titcbouc.  Caoutchouc  itself  contains  only  carbon  and  hydrogen,  its  formula  being 
Jilj  {In  100  parts:  87*5  carbon  and  125  hydrogen)  ;  probably,  however,  caoutchouc 
;  more  complex  mixture  of  various  hydrocarbons. 

Ate  of  Gkoatciuaa,      Indiarubber   is   soluble    in    aleohol-freo    ether,    in    the    oils 
Bpyreumatic)  of  caoutchouc,  in  Persian  naphlha,  oil  of  turpentine,  sulphide  of 
on,  and  in  chloroform.     Industrially   tlie  etliereal  solution  of  caoutchouc  is 
Bless,  because  it  contains  hnrrlly  more  than  a  trace  of  tlmt  substance.     As  re^^ards 
I  of  turpentine,  it  dissolves  caoutcliouc  only  when  the  oil  is  very  pure  and  with  the 
pEcalion  of  heat ;  the  ordinary  oil  of  turpentine  of  commerce  causes  india-rubber 
I  swell  rather  tlian  to  become  dissolved.     In  order  to  prevent  the  viscosity  of  the 
|ia  nibber  when  evaporated  frcmi  this  sohitif^u.  t  part  of  c'ar>utchoiie  is  worked  up 
1 1  parts  of  turpentine  into  a  thin  paste,  to  which  is  added  4  part  of  a  hot  and 
entrated  solution  of  sulphuret  of  potassium  (KiSji  in  water ;   the  yellow  liquid 
oed  leaves  tlie  caoutchouc  perfectly  elastic  and  without  any  viscosity.     The  sola- 
tia of  caoutchouc  in  coal-tar  naphtha  and  benzoline  are  most  suited  to  nnit-e  pieces 
[  caoutchouc,  but  the  odour  of  the  solvents  is  perceptible  for  a  long  time.     Ab 
Sorofonu  is  too  expensive  for  common  use,  sulphide  of  carbon  is  tlie  most  usaal 
L  also  the  best  solvent  for  caoulcliouc.    This  solution,  owing  to  tlie  vohitiHty  of  the 
atruum,  soon  dries,  leaving  the  caoutchouc  in  its  natural  Maie.     When  alcohol  is 
xalxed  with  sulpliide  of  carbon  tlie  latter  does  not  any  longer  dissolve  the  caoutchouc, 
simply  softens  it  and  renders  it   capable  of  being  more  readily  vulcanised, 
ohol  precipitates  solutions  of  caoutchouc  and  gutta-percha. 
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''*'KIjSritSt?***      India-rubber  is  used  to  d«ftii  pfli>e'r,  rub  <mt  bladc^lattd 
marks,  for  making  waterprouf  fabrics  imadntos^hi,  robber  sponge,  tubing,  t^Mlte  ««&■» 
luteSf  kc. 

TtdwniMd  cta«Di«iK>««.      \V1ien  cftoutcbouc  is  immersed  for  some  time  to  molt4!ti ! 
it  absorbs  tlje  latter,  and  becomes  converted  into  a  yellow,  vctt  ela<»ttc 
properties  of  vukanit^ed  india-rubber  are :  elnsticily  even  at  low  t«^mpcrmtQn*s.  »lnl« 
ordinary  india-rubber  borvlenB  at  3-.     VnlciiniseJ  India-rubber  a  in^tduble  in  Um^mI- 
vents  of  caoutchouc.     It  rcbials  compression  to  a  very  gi^eat  extent ;  benoe  Hi  1 
instead  of  steel  springs  on   the  tramway  cars.      According  to   lb*  «i]i| 
eaoutchouc  was  vulcanisetl  by  bein||  placed   for  some  ten  to  ^ftvcn    minu 
ihin  plates  in  molteu  sidpliur  heated  to  120%  the  weight  of  the  ca0at<rh«iuc  inc 
10  to  15  ptT  cent.     The  material  was  subsequently  mechanically  treaU'd  by  j 
and    then   heated   to    150''.      In   order  to   prevent    efflorescence    of    th*   Hnfj^trf, 
awuU'houc  is  sometimes  heated  to  120"^,  and  then  kneadeil.  by  the  aid  of  ) 
machinetT,  with  cither  kermes  (Sb^S^),  or  a  mixture  of  sulphur  and  sulpii 
arsenic.    At  the  present  day  Parkes's method  is  generally  adopted  ;  this  emnut 
gimply  immersed  in  a  mixture  of  40  parts  of  sulpliide  of  carboo  ntd   t 
chloride  of  sulphur;  it  is  next  placed  in  a  room  heated  to  2I^  and  when  aB  Uw  1 
phide  of  carbon  has  l>oen  volatilised,  the  process  is  in  sc»  far  «N»mptete  l^iat  it  it  ni^ 
requisite  to  IhiiI  the  material  in  a  solution  of  500  gmt^  of  caustic  potasisft  to  !o  1 
of  water,  the  vulcranised  eaoulehouc  being  next  M-a^hed  to  remove  rxees£  of  j 
Becently  U870)  Ilumphrty  has  introduced  the  use  of  petroleum  ether  (li 
instead  of  sulphide  of  carbon ,  as  tlie  former  fluid  diasolves  ehloride   of 
readily,      H.   Gaultier   de    Claubry   ti86o)    vulcanises  caoutchouc   by 
bleacliing*powiler  and   llowera   of    sulphur.      This  mixttire  pn^iures  ch 
sulpJmr,   and   the   caout<.houc   Ircatrd   by  it  contains  some  chloride   of 
Neither  tliis  process  nor  that  of  Gerard — tlie  use  of  a  solution  of  pentantlp 
potassium   of  25"^  to  30"  B.,  aided  by  a  tempemture  of  150*.  and  a 
5  aUnot«pheres  or  75   lbs.   to  the  square  inch— are  practically  available  m 
large  scale.     Articles  of  vulcanised  india-rubber  are  made  of  ordinary  1 
and  then  vulcani^eil.      The  uses  of  vulcauised  india-rubber  are  so  many  aal  I 
generally  knuwn  that  it  is  hardly  necessary  to  enumerate  them. 

In  the  year  1852  Goodyear  discovered  a  process  by  which  caoutchouc  is  rendin 
hard  and  woodliko,  being  then  termed  vulcanite  or  ebonite.     This  substance  eidiili 
a   black    or  brown  colour,    and   is   largely  used  for  making  combs,  iiuitatka  J 
ornaments,  stethescopes,  and  a  variety  of  articles.    The  preparation  of  eboitiie  i 
from   that  of  vulcanite  only  in  tlie   introduction  of  a  larger  amount  of  1 
(30  to  60  per  centK  at  a  higher  temperature,  with  the  addition  of  other  snlie 
sheUii<.\  gutlu-perchu.  asphalte,  chalk,  sulphate  of  baryta,  pipe-clay,  sulphoriitsj 
zinc,  aniimony,  or  t'opper,  Ac.     Ebonite  is  capable  of  taking  a  liigh  poliikh; 
not,  as  is  the  case  wiUi  horn,  become  rough  when  cleaned  with  hot  water,  and  if  I 
tome  extent  elastic.     Vulcanised  caoutchouc  mixed  witli  sand,  emery,  and  qtiartt. 
la  used  for  sharpening  a^^n-idulttiral  implements,  scythes,  sickles,  &c. 

rwrfoHJoti  a^  rommmptiMi       The  total  quantity  of  eAoutchoue  produced  in  1870  I 

efCw*ataiwqc  120,000  owt«.,  of  which  the  island  of  Jar»  yicldod  60b00o  f«ti. 

Tlie  etmsqtnptinn  is  fully  equal  to  the  supply,  the  largest  qutiutity  hcing  UB»d  ia  Ificitl 


„.^j  reepi^cts  similar  to  cooutuhouo ;   it  is  the  inspiseatod 
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andra  guita^  a  tre«  growing  in  Malacca,  Borneo,  Singapore,  Java,   Madura,  and 
I  adjo^^eDt  coon  trie  3p 

Guttapercha  was  at  first  obtiiined  by  felling  the  trees  and  collecting  the  exuding 
I  jliiee,  either  in  suitable  vessels  or  in  shallow  pits  dag  in  the  soU,  or  in  baskets  mad^ 
^  from  banyan  leaves,  the  juice  being  left  to  coagnlate  nnder  the  action  of  the  sun. 
More  recently  deep  incisions  are  niade  in  the  trees  and  the  exuding  juice  collected. 
Tlje  liinips  of  solid  gutta-percha  thna  obtained  are  urdted  by  softening  in  hot  water 
ioid  by  pressure.     The  raw  gutift-percha  of  commerce  is  a  dry,  red.  or  marbled  maj^s, 
not  unlike  leather  cuttings  whicli  have  been  pressed  together  ;  tiie  raw  material  con- 
tains a^  impurities  Bonie  saud*  snuiil  pieces  of  wood  and  bark,  and  sometimes  other 
i  inspissated  vegetable  juices   of  less  value    than   gutta-percha-      The  name   gutta- 
bib  really  means  Sumatra  gum,  this  island  being  known  in  Malay  btuguii;*e  as 
D-x»ercha,     When  perfettly  pure  guttn-pereha  la  quite  white,  its  ordinary  brown 
l^lour  being  due  to  an  acid  lusoluble  in  water,  which  is  present,  partly  free,  partly  as 
ii£a<duble    saJts    (of  magnesia,    ammonia,    fpota^h,   and   protoxide   of  miuiganese). 
of  ftpoi^Tenic  aeid ;    but  in  addition  there  is  a  small  quantity  of  organic  colouring 
[niAtter.     Gutta-percha  i&   a  mixture   of  several  oxygen-containing  resins,  which 
isppear  to  be  Uie  products  of  the  oxidation  of  a  hydrocmbon,  the  formula  of  which  id 
C30H60'     Payen  found  in  gutta-percha  the  following  sub^stances  ; — 75  to  80  per  cent 
\oi  pure  gutta-percha;    14  to  16  per  cent  of  a  white  crystalline  resin  termed  albiui; 
mid  from  4  to  6  per  cent  of  an  amoridious  yellow  resin  namtd  tbiavil      IVeviounly  to 
^Wiug  ui>ed  gutta-perclm  is  cleansed  from  dirt  by  a  nKchauical  process  of  kiiearling 
warm  water,  being  then  visually  rolled  into  tliick  plates  or  sheets.     The  purihed 
ial  exhibits  a  chocolate -brown  colour,  is  not  transparent  unless  first  redneed  to 
eta  aa  tliiu  oh  paper,  when  the  gutta-percha  is  in  transparency  e«iual  to  horn.    At 
[tlie  ordinary  temperature  of  the  jiir  gutta-percha  is  very  tough,  stitl'.  not  very  elastic 
'  xucir  ductile.     Every  square  inch  of  a  strap  «.>f  gutta-pereha,  if  of  good  quality  and  aii 
homogeneous  as  possible,  can  smftain  a  stndn  of  1872  kilos,  witiuiut  breaking.     Its 
ap.  gT-  =  0*979,    At  50"^  it  becomes  soft,  and  at  70'  to  So"  it  is  so  soft  as  to  be  very 
readily   motdded,  while   two  pieces   pressed  togetlier  at  tliis  temperature  become 
perfectly  joined.     By  the  aid  of  heat  gutta-percha  can  be  rolled  into  idieets,  drawn 
into  win^  aud  kneaded  into  a  homogeueoua  mass  with  caoutchouc. 

ii..j»^„tj ,.(  outii^i^eroiu,  Guttii  percha  is  insoluble  in  water,  alcohtd,  dilute  acids^  and 
alkalies  ;  it  is  soluble  in  warm  oU  of  turpentiJie,  sulplude  of  curbou.  ehlor<dorm.  coal- 
tar  oil,  caoutchouc  oil,  and  in  tlie  somewhat  similar  oil  obtained  by  die  dry  distilla- 
tion of  gutta-percha.  Ether  and  some  of  the  essential  oils  render  gutta-percha  pasty. 
As  already  stated  tiiis  substance  becomes  »oftin  hot  water,  absorbing  a  small  quHUtity* 
which  ia  only  very  slowly  driven  off.  Dry  gutta-percha  is  a  veiy  good  insulating 
jnaleriol  for  electricity. 

r^Mitf  ouiia-Prtrbik.  The  natural  properties  of  this  Bubstauce  indicate  its  T:?e  aa  a  aub- 
stitfTt^  for  leather,  pupipr  miiche,  cardboard,  wood,  millboard,  paper,  metal,  *c.,  in  all 
oa*.*  I  Hscsl  to  the  iictiim  of  heat,  and  where  a  Rubstftnce  iw  desired  rehisiing  wat(^r, 

ale  adds,  and  alkaUts.     The  raw  materiid,  pr^jviounly  ti>  btin^  moulded  into 

atwi" ,  i-  jTMiiiied  and  kiieadtnl  by  means  of  powerhil  machinery  and  with  the  ii^iHi^^tance 
oi  hot  water  (Bome  BtnU  or  bjJacbiug-pfiwdt-r  s<duiion  being  addrtU,  the  aim  being 
tlie  removal  of  eueh  injpurities  as  are  ouly  mechanically  mixed  with  the  putta-iKTcha  as 
wvll  aa  the  removal  of  some  of  the  ctiloujing  mutter,  while  a  more  homogeneous  mass  la 
produced.  The  purihed  KubHtauce  is  next  submitted  to  the  action  of  kneading  machinery 
similar  to  that  in  uk<'  f<ir  worktuji  up  caoutcbfmt\  while  it  ir  rolled  out  into  phttes  of  ftonio 
3  centimetres  iu  thicknens,  Gutta-percha  is  mtMiided  into  tubes  by  the  aid  of  machinery 
aunilar  to  that  employed  for  making  lead  and  block-tln  tubing.  Many  objects  are  madia 
irtfin  gutta-peroha  bypn^seing  it  wMle  soft  inio  wooden  or  metal  moulds.    By  the  Ufl9  ol 


4S3 


CHEMICAL  TECHNOLOGT. 


a  soluUan  of  guita-percha  Id  lienzol,  it  maj  be  glacd  to  leather  and 
It  ifi  almost  iiijpoKBible  to  enanicirate  the  various  uses  of  gtittjt-percli&.  II  la  eaipkijid 
for  straps  for  nijichineiy  instoad  of  leather^  tubes  for  couTeyiug  water,  pumps,  paQi,  as- 
gicol  inytrumeuts,  orjiftmental  objects  of  Tarious  kinds,  for  covering  ielegrmph  wiret,  iU. 
VuIikG  piiro  caootebonc  griita-percha  bocomes  gradually  detenora^  bjexpoMintolto 
atmosphere,  so  that  it  can  be  even  readily  groand  to  powd«r. 

Mutnre  of  o«tiB.porth»  Prequently  a  mixture  of  i  part  of  gutta-perclia  and  a  parts 
aiiaci4-.uici.rac,  ^f  caoutchouc  is  employed.  Articles  made  of  this  eomp^gn^ 
possess  the  properties  of  both  substances,  and  may  be  vulcanised  equally  aa  ^ 
galta-percba  alone.  A  miiiure  of  eq^ual  parts  of  oaoutchouc,  guttu-perchi^*  and  - 
Elated  for  several  hourH  to  izo^f  obtains  properties  similar  to  those  of  bone  and  nuta. 
Bomedmes  i^i>sujii,  tc-gitj,  and  lead  compounds  are  added  to  this  nuxtttre,  which  ii  tiNB 
used  for  making  koife  hafts,  buttons,  Ac. 

vmii-tM*  By  varnish  we  understand  a  liquid  of  an  oily  or  resinous  natan 
employed  for  coating  varioaa  objects,  the  thin  tilm  becoming  dry  and  hard,  Um 
protecting  the  object  on  which  it  is  laid  from  the  action  of  air  and  water,  aoi 
&t  the  some  time  imparting  a  glossy  and  stdiung  surface.    We  distingnish  oil  itd 

on  vunjoie*.  Spirit  vaniishes.     Oil  varnishes   are  usually  prepared  from  lins««d  I 
but  sometimes,  espeeially  for  artist's  purposes,  poppy  seed  and  walnut  oil  (> 
drying  oils|  are  nsod.    Linseed  oil  (raw r  become  s  slowly  converted  by  the 
the  air  into  a  tou^h,  elastic,  serai-transparent  mass ;  but  this  property  is  ] 
a  far  higher  degree  by  the  so  called  boiled  oil.  that  is  to  say — an  oil  which  hail 
brought  by  the  action  of  heat  und  of  oxidising  materials  into  a  state  of 
activity*  in  fact— into  a  state  of  incipient  slow  oxidatit>n,  the  result  of  wliichlil 
formation  of  the  substance  termed  by  Dr.  G.  J.  Moider*  linoxine,  which  in  i 
its  properties  corresjionds  to  caoutchouc.     The  drying  of  oil  vamj^es  is  not  I 
fore  due  to  evnporalion  (leaving,  as  is  the  caj^e  with  alcohol  varnishes,  a  coherenll 
of  resin),  but  to  the  oxidising  action  of  the  oxygen  of  the  nir,  whereby  a  coh 
film  of   linoxine   is  formed.     Linseed  oil   (raw)  is  converted  into  what   is 
varnish  by  heating  the  oil  witli  certain  substances  which  more  or  less  r«tadiJy  gir«4 
oxygen,  while  these  substances  also  act  upon  the  elaine,  palmitine,  and  myristiaail^ 
the  linseed  oil.     The  greater  part  of  the  linseed  and  other  drying  oils  id  hno 
3(C3tHa703),C(iH503.  which  by  slow  oxidation  becomes  lipoxine  —  C^jHjyOfi,  I 
Uie  action  of  alkwlies  converted  into  linoxic  acid,  HOX'jzHajOg,     The  sufa 
with  wliich  raw  linseed  oil  is  boiled  are  litharge,  oxide  of  zinc,  and  peroxide  of  i 
ganese.    It  is  certxiinly  preferable  to  carry  this  operation  into  effi^ct  upon  tliei 
bath,  or  at  least  with  vessels  provided  witli  steam  jackets.     The  oxides  ore  ctnpla 
in  coarse  powders,  which  are  suspended  in  u  linen  bag  in  the  oil.     In  practice  1 1 
of  oxide  of  zinc  or  litharge  is  taken  to  16  parts  of  raw  oil :   and  of  Uie  miuig 
I  part  to  10  of  oil ;   the  oxides  become  partially  dissolved  in  the  olL  while  llitv  i 
in  converting  the  palmitine,   &c.   {not  linoleine),  into  plaster  (lead  or  one 
Boiled  linseed  oil  usually  contains  from  25  to  3  per  cent  of  litharge 
NiiLher  the  addition  of  sulphate  of  ?.inc  nor  such  altanrdly  added  sah 
onions,  breail  crust,  or  beet- root  have  an3'  result  what-ever.     Linseed  oil  int 
be  mixed  with   zinc  white  should  not  be  boiled  with  litharge,  hut  with  pc 
of  manganese.    The  lower  tlie  temperature  at  which  linseed  oil  is  boiled  the  1 
it^a  colour.     Mulder  found  that  when  raw  linseed  oil.  especially  if  old,  ' 
12  to  18  hours  nt  a  temperature  of  too**,  it  acquired  the  property  of  boile 
Sometimes  after  boiling  linseed  oil  is  bleached  by  exj^osing  it  in  shallow 

*  This  author  published  some  years  ago  in  the  Dutch  language  a  highly  tntercstioca 
able  work— practically  as  well  as  Beientifically'-on  the  drying-oiU* 
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litims.  deep,  best  made  of  sheet  lead,  coTered  witli  sheets  of  glass,  to  the  actioii 
foag  summer  suuHght,  Liebig's  recipe  for  making  a  bright  vartiieh  is  th« 
Iring : — ^To  lo  kilnij,  of  raw  linseed  oil  are  added  300  grma,  of  finely  pulverised 
rge,  after  wliich  there  ia  added  a  solution  of  600  grta»,  of  acetate  at  lead ;  the 
ire  is  vigorously  stirred,  and  after  the  Buhsidence  of  the  materials  the  clear 
Ih  is  ready  for  use.  Burate  of  manganese  ia.  according  to  IJurruel  and  Jean,  - 
peellent  so-called  siccative  (dryer)  when  added  to  raw  liaseed  oil,  i  part  to  1000 
^  Mulder's  exp*^riments  confirm  this  statement  in  every  respect. 
pi»«.  This  is  used  in  j^ilding  for  Bxing  gold  leaf  on  wood»  piip«?r,  dtc*  and  consiEtfl 
solution  of  linw^C'd  oil  and  lead  pldster  in  oil  of  turpetitijit\  prepared  by  first 
l^fing  Unseed  ml  with  catistic  soda  or  poiasBa,  and  precipitntiiif^  tho  a<iaeous 
Dp  of  the  soap  with  a  s<ilntion  of  acetate  of  lead,  the  lead  soap  tbus  formed  being 
lisBolTed  in  oil  of  tiirpoutiiie. 

bffiiajL  Thin  is.  whiti  ^'eimine  and  prepared  from  good  linseed  or  walnut  oil, 
idridc  of  En^tleic  aciil»  Cj^Hj^^Oj,  mixed  with  very  finely  divided  lamp  hhiek,  and 
aed  by  heating  raw  linseed  oil  for  several  hours,  at  a  liigh  temperature 
^  to  360"),  whereby  tlxe  fatty  constituents — ^glycerine,  palmititie,  &c. — are 
li4>ed.  Usually  the  oil  is  heated  in  vessels  directly  eitposed  to  tlie  action 
9»  and  as  the  colour  of  the  ink  is  black,  a  deep  colour  of  the  residue  of  the 
^  of  the  oil  is  not  of  louch  consequence.  In  order  to  render  priiiUng  ink  more 
\j  dryings  some  borate  of  manganese  may  be  heated  with  it  at  315^  for  some 
U  The  quantity  of  line  lamp-black  i^best  re*ignited  in  clostJ  vessels,  or  exhausted 
boiling  alcohol)  usually  added  to  printing  ink«  amouuta  to  about  16  per  cent 
ia  added  in  order  to  prevent  smearing  and  assist  in  obtaining  sharpness 
jpreasiou.  Coloured  printing  inks  are  obtained  by  adding  to  builed  od  red  or 
[ir  other  pigments  ;  for  red  Vermillion  h  used.  The  ink  used  in  lithography 
ppper-plate  jn  it*  ting  is  made  thicker,  a  better  black  being  added, 
nubm.  The  so-called  fat  or  oil  varnishes  are  solutions  of  resins  in  boiled  lin-s 
til  mixed  witli  oil  of  turpentine,  benstol,  or  ben3«oline.    Amber,  copal,  animc, 

Ruar,  and  abphalte,  are  among  tlic  more  ordinarj'  resins  employed  for  this  pur- 
irarnishes  being  made  by  nudting,  with  the  aid  of  gentle  lieat^  the  amber, 
_       .,  to  which,  while  hquid,  boiling  linseed  oil  is  added.     The  cauldron  in 
thifl  oprrution  takes  place  iiliould  only  be  two-tliirds  filled  ;  and  the  mixture  of 
id  resin  kept  boiling  for  ten  minutes.     The  cauldron  having  been  removed  from 
re  its  contents  are  allowed  to  cool  down  to  140",  when  the  oil  of  turpentine  is 
The  quantities  by  weight  are  10  parts  copal  or  amber,  20  to  30  boded 
d  oil,  25  lo  30  oil  of  turpentine.      Black  asphalt e  varnish  is  obtained  in  a 
r  manner  by  treating  3  parts  of  aaphalte,  4  of  boiled  linseed  oil,  and  15  to  18 
of  oil  of  turpentine,     l>tuk  coloured   amber  varnish   is   not   prepared   from 
but  from  the  residue   {anther  colojihoiiium)  of  the   distitlation  of  the  empy- 
|Mic  oU  of  ambtji  and  succinic  acid  left  in  the  still  from  the  prepartition  of 
acid.     These   varnishes  are  tlie  most  durable,  but  they  dry  slowly  and 
e  or  less  coloured^ 

Fftkh-  The  so-called  spirit  varnishes  are  solutions  of  certain  resins, 
laudarac,  mastic,  gumlac  (slielJaci,  anime  in  alcohol,  aceU>n,  wood  spirit, 
kline,  or  sulphide  of  carWn.  Good  spirit  varnish  ought  to  dry  rapidly,  give  a 
f  surface,  adhere  strongly »  and  be  neitlier  brittle  nor  viscous.  As  shellac  ia 
mniXj  employed,  the  name  of  lac  varnish  is  sometimes  given  to  these  varnishes. 
spirit,  usually  methylated  spirit,  ought  to  be  strong,  about  92  per  cent.    The 
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lioliiLion  of  the  resms  is  promoted  by  the  addition  of  onetliird  of  tbidr 
of  coarsely  powdered  glass  for  the  purpose  of  preventing  the  resinous  matter  i 
together,  atid  being  thus  to  some  extent  withdrawn  from  the  solvent   ^iam  [ 
the  alcohoL     lit  order  to  render  the   coating  remaining  from   the  evap*>nitiftoj 
the   spirit   k-sa   ]»nllle,   Venice   turpentine    is   usually  added,      Sandarac 
19  obtained  by  dissolving  lo  parts  of  sandarac  and  i  of  Venice  tnrponiine  in  ] 
epint.     Shellac  varnish,  more  durable  than  the  formeTt  is  obtained  hr  dissulnni: 
I  part  of  shellac  in  3   to  5  of  spirits*     P>ench  polish  is  a  scdution  of  Bli<:lkcJ 
a  large  quantity  of  spirits,  and  when  tin's  polisli  is  to  be  applied  to  white  wood,  f 
varnish  is  bloacht^d  by  tiltration  over  aniuial  charcoal.     Copal  vanii&li^  far  sup 
to  the  foregoing,  is  made  l>y  first  melting  tlie  resin  at  as  gentle  a  heat  as  posaiUt 
80  as  t<i  prcvf nt  the  colouration  of  the  substance,  which  is  next  puh^erised,  miied 
witli  sand,  (seated  \ntli  strong  alcohol  on  a  water  bath,  and  filtered.     A 
of  turpentine  or  elemi  resin  is  added  to  render  tlie  varnish  softer.     Coloorlesa  ( 
vamiah  la  obtjiined  by  pouring  over  6  kilos,  of  previously  pulverised  and 
copal,  contained  in  a  vessel  wlucb  may  be  closed,  6  Mlos,  of  nJcoliol  at  08  pnti 
4  kilos,  of  oil  of  turpentine,  and  i  kilo,  of  ether;  the  vessel  contiii' 
having  been  closed  is  gently  heated.     The  solution  is  clarilied  by  •!> 

Ci»iuuii.»i  spirit  v«nLLiii««.       Tlicse  are  used  cliiedy  for  tlie  purpose  of  coating  instramcA 
and  other  objects  of  brass  and  coloured  metallic  alloys,  so  as  to  prevent  the  1 
of  the  atmosphere.     Suck   varnishes    are  used    for   imparting  a  gold-<?ol< 
base  metals ;  for  this  purpose  alcoholic  tinctures  of  gummi-gutta  and  dmgoo*B  \ 
or  fuehsin,  picric  acid,  ^Martina  yellow,  and  conUlin,  are  siparately  prepaid  | 
added,  in  quantities  found  by  trial,  to  a  varnish  consisting  of  a  parts  of  aeod  lie^i 
sandf irac,  4  of  elemi,  and  40  of  alcohol, 

Taf^nUno  ou  VAmL»)iM.       Thcsc  are  prepared  in  the  same  manner  as  tlio 
They  dry  more  slowly,  but  are  less  brittle  and  more  durable.     Common  tn 
oil  varnish  is  obtiiined  by  dissolving  ordinary  resin  in  oil  of  turpentine ;  but  ( 
vamiiib  is  liable  to  crack.     Copal  is  either  dissolved  in  oil  of  turpentine,  wit] 
after  having  be«n  rauUed ;  in  the  latter  case  tlie  varnish  being  cob>iired.     When  i 
njidted  copal  is  used  it  is  broken  into  small  lumps,  and  is  suspended  in  a  stout  cicty 
bag  over  the  surface  of  the  oil  of  turpentine  contaiued  in  a  glass  flask  and  plaocdj 
a  sand  batJi,  tlie  vapours  arising  from  the  oil  of  turpentine  gnulually  dissoltingf 
copal.     Dammar  gum  resin  varnish  made  with  oil   of  turpt-ntine   is  prepar<*dj 
drying  the  resin  at  a  gentle  heat  and  dissolving  it  in  three  to  four  times  its  wc 
oil  of  tupentine.      This  vamiah,  though  colourless,  is  not  very   durabk« 
turpentine  oil  vaniish  is  prt'pnred  by  dihStdving  sandarac  or  mastic  in  con6 
caustic  potAsh  solution,  diluting  witli  water,  and  precipitating  witli  acelato  of  < 
the  dried  precipitate  being  dissolved  in  oil  of  tnrpentine, 

Poiiihing  tii«  i>ri»4  VftnTioi.       In  order  to  inoreafic  the  gloss  of  viirni^hed  Furfa^ea,  1 
on  mctalUo  objects  mid  coaches,  cnrriaiarfs  nnd  woodwork  ■"'    Um  .  +  -  - 
hallj^,  Ae,,  the  riiy  surface i»  first  nibbed  over  with  soft  (elt,  oti 
powder  in  biiU»  and  ia  next  polished  with  vtry  soft  woollen  r 
rotteofttono  is  placed,  the  oil  beiag  nibbt^d  off  with  stare  h-powdir.     lii 
soltttiouR  of  euliodion  (fnlmiuAtiu^  eottcMi  in  alcohol  and  ether)  and  mII 

glass  are  flometime^  u^ed;  while  Puscber  recommends  A  solution  of  stt*  Ud*:  in  j 
largely  used  by  hmtti^rs. 

r  t       In  order  to  remove  the  eracsks  often  observed  in  old  ^HnrSv^ 

Pettenkofer  haa  iiu^geftted  exposTSre  to  the  Yatuttir  of  alcobfU  1 
V*  nre  of  the  air,  the  picture  being  plao^d  in  an  air-ti^ht  box.  ai  th«b 

of  wLkIi  1^  u  tfny  containing  alcohol.    This  method  has  been  irwdt  bisl  not  c/v^l 


CEMENT, 


491 


lied  in  miuiy  cuses,  but  mmo  pictures  hare  been  actn&IIj  epoiled.  Aeeonting  to 
K  G.  J.  MuJtlex's  researtiheft,  tho  only  effective  prt'serviitive  of  pictures  is  corupJete 
losiun  of  air.  He  euggowtt;  thut  picturt^s  should  bo  vfvill  vftriiibhcil  on  the  painted  Hid© 
[  as  on  the  baok,  and  next  btrnietieitlly  covered  witb  WfU-titting  shei'ts  of  pulisbed 
[  the  frout,  and  some  ttiilistimce  tm  the  back  imporra^iible  to  air.  Tbe  n.*id  cnuse' 
I  nltimtito  destruction  of  pictuit??*  tts  weU  ah  of  puint  i^  tbc^  grrit^linLl  but  coiitimunis, 
ret  slow,  oxitlutiunof  the  linoxint?,  resulting  in  the  crumblijig  to  ptiwdtrot  the  pnlvLTuJeiit 
iDtttter^ — pi;j;iueiits,  uBfd  fts  eolotus.  It  may  not  here  be  out  of  ]iiluce  to  «t<ite  that  out?  of 
the  best  BolveutH  of  liuoxint;  i  dried  paint)  is  a  mixtun^  of  nlcohul  and  chloroform,  which 
UiAj  be  ftdTaDtja^'cuusly  used  to  remove  btaiuii  oi  puint,  and  nh^o  of  waggon  oud  carriage 
gresse  from,  bilk  and  wooUen  tissues. 


CEME>fT8,  Lutes,  and  Potty. 

In  ft  general  sens43  we  understand  by  cement,  substimces  or  mixtures 

»  when  pbiccd  in  a  paaty  state  betwt?en  the  8ur{ia«ce§  of  bodii^s  in  cLjse  oontar^t, 

se  them  to  adhere  solidly  tifttT  tlie  drying  or  solidification  of  the  pasty  material. 

ording  to  this  detinition,  ghieund  paste  nre  eements,  but  solder  is  not.     As  a 

iTcrsallj  applicable  cement  cannot  be  met  with,  it  is  clear  Uiai  as  regards  any 

cific  cement  it  8hf>uld  coriijdetcdy  answer  the  purpose  for  which  it  is  employed. 

!  substances  used  for  ctint>iit  are  very  various,  and  are  of  course   adaptt^ii  to  the 

'  objects  they  are  intended  to  unit^-v     There  are  nuQiberleiris  receipts  for  the 

tton  of  cements,  whiidi  may  be  best  clas.si&ed  by  stnting  the  name  of  the  most 

Eitial constituent.     Tlius  we  have: — i.  Lime  cements.     2,  Oil  cements.     3.  Resin 

sidphur  cement.     4.  Iron  cements.     5.  Starch,  or  paste.     6.  Cements  of  less 

eqnence,  as.  for  instance,  waJer-glaas  cement,  cldoride  of  zinc  cement,  &e, 

Slaked-lime  fonns  with  casein,  white  of  eggs,  gumarabic,  and  glue, 

which  after  some  lime  become  very  soUd,  and  are  u^ed  to  unite  wood^ 

tie,  nietuj,  glass,  porcelain.  (Sio. 

[Casvin  eemeni  may  be  made  in  various  ways,  but  is  most  usually  prepared  by 

ttg  freshly -precipitated  casein^  obtained  by  acidifying  milk,  previously  freed  from 

liey  and  separately  reduced  to  powder,  witli  fresldy  slaked  lime.    As  tliia  mass 

lens  vtry  rapidly,  it  should  be  used  imiuediately,  and  not  prepared  iu  larger 

itity  than  may  be  reiiuired.     Gastrin  dissolved  in  bicarbonate  of  potash  or  soda 

lution,  and  gently  evaporated  to  a  tliick  consistency,  also  yieUls  a  good  cement. 

^&olntion  of  csutein  iu  a  couctntrated  aqueous  solution  of  borax  made  with  c<dd 

er  yields  a  clear  tluck  solution,  lAliich,  as  regards  adliesive  property,  far  sm-pasaes 

alntion  of  gum-arabic.     A  solution  of  casein  in  silicate  of  soda  or  potash  is  an 

ellent  cement  for  glass  and  porcelain.     When  stone,  metal,  wood,  &c.,  are  to  be 

^ttfd.  or  when  tlie  cement  is  to  be  used  for  fiilinj^'  up  small  cavities,  there  is  usually 

l#d  to  the  mixture  of  casein  and  lime  a  powder  made  of  i  kilo,  of  fresh  casein, 

0.  of  quick-lime,  and  3  kilos,  of  hydraulic  mortar  or  lime.     According  to  Hannou 

Jy  decayed   and  liquefied  gluten  yields   with  lime  a  cement  similar   to  tliat 

ded  from  easein. 

Thi!  main  and  essential  constituent  of  these  cements  is  a  drying  oil  in 
fliApe  of  an  oil  varnish  (boUed  linseed  oil).     Most  of  these  cements  resist  tho 
ion  of  water, 

3oil«d  linseed  oil  and  fat  copal  varnish  may  be  used  as  cements  to  unite  glass  and 
reelnin,  but  are  seldom  so  employed  on  account  of  requiring  some  weeks  to  become 
jgyy.     Mixed  Willi  white-lead,  htiiarge,  or  minium  (red  lead),  the  cement  dries  more 
Quickly,  but  does  not  become  quite  hard  until  after  some  weeks.     When  a  larger 
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qtiantity  of  this  cement;,  or  rather  piittj,  is  reqtiired,  it  is  frequently  mftde  of 
linseed  oil  with,  a  mixture  of  lo  per  cent  of  litharge  and  go  per  cent  of  either  Wttib«^ 
chalk  or  slaked  hme.  Zinc-white  is  sometimes  used  instead  of  Hthari^,  Xhi^  patir 
'ia  frequently  warmed  before  use  in  order  to  render  it  softer ;  it  is  uaed  for  tuutanf 
stone,  brick,  &c.  A  mixture  of  2  parts  of  litharge,  i  of  slaked  lime,  and  r  otdrjwani 
made  into  a  uniform  paste  mth  hot  and  k>jltHi  linseed  oil,  lias  been  used  by  Stepii< 
aa  a  putty  to  he  placed  into  the  sockets  of  steam -pipes.  By  precipi' 
solution  of  aoda-so»p  with  alum  sohiti^m  an  alumina  soap  insoluble  in  wai 
obta^ined,  which,  having  been  dissolved  in  warm  linseed  oil  varnish,  yields,  acofirdiDi 
to  Varrentrap,  an  exceUent  cement  for  uniting  stone.  Glaziers'  putty  is  a  mixtttns  at 
chalk  and  boiled  linseed  oil,  well  beaten  up  together.  When  tliis  putty  is  mode  with 
raw  linseed  oil  it  hardens  very  slowly  ;  prepared  with  boiled  Unseed  oil  it  «"iyj 
kept  soft  for  a  considerahlo  time  by  eitJier  being  placed  under  wat^r»  or  h 
bladders  liltc  lard,  or  tied  up  in  canvas  bags  previously  soaked  with  oil,  Acai 
to  Hirzel,  a  mixture  of  htharge  and  glycerine  forms  an  excellent  cement  and 
hardcmng  lute,  which,  aooording  to  Pollack,  may  even  be  used  to  unite  irotuaiid 
as  well  as  iron  and  stone. 

RMib  comonu.       Oements  made  ^-ith  resin  as  the  main  constituent  are  often 
because,  on  becoming  cold,  tliey  harden  at  once  and  possess  the  property  of 
waterproof;  on  the  other  hand,  these  resin  cements  will  not  endure  a,  high 
tnre  without  becoming  soft,  and  by  exposure  to  air  and  sunlight  they 
brittle  as  to  be  eiisily  pulverised. 

As  A  cement  fur  glass  and  porcj^lain«  sandarac  and  masUo  axe  someUnuQ 
because  tlicse  resins  arc  readily  fusible  and  are  colourless.     They  are  iipplted  lo 
surfaces  to  bo  united  in  the  form  of  a  powder  put  on  with  a  small  hnir-hrush, 
which  llie  object  itj  heated  so  as  to  melt  the  resius»  the  pieces  to  be  joint'd 
pressed  together.     As  far  back  as  the  year  18 28,  Lampadius  suggested  as  an 
lent  cement   a  solution  of  i  part  of   amber  in  1*5  part^  of  sulphide  of 
When  this  solution  is  painted    over    the  surfaces  to    be  united  and  imine^ 
pressed  together,  tbc  joint  is  at  once  effected  owing  to  the  rapid  evaporation  d 
sulpliide  of  carbon.     A  solution  of  mastic  in  sulphide  of  carbon  mB.y  he  si: 
used.     Shellac  alone  does  not  form  a  good  cement,  being  too  brittle  when  cold, 
contracting  too  mucli  after  having  been  melted ;  the  addition  of  some  Venice  tui 
tine  and  earthy  powders  (see  Sealing-wax)  compensates  these  defects.     \Vhil« 
cannot  be  joined  togetlier  v^ith  shellac,  it  is  firmly  and  readily  glued  by  coating 
pieces  to  be  joined  \nth  tliiek  shellac-varnish,  and  then  placing  between  the 
pieces  a  slip  of  muslin.     Heains  are  frequently  used  for  liJiing  water- cisterns,  and 
rendering  terraces,  &c.,  waterproof.     Pitch,  colopbonium,  n^phalte,  miiLed  witli 
sulphur,  or  turpentine,  are  used  for  this  purpose,  the  object  of  Uie  varions  additi( 
being  to  obtain  a  greater  or  less  degree  of  harthtesa,      Jeifery's  marine   ploe 
prepared  by  dissolving  caoutchouc  in  twelve  times  its  weight  of  coal-tar  naphtha 
adding  twice  the  w^eight  of  either  asphalte  or  shellac.     The  mixture  ia  gently 
to  render  it  uniform.      There  is  a  solid  and  a  Uuid  marine  glue  in  the  trade; 
fonner  is  used  for  glueing  wood  and  for  caulking.  Iho  lutter,  obtained  simply  by 
use  of  a  larger  quantity  of  solvent,  is  used  as  a  varnish  ;  bt»tli  kinds  are  insoluble 
water,  arc  not  acted  upon  by  change  of  temperature,  and  do  not  become  brittle 
the  name  of  zciodelite  is  understood  a  mixture  consisting  of  19  parta  of  anlpbtir 
42  of  powdered  glass  or  earthenware ;    this  mixture  having  been  lt«alod  ta 
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sneliing-point  ot  sulphur,  maybe  nsed,  instead  of  hydraulic  cement,  for  uniting  stones 
mnd  bricks.     R.  Bottger  prepares  this  cement  by  mixing  with  molten  sulphur  an 
equal  weight  of  infusoria  earth  to  which  some  graphite  is  added.    Under  the  name  . 
of  diatite  Merrick  prepares  a  mixture  of  shellac  aud  finely  divided  silica. 

ina  KkmuA,  Among  the  very  many  recipes  given  for  the  preparation  of  this  cement, 
used  lor  luting  the  sockets  and  spigots  or  flauges  of  cast-iron  pipes,  and  for  caulking 
the  seams  of  the  plates  of  steam-boilers,  we  quote  the  following  as  one  of  the  best  :^- 
A  mixture  of  2  parts  of  sal-ammoniac,  i  of  sulphur,  and  60  of  finely-pulverised  cast- 
iroa  borings  or  filings.  When  required  for  use,  this  mixture  is  made  into  a  paste 
with  water,  to  which  some  vinegar  or  dilute  sulphuric  acid  is  added.  The  parts  to 
be  joined  by  this  cement  should  be  free  from  fat,  oil,  or  rust.  The  cement  is  forced 
in  with  the  cauUdng-chisel  and  soon  becomes  very  hard.  A  lute  for  small  leaks  in 
inm  and  fire-clay  gas-retorts  can  be  made  with  4  parts  of  iron-filings,  2  of  clay,  and 
X  of  pulverised  porcelain  saggers.  This  mixture  is  made  into  a  paste  with  a  solution 
of  common  salt 

VMta.  The  material  used  by  bookbinders,  and,  in  fact,  wherever  paper  is  to  be 
^ned  to  paper,  is  obtained  by  boiling  flour  with  water  or  by  treating  starch  with  hot 
water. 

Starch  paste  is  best  made  by  rubbing  the  dry  starch  up  with  cold  water,  so  as  to 
lunn  a  uniform  magma,  to  which,  while  being  constantly  stirred,  boiling  water  is 
Tetj  rapidly  added ;  this  paste  should  not  be  boiled  if  required  for  cementing  paper 
together.  Kye-meal  boiled  with  water  yields  an  excellent  paste,  which  may  be 
improved  by  the  addition  of  some  glue  solution  and  preserved  by  alum.  Partly 
decayed  and  liquefied  gluten  forms  an  excellent  paste.  Starch-paste  to  which,  while 
hot,  half  its  weight  of  turpentine  is  added  is  greatly  improved  and  rendered  water- 
proof by  the  addition. 
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Woollen  Isdubtry, 

Origm  ud  PmpottiM  «c  wo«L  WooI  IS  distiDgulsbed  froTu  hair  chicfl}^  by  the  tliree  : 
lowing  properties : — wool  i>*  finer ;  is  not  straight,  but  ctirled ;  while  it  gentfil 
coiitaina  less  pigraeat,  und  hence  h  white  in  colour.  The  quality  of  wool  iocrets 
with  the  incrense  of  iUe&e  three  characteristics.  Wool,  like  hair»  exhibits  an  orgaaiil 
structure,  consisting  histoltJjiicAllj  of  an  epitlielium»  of  a  rind  and  of  a  pith  or  mantis 
The  epitlieUum  of  wool  eonaibts  of  amaU  thin  plates  which  overlap  each  other  111 

FiQ.  251,  Fio.  252. 


the  tiles  on  a  roof ;  inthia  raimner  the  cnticnlar  plates  give  to  the  surface  a 
appearance,  which   may  bo  coarsely  represented   as  tlie   ftfjtearaiice  e\)ii 
a  fir-cone.     Fig.  251  exhibits  a  piece  of  wool  of  an  ordhinry  sheep;  wiiiU  > 
magnified  lo  the  same  number  of  diameters,  exhibils  a  piece   ctf  the  veiy  iii»« 
Sftatony  wool,    thus   showing  the  great  difference  of  tinenesa  of   these  iwo  '^'^ 


irooi. 
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The  grooves  on  tlie  surface  of  iJie  wool  are  tlie  cause  of  its  raxvncss  to  tlie 
tod  from  the  existence  of  these  grooves  wool  admits  of  being  felted.  When 
►e  which  exhibits  this  texture  is  pressed  topfether  witli  a  kiml  of  kneading 
[,  while  tho  tibre  is  nt  the  same  time  sufteaed  by  the  action  of  ^tetini,  the  result 
i  the  fibres  are  joined  to  each  other  in  the  direction  of  the  scales  on  their 
I  ftnd»  becomiug  entaoirled,  form  a  firm,  dense  texture,  which  is  termed  felt, 
kobtain  w*ool  cliiefl)'  from  sheep ;  tlie  quality  of  the  wool  very  much  depend  a 
Ike  peculiur  breed,  the  climate^  fodder,  and  care  tiUcen  of  ttie  animals.  We 
piish  two  chief  breeds  of  sheep^viz. : — i.  The  mountain  slierp,  having  short, 
kd  more  or  less  curly  wool.  2.  The  sheep  of  the  louhnid^,  biivin;;  course, 
long,  hair-like  wool.  To  the  first  breed  of  sheep  belongs  the  siheeji  met  ^^tk  in 
briar  flnd  more  elevated  parts  of  Gennauy,  also  the  Spanish  merino  sheep»  of 
^  tliere  are  several  varieties,  the  most  remarkable  being  the  infantnilo  and 
btl  races.  By  the  latter  is  understood  tlie  variety  which  in  1765  was  imp<>rted 
kxony,  being  nnulu  a  present  to  tiie  Elector,  and  was  the  cause  of  the  exist- 
that  country  of  a  breed  of  sheep  yielding  exceOent  wool.  Till  comparatively 
ly  the  exptnliitioTi  f)f  the  living  merino  sheep  from  Spain  was  prohibited  under 
capital  punishioeut.  The  variety  of  sheep  designated  Eseurial  is  not 
race  or  breed,  but  an  electoral  sheep  with  finer  and  fuller  fleece.  Sheep, 
its,  are  undoubtedly  animals  preferring  a  mountain  plateau,  and  are  very  een- 
to  ft  damp  or  moist  soil.  There  are  many  varieties  of  ibe  lowland  sheep, 
tliein  the  heath  sheep  ilowhmds  of  Germany)  ;  tlie  so-called  Crelim  goat 
ie$  it(r^fmrenni)  of  Southern  Europe  and  W*jBiern  Asia  ;  tht^  various  breeds  of 
111  sheep,  Southdown,  Leicester,  Cotswold,  Lincoln,  ^c.^  and  tlie  Scottuii 
les,  Shetland  and  Hebrides. 

Imrieties  of  wool  obtained  from  other  animals  than  sheep  are  : — 
p«limer«»  wool ;  the  line  downy  huir  of  the  Cashmere  gouts  inhabitlug  the  eastern 
iof  the  Himalaya.  14,000  to  18,000  fet^t  iibc>ve  sea  leveL     Th«;  colour  is  wliite-grey 
nm.    In  the  state  iu  which  it  is  sent  to  Europe  it  is  largely  mixed  with  coarse  hair, 
B  100  kilos,  of  the  raw  material  yield  after  sorting  luid  deanbing  only  20  kilos,  of 

The  Vicuna  wool  \  the  very  Bligbtly  curly  hair  of  the  Llama  or  Vicuna  goat 
\eniu  Vicuna  it  a  native  of  the  high  mountains  of  Peru,  CbiH.  and  ^Kxico,  This  kind 
plf  or  rather  wotdly  hair,  was  formerly  more  so  than  now  employed  tor  wea%  nig  fine 
■.  Sometime8  there  is  flabstittited  for  this  wool  a  miatture  of  ortUiiiirj'  wool  ami  the 
r  bair  of  hares  und  rabbits*  Wlint  is  now  termed  Viguna  or  Vicuna  wool  in 
luie  is  a  tieiKue  made  of  a  mixture  of  wool  nnd  cotton. 

^paca  wool,  cir  ]>acos  hairj  the  long,  sleek,  white,  blacky  or  brown  hair  of  the 
(la  or  Alpitco  jPako),  a  kind  of  goat  which  dwells  in  Peru.  This  kind  of  woolly  hair 
^eiit  Rimihirity  with  the  Vicuna  wool,  but  is  not  quite  m  fine.* 

Iftohair,  or  tjo-called  camel'fl  wool ;  the  long,  slightly  curly,  bilky  hair  of  the  Angortt 
papTii  ttfuiorrn*U),  a  native  of  Asia  Minor,  This  substance  i»  hpun  and  woven  into 
Uled  ti»^ues  (eimilet  or  plu&h),  and  ib  ako  mixed  up  with  the  hulf-ailk  tisstiei 
*  "   it  forma  tbe  woof  or  weft, 

jcotoponiuaijof  ww>i.      Purified  and  cleansed  wool  consists  chietly  of  an  albtimi- 

Blphur-confjiioio;];  subatanee  termed  keratin  Ihoray  matter),  but,  as  met  with  on 

oala,  wool  contains  much  dirt,  dust,  and  suint.     The  labours  of  Faist,  Reich, 

bill,  llarlmann.  Marcher,  and  K.  Schulze  have  greatly  increased  our  know* 

I  of  tills  substance. 

be  microicopical  texture  and  properties  of  this  kind  of  hair  have  been  investigiited 
fe  describeil  in  Wiesuer^s  work,  "  Eiuleitmig  in  die  Technische  Mikroskopie.'* 
a,  I  £$67,  p.  172  (t  i€q. 
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The  foUowiog  results  are  those  ohtamed  hy  Faist  when  analjsing  variooi  kmdt  tf 
merino  wool : — 


a. 

b/ 

e. 

d. 

e. 

f' 

Mineral  matter 

63 

i6-8 

094 

13 

10 

It 

Saint  and  fatty  matter 

44*3 

447 

2100 

40*0 

27*0 

X6-6 

Pare  wool 

380 

a8-5 

72*00 

560 

648 

7T7 

Moisture    

11*4 

70 

606 

27 

7a 

3-5 

1000         lOO'O  lOO'OO        1000        lOO'O        ZOO'O 

Percentage  of  pure  air- 
dry  wool 49'4         35*5  7806        587        720        8^* 

I.  Raw  wool,  air-dried. — a.  Hohenheim  wool,  with  a  small  quantity  of  readily 
Buint.    b.  Hohonlieim  wool  (the  name  of  a  large  agricultural  establishment  and  1 , 
mical  school  near  Stuttgardt,  Wurtemburg),  containing  a  large  quantity  of  glntinons 
2.  Washed  woul,  air-dry.* — c.  Hohenheim  wool.    d.  Same  variety,  with  difficultly 
suint.    e.  Hungarian  wool,  yery  soft.    /.  Wurtemburg  wool,  less  soft. 


While  making  researches  on  wool,  Eisner  of  Gronow  estimated  the  loss 
wool  experiences  when  treated  with  sulphide  of  carbon,  for  the  filiniinatifln  if 
the  suint.    The  results  were : — 

Washed  merino  wool     15  to  70  per  cent. 

Unwashed  wool  (Uune  en  suinUmw  wool)  ...    50  to  80         „ 
Long  carded  wool —    18  ,, 

Suint  is  a  mixture  of  secreted  and  accidental  substances,  dust,  &c.  When  nv 
wool  is  macerated  fur  some  time  in  warm  water,  there  results  a  turbid  liquid  whidi 
contains  suspended  as  well  as  dissolved  matters.  The  dry  substance  of  the  aqoeoii 
extract  of  suiiit  consists,  according  to  Marcker  and  Schulze  ^1869),  of: — 

I.  2.                  3.                   4. 

Organic  matter  ...            58*92  6i'86            5912            6o'47 

Mineral  matter  ...            41 08  38' 14            40*88            39*53 

z  and  2  relates  to  wool  of  mountain  sheep.  3  and  4  to  full-bred  Bambouillet  ihesp. 

The  soluble  portion  contains  tlie  potash  salt  of  a  fatty  acid  {siiintate  de  potast^. 
The  fatty  acids  contained  in  suint  are,  according  to  Reich  and  Ulbricht,  mixtures  of 
oleic  and  stearic  acids,  probably  also  palmitinic  acid  and  a  small  quantity  of 
valerianic  acid,  with  potash  in  such  quantity,  that  more  recently  this  material  hai 
been  employed  to  obtain  therefrom  carbonate  of  potash  and  cliloride  of  potaasiiim 
100  kilos,  of  raw  wool  may  yield  from  7  to  9  kilos,  of  potash  (See  p.  13a; 
Potash  from  suint  consists,  according  to  Marcker  and  Schulze,  of: — 

Carbonate  of  potash    86*78 

Chloride  of  potassium         6x8 

Sulphate  of  potash       2*83 

Silica,  alumina,  lime,  magnesia,  oxide  of  iron, 

pliosphoric  acid,  &c 4*21 


*  Washed  on  the  Bbecp  while  alive,  an  operation  performed  by  the  farmers,  and  to  be 
distinguished  from  the  washing  wool  undergoes  during  manufacture. 
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^P»  HftTrez  (1870)  states  that  it  is  more  advantageous  to  extract  chloride  of  potaa- 
and  prepare    ferrocyanide   of    potassium    from  suint   than  to  eraploy  it  in 
k'eparing  carbonate  of  pota,sh.      Suint  is  a  valuable  material  in  gas  manufacture 
the  potash  salts  maj  afterwarda  be  extracted  from  tlie  coke, 

.at  wooL  The  value  and  applicability  of  wool  for  the  purposes  of  bcing^  spun 
[  woven  depend  upon  a  number  of  properties,  of  which  the  following  are  the  most 
at. 
tamA  QVm.  Wool  is  generally  white,  but  that  of  some  of  the  common  kindg 
'  sheep  and  also  of  the  alpaca  and  mohair  are  either  brown,  grey,  or  black. 
glosa  of  some  varieties  of  wool  is  a  highly  prized  property.  The  gloas  is  not 
cUj  related  to  the  iiuene^s  of  tlie  wooh  but  more  to  the  softness  and  suppleuess  of 
fibre,  which  ou  being  touched  by  the  liand  imparts  a  feeling  similiLr  to  tlmt 
I  <;atton-wool  or  silk.  The  curl  or  waviness  of  the  wool  is  due  to  the  fiict  that  the 
or  fibre  is  bent  and  more  or  less  curved.  When  there  are  many  and  small 
the  wool  is  termed  small  curled»  while  if  tlie  curves  are  large  it  is  termed 
curled.  There  is  alao  a  difference  between  wool  which  exliibita  high 
I  (strongly  waved  and  curled j  and  wool  exliibiting  low  curves  (weakly  waved 
L  curled).  The  fineness  of  wool  depends  upon  the  smallness  of  diameter  of  the 
generally  the  finer  the  fibre  the  better  the  wool  is  suited  for  the  uses 
nonly  xnade  of  it.  There  are»  however,  some  varieties  of  wool  met  with  which, 
pugh  very  fine,  are  rather  tough  and  straight,  aud  therefore  less  suited  for  manu- 
iuring  purposes.  It  should  be  observed  that  the  diameter  of  tlie  woollen 
not  constantly  vary  with  the  fineness;  while  neither  the  wool-meter 
n^teri  nor  the  micrometer  can  sufficiently  determine  tlie  fintness  of  tlie  wool  for 
tical  purposes,  that  propertj*  being  best  estimated  by  practical  experience  by  the 
of  touch,  ^\liat  is  termed  quafity  or  uni/onnity  in  wool  is  tluit  tlie  libre  has 
&agh  its  entire  length  the  same  diameter.  By  s^jftnesa,  suppleness  of  the  wool, 
'  is  understood  tliat  the  fibre  readily  adnuls  of  being  bent  in  all  directions ;  this 
operly  is  usually  accompKuied  by  extensibility  and  elasticity.  A  fibre  of  wool  may 
fore  be  somewhat  more  strongly  stretched  before  breaking,  after  it  has  been  first 
btened  so  as  to  remove  the  curls.  The  elasticity  of  tlie  fibre  is  shown,  when  a 
is  broken,  by  the  two  ends  becoming  more  or  less  rapidly  contracted  and  curled 
By  strength  we  mean  that  property  of  wool  whereby  it  bears  without  breaking 
jBcrtain  weight,  wliich,  according  to  the  quality  and  fineness  of  Uie  fibre,  vjiries  from 
to  44  grms.  By  heiglit  is  understood  the  length  of  tlie  curled  hair  in  its 
position ;  while  by  length  we  designate  the  measure  (in  centimetres)  of 
J«iiigle  fibre  when  so  8tret«)hed  that  its  curb  are  no  longer  perceptible.  The  length 
;  the  fibre  is  of  great  importance  in  the  selection  of  wool,  and  ronstitntes  one  of  the 
kin  distinctions  between  earded  wool  aud  short  wtx)h  The  teasled  wool  is 
more  especially  for  the  weaving  of  cloths-milled  or  fulled  cloth.  Generally 
i  kind  of  wool  is  strongly  curled,  and  the  length  of  the  stretched  hair  is  less  than 
15  centims.  The  combed  wool  dong  wool)  is  used  for  smootli  woollen  tissues  which 
require  a  middling  length.  9  to  12  centims.,  some  strength,  and  not  too  much  curl, 

pi«pu«ti«B  of  Wool.       Before  wool  is  a  marketable  article  it  has  to  be  washed,  shaved 
or  sheared  off,  and  sorted, 

I.  Just  before  shearing  the  wool  is  washed — or  as  the  term  more  usually  runs,  th« 
ep  are  washed — for  the  purpose  of  clean**ing  tlie  fleece  and  of  eUminating  a  por- 
tlie  Boiot.    By  tliis  washing  wool  loses  from  20  to  70  per  cent  in  weight. 
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n.  The  Shearinff  of  the  She^. — UsnaDy  in  our  climate  sheep  are  Rboni  only  i 
ii-year,  about  the  middle  of  ^lay  or  beginning  of  Jime,  but  with  lotig-wooUml  ftofi  ' 
this  opemiiuii  is  purfornied  in  September  (summer  wooll,  and  about  the  end  of ! 
(winter  wool  J.     Lambs  wool  is  distinguished  by  its  great  fineness.      Bewdee  1 
wool  shoni  from  the  live  sheep  we  distinij^tiish  skinTier's  wool,  from  iJie  skins  df « 
slaughtered  for  food,  urid  pelt  wool  from  shct*p  which  have  dt<*d  from  ttiseiise ;  ' 
tlie  foiToer  kind  ia  jshorlur  than  ordinary  wool^  tlie  lutter  is  dtificient  in  strength  I 
elftslicity,  ftnd  is  therefore  of  Icbs  value, 

III.  Sortiftij  ih(f  IVooL — The  d iff enuit  parts  of  tlie  slrin  of  the  sheep  yield  wool  of  ^ 
dil^eront  fjutUity  ;  among  the  parts  which  yield  bettei  kiiidi*  of  wool  are  the  shonldeTi, 
the  flanks,  and  the  thighs.  The  wool  of  the  following  parts  is  of  inferior  q^wditr, 
viz.,  neck,  withers,  back,  throat,  breast,  feet.  The  peculiar  mode  of  sortings 
and  the  denominations  given  to  the  several  varieties  differ  in  tlLfferent  conn 
generally  the  tt'rms  tints,  ^troudx,  thirda,  &o.,  are  employed,  "Wliile  the  fin«.*fic»  rf 
the  wo<j1  i&  the  main  clmraeter  which  distinguishes  the  vkHous  kinds,  the  BorieTilj* 
looks  to  the  length,  curl,  strength,  Slg.  As  met  with  in  commerce,  wool  oontiiint  i 
larger  or  smaller  quantity  of  hygroscopic  water,  varying  from  14  to  1 6  per  etmi;  nil 
even  when  wool  is  exposed  to  dry  atr  for  a  king  time,  the  water  amounts  to  7«r  10 
per  cent. 

Wool  spiunin^f.      The  operations  of  spinning  do  not  in  strictness  pertain    in  chnnSfti! 
technology,  beniime  the  material  operated  upon  is  not  chemically   tteatod,   ur 
meeh  Mil  rally  nnd<*rtjoe8  a  change  of  form.     The  machinery  employed  ia  very  cotiti 
but  has  biH.'n  broyght  to  great  perfection. 

Before  being  made  into  cloth,  the  wool,  as  is  the  ease  with  cotton,  silk,  (ihx,  and  h'^m- 
has  to  be  made  into  yarn.    Before  ibis  operation  can  bo  proceeded  with,  thv  scrt    i  ^ 
is  : — I.  Carded  for  the  purpose  of  wearing.     2.  Or  the  wool  is  combed  lor  n 
smooth  woollen  goudB.     Cftrded  wo€l  h  ultimately  made  up  into  cloth,  whU*. 
it  made  up  into  micb  materials  as  thibet,  mousseline  de  Itiiuc,  merino,  de,     Tlie  ioiiiiwi^ 
eight  opcratious  are  those  to  which  carded  wool  is  submitted  :^ 

1.  Wm^hiuij, — The  uini  of  thiH  operation  is  to  eliminate  the  Buinl  '"  ->  '^  - 
this  puifvose  the  fibre  m  sahmitted  to  the  action  of  very  weakly 
even  in  the  carbonated  stat*  should  be   wcnk,  becaupe,  when   . 
either  is  dissolved  or  its  streDgth  and   elagticity  impaired.     The  alkblLEit^  Uquiub  ciuslf^ 
n«eil  lor  thia  purpose  are  lant  (Rtale  urine)  mixe<l  with  water,  tepid  Boap-suJji^  c*r  a  tnt 
weak  iicdation  of  soda.     The  washed  wool  is  rinsed  in  plenty  of  cold  water,  wrung  fral^  9m 
then  dried  in  the  cibade.     By  exposure  to  direct  sunlight  wool  becomes  yellow*     1 00  ptfH 
of  fleece  lose  by  washing  from  17  to  40  parts,  leaving  6q  to  83  parts  of  pure  wool* 

2.  Ihjfimj. — When  this  operation  takes  jdace  immediately  after  washing^  it  f 
impart  to  it  ver^'  fixed  dyes,  sach  as  intligo,  or  madder ;  because,  as  regards 
dyea,  they^trould  be  injnred  by  the  ii|>cralion  of  milling,  in  which  soap,  hint, 
materials  are  emidnyed.     %Yool  by  being  dyed  often  increases  cousidciahly 
fiometimpR  as  nmch  a«  12  per  cent, 

3.  Willmcinft,  or  Devillinf}.— Thin  operation  aims  at  the  obtaining  of  the  flocks  of  1 
a  more  uniform  ma&H,  while  at  the  game  time  mecliimical  iupuritieB,  straw* 
removed.    The  machinery  by  which  this  is  effected  ia  similar  to  that  used  for  tlie  I 
purpose  for  cotton. 

4.  Oilini}  or  Greminff, — As  woo!  has  a  great  tendency  to  become  felted,  atid  has  iul 
submitted  to  the  operation  of  canling,  it  might  in  this  process  l>eGome  bruk^en ;  and  A 
order  to  prevent  thi^  and  give  the  tibre,  which  has  become  harsh,  ^appleneas,  it  is  grtwal 
or  mixed  with  oil.  For  th©  finer  kinds  of  woo!,  olive  oil  or  arachis  oil  is  Uifed.  whili  tit 
coarser  kiiuU  rape-st'ed  and  fish  oil  are  employed,  Oleio  ti-.  it  i-  t^^ittkud,  ti-u.\\v  ,^^ 
a  by-product  uf  the  uiiiuufaetnrG  of  stenriiie  candles,  i 
videditbe  nut  eontamiunted  with  either  sulphuric  or  &[• 

wurp  require  10  to  12  kilos,  of  oil|  while  100  kilos,  of  wool  for  woof  icquiia  12  ki  15! 
of  oil, 

5.  The  carding  of  wool  aims  at  the  same  result  as  the  carding  ol  cotton.  IV 
mftehiner>*  empb>yed  is  in  each  intftance  eimilar  in  conptnictinn.  Wool  is  carded  at  h^fi 
twice.     The  iLrbt  carding  is  termed  fieece-cardiag,  the  result  bt^ing  that  iba  wool  is  forftlN 
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into  A  l<v<^80  fleece,  ^hicli  is  rolled  np  on  a  eyUnder ;  tho  .second  carding  oonrarts  the  fl«ee« 
into  looae  carls  about  i  metro  or  a  yaul  io  bijgth,  which  arc*  tamed  itwr  on  to  tbo  roving 
maobiue.  ReceutJy  the  carding  miJl  h(*s  bteu  so  coufltructod  that  it  al*o  performg  the 
operation  known  m  roving- 

6.  Hovintj. — By  means  of  nuMhlnery  tTio  wi>o!  is  converted  into  irhat  is  teehnioaUj 
termed  tsttib  or  luilf-tjarn,  whicli  by  t!.e  fullimwg  operation,  viz., 

7.  By  apinuiug  is  made  int<>  yurri.  Tiie  miwliiuery,  while  working  at  a  Ligh  speed, 
Iwiftts  the  fibres  into  a  coiiUnn  >iis  thr<?iul  nr  yiiru. 

8.  The  finighed  yarn  is  w«»T]nd  un  reeU.  the  length  of  the  skeins  or  bankfi  and  the 
tiuuil>er  of  ski^iiia  to  a  hanch  varying  in  di#erent  locsalitiea.  The  tinencits  of  the  yarn  is 
abroad  dchi^ii^iited  by  the  number  of  hrtiikn  which  go  Ui  the  bdf  kilo. ;  but  in  fielginni  and 
France  the  uuniber  of  metres  of  yjiru  length  w  hioh  go  t^  the  kilo.  exprt^FHen  the  hiienoBS. 

A<t40ei4i  WcvfL  Woollen  ra^s  are  carefulJy  sorted,  and  by  mennfl  of  maehinery  ctruvorted 
iDli>  whdt  i^  termed  niiuigu  nnd  sboddy  ;  th<*  ftsriner  is  h  sht»rt-hrtirtd  wool  obtained  from 
inilleil  goods  ;  the  latter  (a  longer  hiitr)  U  prt^ared  from  woolKm  huiiii'ry.  The  nigs  having 
been  wfll  sorteti,  and  all  seams,  bnltonts,  and  oniiimentii  cut  off,  silk  and  other  linings 
•eparaied,  arc  cleansed,  again  sortod,  and  then  oiled.  The  rag*  yield  on  an  averago 
30  fer  cent  of  the  weight  i>f  buttons,  litiiuijrH,  Ac.*  and  the  70  per  cent  remftiniiig  yields 
soiTie  fire-sevenths  of  rnungo,  prej^arrd  liy  iiieuuB  of  a  mill.  Mungo  is  not  cartled;  bat 
idioddy,  made  by  a  similar  process,  is  carded  after  having  been  again  oiled. 

Wf>»TUiie  U4«  a»iiL       Cloth  is  a  fsmiKith  Wiudlen  fabric,  the  woof-yarn  pas-^inf^  alternately 

over  and  nnder  chain-yarnb.      The  pecnUiu-  felly  appearance  is  given   to  rluth  by  the 

operation  of  milling  or  fahirig.     The  operation  of  weaving  ch>th  does  not  differ  in  any  waj 

from  the  weaving  of  linen  or  cotton  fabrics ;  usually  the  chain  and  weft  yarn  are  equally  fine, 

w.*hu.ii  «t».i  M, 111  lie       "^^^^  cloth  a^  il  loaves  the  weaver's  bands  is  not  in  the  least  sinaW  to 

iiH  h-<ntu  •  I  tn       the  Ijriishtnl  fabric,  bnt  i^  very   like  a  cottr»ely  woven  towtd,  the  chain 

Hri  I  vv<>ft  bcin^^  quitt  lt'<j;»v  und  every  thread  distinctly  \'i8ihle  ;  while  tbefeltv  "  ■<  <*^'t-ot 

lb  is  entirely  absent,  tbifi  b^ing  obtained  by  the  operation  of  milling,  wi .  leti 

burliiifi?  pro<5<?^St  w^h*-ft' by  knots,  pieces  of  straw,  and  other  similar  -are 

fed  by   the  aitl  of  snmil  ftteel   forceps.     The  rough  doth  is  next   wuhhtd   lor  the 

nee  of  removing  oil,  dirt,  and  wcavrra'  glue  ;  this  washing  is  assisted  by  noft  #oapt 

I  or  p^kIa  ley,  and  is  perfijrmed  by  a  washing  machloe.     The  operation  nf  fnlHng  or 

I  aims  not  only  at  a  cleansing  of  the  rough  cloth  (it  is  not  ftlways  washed  jireviously 

niilUd),  but  more  particnlnrly  at  the  felting  together  of  the  fabric,  ao  that  the 

d  weft  can  hardly  be  dintingnished.     It  i«   pt'rformed   by  the  jtiint  action  of 

,  high  temperatnrp,  and  a  pecriliar  mechanical  trt^atment,  by  which  the  threads 

1  into  eivch  other,     A3  the  milling  also  aims  at  the  complete  removal  of  grease 

ito  which  the  fabric  is  steeped  is  rendered  alkaline  by  means  of  lant,  while 

I  '  Mvt'f  earth   [see  p.  295)   are  used  to  assist  the  action.     8' f*  ^nly 

,  eloih,  while  for  the  tiutr  kinds  pahn  tul  and  ohve  oil  sorip  ed. 

.  iLillini?  CftuMHt^  in  beating  the  rough  cloth  with  wooden  mail  .    _.  .   d  by 

chiner^' ;  recently  tl»t3  hhc  of  rylind*r».  is  very  general  for  this  jiurpose* 

jl  *i*j  8hi.4jiijg       In  order  to  give  to  the  milled  cloth  a  more  i)leaeing  appearance,  it  is 

SNiat)th.  fi|.^t  teazled  and  next  shorn,     i.  The  operation  of  teasling  aims  at  the 

ng  of  the  surface  baiiM  <jf  the  felted  cloth,  and  at  brushing  these  in  one  dir^dtion  ; 

ftlion  is  performed  by  the  use  of  teasles  or  weaver's   ihiBtle  {Dipiaciut  fuUonum) 

(jts   by  tlie   thorMH  on  the   seed  capsules.     3.  The  shearing  *if  the  clmth    is  an 

Q  by  which  the  surface  hair  is  cut  otT  to  a  nniform  length-     The  Hhejmng  is)  either 

formed  by  hand — a  very  tedious  operation,  the  cloth  tieing  stretched  muformlj  on  a 

oned  table,  the  operator  using  pecnlitirly  made  shears — or  by  cylinders,  somewhat 

~         lawn  grass-cutters  in  principle  of  working.     There  is  a  dihtinctiou  between 

",  longitndinal,  and  dit*#onal  cylinders,     a.  The  transrersal  cylinder  is  placed 

se  to  the  cloth,  the  cylinder  movimi  from  one  edge  of  the  cloth  to  the  other. 

i  the  longitudinal  nniehine  the  moving  cylinder  is  placed  acro^N  the  width  of  the 

which  is  moved  under  tlie  shearing-knives,     y.  In  thediagomil  machine  several 

g  cylinders  are  pln<^ed  diagonally  above  the  cloth.     The  wool  shorn  off  is  used  in 

b<^lKterine,  and  very  largely  for  the  purpose  of  giving  a  velvety  appearance  to  some 

r  paper-hangings. 

I  Uk*^  GottL       Before  the  cloth  is  ready  for  sole,  it  haa  to  be  submitted  to  the  three 
rations  :— Lustring,  bmshing,  and  pressing. 

tring  is  now  perfurmcd  by   stretcUing  the  cloth  very  tightly  on  a  copper 
^  surface  of  which  is  jierf orated  with  a  number  of  sniull  hokn.     The  cylinder 
in  a  steam  chent,  and   steam   having   been   ttirne^l  on,   the  clotli    obtains    a 
_.rt«iieiit  glofiB  and  is  prevented  from  becoming  rough  on  being  worn,     2.  The  brushing 
f  Lbe  doth  takes  place  before  and  after  the  shearing,  and  ia  effected  by  machinery  1  the 
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1)11181] es  being  fixed  to  cylinders,  imd  the  doth  moTed  or^  and  ttnder  ihem,  wbn«  td  tim 
same   time  mtber  a  jet    of  water  or  sometiuiet   fiteniu   ia   made  to  play  <-  li. 

5.  Finally,  the  cl  ith  i»  pre^^cd,  hiiviiig  been  tir^t  folded  ;  belweeu  eoeh  fc»Ki  a 

the  ri^^ht  side  of  tb^?  cl(»th  u  jiiece  <»f  >;br/.ed  miilWard  and  a  piece  of  eoarver  ttmUwwir  i  mo 
the  wrong  side ;  &  pkuk  in  pni  between  the  piec«^^  of  clothi,  ioiiM  aix  to  tw«U«  u(  vlunb 
are  placed  in  the  press  at  a  lime. 

otbtr  cio4h  vu^rtn.       In  addition  to  mUled  cloth  eeverjil  other  klnda  of  woollen  j 
are  mantifacttired.  which  are  cloth  like  in  some  purticnlar.      Of  tlie»e  the  foUowlBf" 
lire  the  chief : — FlanDel,  either  smooth  or  twilled*  only  slightly  milled,  onre  ImiUd 
on  the  ri[,'ht  eUU,  ami  either  not  shorn  at  ftll  or  only  once;  the  chftin  often  comustsof 
carded  wool,  but  is  aomttimea  cotton  or  silk  :  tlie  woof  is  carded  yani.     Swun-i 
is  fine  twiUed  flannel.    Cashmere  ia  finely  twilled  eloth  only  once  teiisled.  but  f 
oflen  as  clolh.     The  hair  is  short  and  covers  the  textile  yam  slightly,  bo  that  1 
twill  ia  distinctly  oeen.     Cashmere  is  often  made  with  n  cotton  cJiain, 

Frieze  is  eoareer,  stouter,  and  longer-li aired  than  cloth,  ia  strongly  fulled,  ^ 
tenKltd  and  also  less  shorn.     After  having  been  shorn,  frieze  is  simply  dr* — 
being  brushed  and  liotpressed  ;  it  ia  then  brushed  o%'er  with  a  solution  of  iragacaniB 
in  water,  next  ealendered.  and  lastly  slightly  oiled  T\-ith  olive  oil  and  ngmln  ] 
A  non-twilled  and  finer  kind  of  frieze  is  known  as  ** ladies"  mantle  frieze;*  wli 
heavier  and  short  shorn  frieze  is  called  castories.     KidrntUt  and  thick  friese  ^I 
fipieze)   consists  of  a  heavier  yam   and  is  more  strongly  milled.      Backskm 
twilled  non-teasled  trouser   muterialf  tlie  right  side  of  which    is   shorn  anil  ^d 
wnootli.     Kersey  is  a  coarse  kind  <>f  undressed   (neither  teasled  nor  sdiom)  wc 
fabric   used  for  making   cbwks   and    overcoats   for  military  mea,  sailors,   riil«i 
officials,  &c.     The  coarser  kinds  of  railway  rugs  and  horse-cloths  are  of  a 
material.    Biper-makers'  felt   is  a  coarse,    twilled,  loosely  woven*  lightly,  milbd 
matejial,  neither  teasled  nor  shorn,  used  for  the  purpose  of  being  placed  between  I 
wet  sheets  of  paper.     Ftdted  clothi  a  fabric  firi^t  made  some  twenty  years  ago  witl 
spinning  and  weaving  at  all,  has  not  been  found  suitable,  and  is  tlierefore  nowj 
ever  seen,     \VtK»l  intended  for  felting  purposes  ia  first  cleansed,  freed  fro 
next  carded  and  converted  into  a  uniformly  thick  layer  similar  to  cotton-wool<  1 
then  felted. 

Wont*a  Wi*i.       It  has  been  already  stated  that  long  haired  or  combed  wool  is  1 
material  used  for  the  jinqjose   of  preparing  worsted-yam — a  smooth   Uireod.  I 
longitudinal  fibres  of  which  are  placed  parallel  to  each  other — this  yam  serviitg  I 
purpose  of  weaving  such  fabrics  as  tltibet,  merino^  Orleans,  Ac.     Tber^  ia  a  < 
lion  between  genuine  combed  wool  or  worsted,  and  half-wftrsted  or  8«yette-jvi^ 
which  is  the  link^  as  it  were,  between  coniWd  and  earded  wool,  and  is  used  for  1 
purposes  of  knitting  stockings,  in  carpet-nniking,  lierhn-wool  work,   &c, 
half- worsted  is  always  spun  from  long-haired  wooL  the  librc  ia  not  in  this  in 
combed*  but  carded  by  a  pecuhajrly  constructed  milL     Combed  yarn   or   wa 
consists  either  entirely  of  wool,  or  is  a  thread  of  wool  mixed   with   mohair 
alpaca,  or  of  wool  and  cotton,  or  of  \^'ool  and  silk,  such  yams  being  termed 
yams. 

The  manufacture  of  smootli  worjllen  fabrics  is,  as  fur  as  weaving  and  the  me 
operations  are  concerned,  similar  to  tlie  weaving  and  mode  of  manufHCtoritig  oflrtf 
textile  fabrics.  Some  of  the  smoodi- surfaced  woollen  fabrics  are  fmi^ed  irhia 
woven  :  others  require  a  dressing  which  depends  upon  the  taste  of  the 
and   tipon  the  peculiar  requirements  of  the   trade.      The  foOowing  e&t;me 
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f  tlie  amooth-siirfaced  woollen  fabrics,  of  which  there  is  an  almost  eudlefis  variety, 
ay  give  some  idea  of  the  various  kinds  of  goods  belonging  to  tins  category. 

f  A.  Smooth  Fttbri^. — Barracan  uised  to  be  formerly  woven  from  camore  huir»  but  is  now 

&Ten  from  combed  wool ;  it  is  termed  moired  when  it  ia  watered.     Orleans  coneiista  of  a 

sted  cotton  thread  chain  and  a  bitin^le  woollen  weft ;  ihti  fabric  having  been  woven  ia 

ged.  wa«hedi  dried,  shorn,  and  bot-pre^sed.     Camlet  alao  was  formerlj  made  from 

oel's  bftir,  and  consists  of  coujhed  woollen  chain  and  weft,    Dresa  crape  is  a  fabric 

de  of  a  strongly  twisted  worsted  yamcbain  and  more  loosely  woven  weft ;  when  the 

oth  is  woven  it  ia  dyed  black  or  prey,  next  wound  round  a  cylbider,  and  boiled  in  water 

Tji  order  to  ekrink  it.     Bolting  cloth  in  uiadf  of  a  struugly  twisted  yarn,   and  employed  for 

the  purpose  of  making  lluur-f  ieveti.     MoiiMiieline  de  loine,  t'baly,,  ia  a  woollen  mu.sliu  with 

sUk  chain,  and  thii^  elaNb  includes  a  host  of  fabiici^  generally  known  as  Bradford  fabrics  as 

w^Il  as  miJied  materials,  alpaca,  mohair,  tilk  mohair,  die. 

B.  Twili^d  Goods, — Merinoji  with  three-  or  four-threatled  twill  and  two  **  right "  ddea 

e,  after  weaving,  einged,  hot- pressed,  and  dressed  or  glazeil.     When  unglazed  it  is  called 

abet.     Serge*  are  twilled  fabrics  with  three,    four,  or   live  strand*.     So-caUed  Atlaa 

bricaare  kaJmiuit?  and  lasting,  the  latter  employed  for  ladiea'  shijee,  gentlemen's  cravats, 

ailure,  and  upholstery  work.     The  fabric  from  which  the  prest-baga  of  the  oil'mills 

made  is  al^o  a  twilled  woollen  material  woven  from  verj'  Htron^  and  tough  wooL 

^C   Varirgattd  or  Ptitttrnt'd  fubricg,  such   as  are  used  fi>r  troufieriit,  and  also   woollen 

infsk,     Shawls  bek^ng  to  this  ela«:s;  in  aom«  of  these  the  whole  fabrio  is  wooUen 

-^hawls) ;  in  others  a  silk  or  cotton  thread  ia  mixed.    The  plaids  and  taitaaa 

!y  British  fabrics. 

, , , ,  /..— WooUt^n  velvet,  woollen  plash,  and  Telpel,  are  merely  distinguished  from 

ch  other  by  the  J4^iigtb  of  the  hair,  which  is  greater  in  plush  than  in  vcdvet,  and  greatest 

I  velvetef  n-     Woollen  velvets  are  employe^I  in  various  ways  ;  for  instance,  in  eoveiing 

»ir«,  Bitdas,  for  curtains,  Ac.     These  matt^rials  are  more  or  lees  loosely  woven,  and  are 

iotisly  shorn  and  dres«ed,  being  known  in  tho  trade  by  such  appeUaiionfl  as  astraowi, 

avtfr,  castorin,  Utrecht  velveti  dr<>. 


Silk  is  at  once  distin  gin  sited  firom  cotton,  flax,  hemp,  and  wool  by  being 

ttirally  produc&d  aa  a  very  long  and  continuous  thread,  whereby  the  operation  of 

pinning  is  dispensed  with;  but  id  its  steud  the  openition  knt>wn  as  silk- throwing  is 

|uired,  by  which  several  of  the  natural  libres  of  the  ailk  lire  twisted  into  one  in 

ier  to  obtain  a  stouter  yarn. 

Bilk  is  the  produce  of  tJie  silkworm  iBornhfiJ'  mori\,  an  insect  which  undergoes 
»r  metamorphoses.  The  worm  ia  produced,  in  the  spring,  from  the  egg^  or  ovule. 
It  casts  its  skin  from  three  to  four  times,  and  finally  spins  a  thread,  produced,  or 
ber  Sf-crctcd.  by  tu^o  glands  placed  near  the  head,  from  small  apertures,  in  which 
a  glutinous  fluid  which  immediately  coaj^dates  under  contact  with  air.  Thus 
bat  is  termed  a  cocoon  is  formed,  which  serves  as  a  sheltej:  for  the  pupa 
ijnst  injury  and  cold.  The  thread  is  double,  hut  is  united  iu  one  by  a  peculiar 
nd  of  glue  termed  serecin,  which  is  laid  as  a  kind  of  varnish  over  tlic  whole 
ce  of  the  thread,  of  which  it  forms  about  35  per  cent  of  tiie  weight.  After  a 
iod  of  fifteen  to  twenty-one  days  tlie  pupa  is  metamorphosed  into  a  butterfiy, 
ich,  in  order  to  leave  its  prison,  softens  a  portion  of  the  cocoon  wiLli  a  juice  which 
secretes,  and  then  perforates  the  softened  part.  For  tlie  purpo.se,  however,  of 
lucing  silk,  the  pupa  is  not  aOowcil  to  develop  so  far,  but  is  killed  (excepting  in 
|jiQiab*ir  of  cocoons  intended  for  the  full  development  of  the  butterflies  so  that  they 

_i.producc  eggs),  and  ihG^  tliread  of  the  cocoon  is  carefully  wound  ou  a  reel. 
^^MjJK'S'slKenin,       ^^^  Bomhtjx  moH  ia  the  main  supplier  of  silk.     Its  food  is  tho 
leaves  of  the  white  mulberry  tree,  Morrn  alha.    There  are,  however,  other  aiUc- 
prodacing  insects,  among  which  the  following  are  to  be  noticed : — 
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a.  Bomhyx  cynCUia,  Inrgely  cultiviiteil  by  the  natiTPS  of  the  north-east  pon 
intt^rior  of  Beugiil  luid  abo  by  the  Japanese;  the  former  oaU  this  worm  Arrir^dM-M 
latter  Yamu-mnl.     This  worm  fe<»ds  on  rice  leAves,  RicimtM  communU.     The  i£&M 
from  this  inMeet,  although  less  brilliiuit  than  that  which  th«  ordinarj-  ftilkworm  yiftW 
very  nsefiil,  as  being  dunvble  nnd  strong.     This  we>rm  will  feed  on  otbrr  l«<aTGs,  §n6 
that  of  the  weavers'  thistle,  Dipsacus  fnllonmn,  wild  chicory,  Chirmium  IntibuM,  and  1 
leaveb  of  the  Ayhinthiu  ytartduloga.     I'he  results  of  acclimatising  this   insoct  ttt  Ftiaot 
AUd  Germany  have  been  satiHfaotory. 

b.  Bomhif.T  Venvji  i^  a  native  of  Mongolia  and  China;  it  feeds  on  oak-lf^res.    SchSit 
years  ago  the^e  worms  were  iutroduued  into  France,   and  have  been    fed 
luecessfnlly  upon  European  oak  leaves, 

c.  Btmbtjx  mtifitfii,  or  Tassa  worm,  is  a  native  of  the  colder  parta  of  Hindo 
the  slopes  of  tlie  Himftlaya^     Its  silk  is  an  important  artiole  of  commerce  m\ 
This  insect  fe^Mls  on  o*k  and  other  leaves,  cants  itn  skui  five  times,  &nd  yielila 
CoetKins.     The  libre  of  this  kind  of  silk  i»  from  six  to  seven  times  stonier  than  Ibe  i. 
the  ordinary  worm,  but  unfortnnately  the  Tusan  worm  only  lives  in  its  free  nattiral  i 
and  when  captive  does  nut  produce  silk.     The  following  silk-prodacing  vnrielttrs  bcl< 
North  America: — d,  Bombtjx  pohfphrmwn :  on  oak  and  poplar  trees,    r.  B.  ceeropi^^ 
film,  whitethorn,  and    wild    njulberry    trees.    /.  /;.  platemU  ;   oa   a    kind    of   niii 
Mimma  platemii.    g.  B,  Uuca  deserves  further  attention. 

We  quote  the  following  account  of  the  culture  and  rearing  of  silkwdrms  : — t. 
mulberry  tree.  The  leaves  of  tlie  variety  known  as  the  white  mull>eny  trre. 
the  fact  that  its  fniit  is  yellow  or  light  red  in  colour,  i&  tlie  most  suitable  (iMxi  for  | 
insect,  but  its  cultivation  belon^^s  to  horticultural  pursuits,  and  we  ^^anuot  enter  i 
the  fiuLject  here.  2.  The  production  uf  the  eggs  or  ova  of  tJie  ailkworm  is  efl 
the  ffdlow  ing  manner : — The  largest  and  finest  co^oous,  and  auch  as  fauve  ft  I 
thread,  arc  selected  and  prenerved ;  usually  the  cocoon  of  the  female  insecH  is  1 
oval  than  that  of  l!ie  maUv  which  ia  more  pointed  at  Hie  ends  and  is 
depressed  in  Uie  centre.  Although  tliese  characleriatica  do  not  ftp|dy  in  aH 
aerieiculturists  become  aufficiently  adepts  in  this  matter  to  be  able  to  stJed  • 
sufficient  number  of  cocooua  of  each  sex.  100  to  120  pairs  of  well-fonnetl  eoc««iw 
yield  about  30  grnis,  of  eggs,  about  50.000  in  uum!ier,  from  whi<-h,  however,  foh 
about  70  to  75  per  cent  of  worms  are  obtained.  Tlie  eocwns  selected  fur  bf«*<l 
purposes  are  allowed  to  renifiju  on  a  table  covered  with  a  while  cotton  th 
After  some  twelve  days  the  buliertlies  muke  tlieir  appearance,  and  liAVfH};  paired,  i 
females  after  a  lapse  of  some  forty  hours  lay  500  to  400  eggs,  3,  TJie  cig;e»  i 
properly  protected  from  cold  in  winter  and  remain  in  the  buildings,  cmllod  < 
neriea,  being  placed  in  a  unifonii  kyt^r  on  11  cotton  doth  strelehiHl  on  m 
frame.  The  eggs  are  covered  witli  shijeta  of  white  paper  jtca'fornted  with  1 
Upon  the  sheets  of  paper  mulberry  leaves,  at  tirt>t  cut  up  so  as  lo  form  m\ 
chaff,  are  placed.  In  France  a  conlrivanre  known  as  a  couveuxf,  tlial  in*  tasay,  I 
oven  in  which  a  suitable  tempentture  is  kopl  np,  is  now  genej-ally  used  for  1 
purpose  of  breeding  tlie  worms,  which  are  best  hatched  from  the  eggs  at  n  I 
ture  of  30°*  provided  moisture  is  also  present.  The  young  brocwi  on  leaving  tb«i 
creep  through  the  holes  in  the  paper,  and  seeking  daylight  Uhttre  is  Rlvreys  ' 
access  of  light  in  magnancries)  begin  at  once  to  feed  on  the  mullHerry  leaves.  4.  .Btf" 
rearing  of  the  worms  ret|uires  care  and  attenlion.  They  are  bist  placed  04i 
Inid  on  wooden  frames.  The  worms  grow  rapidly  and  are  very  voracioua. 
cast  Llieir  skins  four  times,  and  after  thirty  to  thirty  two  days  begin  to  spin  I 
oocoous.  5.  When  the  period  of  spinning  approaches^  the  worms  ore  placed 
smaU,  somewhat  conical  wicker- w^ork  baskets,  in  which  they  ar«  cotnfortablj  loeiliAP 
Th6  first  thread  spun,  or  rather  an  entangled  tlocky  mass,  is  aflerwardB 
oollected  and  kept  as  Qoas  silk.    The  insect  diachau^gea,  before  be^nning  to  1 
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r,  first  Q  solid  substance,  white  or  green  in  colour,  and  consistiDpf,  according  to 

,  chicifly  of  uric  acid,  next  a  clear,  watery,  very  alkiiline  liquid,  whith  contaiaa 

t'5  per  cent  of  carbonate  of  potash,  tliia  curiuas  discharge  amounting  to  15  t-o  20  per 

at  of  tilt'  weight  of  tlie  worm.     The  fommtiuD  of  the  cocoon  is  finished  in  about  Hve 

»  but  the  coc<xinji  are  not  collected  for  the  purpose  of  reehng  the  Bilk  mitLL  after 

[  or  eight  days,  so  as  to  make  sure  that  all  the  worms  have  8pun. 

Ab  far  as  the  chemical  compoailioa  of  silk  is  conceraed,  we  huve  to  distinguish 

ween  the  fibre  and  its  envelope.     The  Bhre  consists  for  about  half  its  weight  &t 

IbfOiA,  a  substance  which,  according  to  Stadeler'»  researches,  is  nearly  related  to 

bomy  matter  and  mueua,  mid  h  identical  with  theso  as  regards  chemical  compoai- 

The  formula  of  silk  fibroin   is  C15H23N5U6.     The  gum- like  envelope  of  the 

fibre,  whicli  has  been  termed  by  Cramer  and  Stadeler  silk  glue  or  sericin.  is 

Jy  soluble  in  water  and  readily  so  in  soap-suds  and  other  alkaline  fluids,     Tlie 

aula  of  sericin  is  CisHasNjOg.     P.  BoUey  a  researches  have  proved  that  in  the 

[-producing    and    secreiing    glands   of   the    worm    only   glutinous,    semi-liquid 

oin  occurs,  which,  in  coming  into  contact  with  air,  is  acted  upon  by  the  oxygen 

.  then  converted  into  sericin.     Raw  silk  leaves  on  ignition  a  sijnill  quantity  of 

i;  Guinon  found  in  Piedmoutese  raw  silk,  dried  at  100^,  o  64  per  cent  of  oah,  con- 

Dg  of  0526  lime  and  o  iiS  alumina  and  oxide  of  iron.    Br.  G.  J,  Mulder  found 

100  parts  ofraw  Bilk  : — 

Yellow  silk  from 
Naples. 

Fibroin      ,     

Glue -yielding  matter       

Wax,  resin,  and  fatty  matter... 

Colouring  matter     ... 

Albumin    


53"40 

2070 

1-50 

0*05 

2440 


WhitG  silk  from  the 
Levant  (Almasin  silk), 

540 

191 

1'4 


25-5 


&,  KUlinff  of  the  Pupa  in  ike  Cocoon. — The  pupa  remains  in  tlie  cocoon  for  from 
Kffejeen  to  twenty  days,  and  is  Hi  en  roe  tamo  rphosed  into  a  butterfly,  which  will 
p«rforale  the  cocoon  and  thus  obtain  an  exit.  It  is  clear,  however,  that  the  cocoons 
tiot  intended  for  breeding  purposes  should  not  be  kept  so  long,  because  by  the 
rperfonitiou  of  the  cocoon  tlie  sdk  is  spoiled,  or  at  least  greatly  deteriorated  ;  therefore 
the  pupae  in  the  cocoons  are  killed  either  by  the  appitcntion  of  oven-heat  or  of  steam. 
iiMij»iii«Uaii  lit Ui* aok.  Six  dilferent  operations  are  required  to  render  raw  silk  lit  for 
I  an  article  of  commerce  and  suited  fur  wtaving,  &c.  These  operations  lu-e: — 
The  sorting  of  the  cocoons,  an  operatiun  which  reciuires  great  care  and  greater 
leperience,  ita  aim  being — [a\  the  separation  of  yellow  from  white  cocoiniji ;  t/3[  the 
l^limination  of  all  damaged  cocwyns  as  only  fit  for  yielding  Ho  ret  silk  ;  the  damage  maj 
i  in  various  w  ays*  as,  for  instance,  by  niouldiness,  injury  by  otlier  inserts,  and, 
Ely,  ioiilmg  of  the  pupa,  as  well  as  perforation  by  the  butterfly;  <yj  ^election  of 
be  cucoom*  according  to  varying  lineness  of  thread  and  uniforniity  ul  the  silk, 
2.  Winding  the  sUk  on  a  reel  is  the  first  operation  with  the  cucoon.  By  this  the 
^rthreads  of  silk  which  the  uii^ect  has  wound  up  into  a  kind  of  ball  is  wound  ni^  and 
ought  into  the  shape  of  a  skein  or  strand. 

As  the  single  fibre  of  silk  is  far  too  Uiin  to  be  manipiUaled.  tlie  operator  usually 
[tmites  from  3  to  10  or  even  20.  making  them  unite  by  the  operation  of  reeling;  thia 
not  by  any  means  so  reathly  performed  as  might  be  imagined,  because  it  is 
Kcult  to  find  the  end  of  the  thread,  whilst  the  surface  of  the  cocoon  U  varnished 
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with  a  gum  like  mass  which  glues  the  fibres  together.  Partly  by  th»?  tid 
hot  water  and  partly  by  dexterity  tliese  difficulties  are  overcome,  a&d  Uy  pM 
tDauagement  a  tliread  of  250  to  900  metres  length  may  he  obtained  fnim  %tA 
cocoon,  each  ^-ielding  from  016  to  o'20,  at  the  utmost  o  25  grma.,  of  raw  silk,  i  liEs. 
of  mw  aUk  requires  from  10  to  12  kilos,  of  cocoons.  Hip  silk  thus  obtained  ia  tenocl 
raw  Bilk,  wJiich  should  be  quite  uniform  as  rt*gards  thickuesa  and  aireogtli  «f  fitaft. 
That  portion — the  interior  and  a  portion  of  the  outer  layer  of  the  cocoon — ^irhkh  4mi 
mot  admit  of  being  reeled  off  is  eui ployed  for  making  floret  silk,  by  operationa 
to  those  in  uhc  for  wool  and  cotton  —  \iz.,  cleansing.  dxBenUmgfmg, 
carding,  and  «ipiiming,  to  produce  a  sUk  yarn. 

1.  The  Thfouimj  of  iyilk. — As  the  Uiread  obtained  hy  reeling  is  too 
nfie  eitJier  for  weaving,  knitting,  sewing,  &c,,  it  is  usual  to  unit*  sereral 
silk  by  means  very  similar  to  those  used  in  rope-making,  an  aperatioti 
throwing,  knoi^ii  as  twisting  when  tlie  thread  of  raw  silk  is  simply 
its  axis  so  as  to  make  it  stronger.  The  following  are  the  chief  rarieties 
Bilk: — I.  Organzine,  used  as  chain  for  woven  silk  fabrics,  is  prepared  from 
raw  silk.  The  threads  of  3  to  8  cocoons  are  united  ;  being  first  strongly  twistid 
next  tJirown,  after  which  two  of  sach  tlireads  are  twisted  together.  3.  Tnonc 
lor  woof  or  wett  and  for  silk  cord  is  made  from  inferior  cocoons.  Single-* 
trame  consists  of  one  single  twisted  raw  silk  thrend  made  up  of  the  united 
3  to  i2Coct*ous.  The  duubkvthre«ded  trame  consists  of  two  uiitwisted  threada 
to  the  left  but  less  strongly  tlitm  in  organjiino.  There  is  also  three -threaded  trame,^ 
Trame  is  softer  and  smoother  tlian  organziue,  and  therefore  tills  blotter  than 
threads  in  weaving.  3.  Marabou  silk  is  stiffly  thrown  and  similar  to  wjiipcord ;  it  if 
made  from  three  threads  of  tlie  whitest  raw  silk  and  tlirown  in  the  trame  fashion;  a 
dyed  without  being  previously  scoured  (boiling  the  gimi  out  in  tliis  instance),  and  ii 
again  thrown  after  dyeing.  4.  Foil  silk  is  a  simple  raw  silk  Utread.  twiili^ 
and  used  chiefly  as  a  basis  for  gold  and  silver  wire,  such  as  is  worn  on  tniittaf 
uniforms.  5.  Sewing  silk  is  obtsined  from  some  3  to  22  cocoon  tlireads  b^iof 
twisted  together.  There  are  several  other  varieties  of  silk  Unread  used  for  crocl 
knitting,  4c. 

4.  Conditioning  (?r  Testing  of  Silk. — The  fineness  of  raw  as  well  as   of 
silk  is  expressed  by  stating  how  many  yards'  or  metres*  length  of  the  fihpe 
contained  in  a  certain  weight.     The  unit  abrojid  is  400  ells  or  475  metres,     Whcfil 
expression  is  used,  thnt  such  silk  is  at  10  grains,  it  is  tinderstooil  that  475 
length  of  that  particular  silk  weigh   10  grains;  a  silk  at  20  grains  has  the 
length  but  double  thtj  weight,  and  consequently  that  silk  is  only  half  as  fine  ta 
former. 

Haw,  as  well  as  thrown  silk,  contains  a  large  quantity  of  hygrosoopte 
tliL  quantity  of  wiiich  cannot  be  judged  by  the  external  appearance  of  the 
The  silk  usually  met  with  in  commerce  contains  10  to   18  per  cent  of  h; 
water;  and  silk  may  occasionally  contain  even  30  per  cent  witltout  appearing 
be  moist.     As  silk  is  a  very  expensive  material  and  often  sold  by  weight,  it  is 
Uiat  tins  property  of  taking  up  water  is  too  important  to  be  left  unnoticed  ;  and 
that  reason  silk  is  conditioned  as  it  is  called,  that  is,  the  quantity  of  watery 
contains  is  duly  ascertained. 

5.  Sivyurifitj  or  lioiliinj  the  Oitm  out  of  Silk. — Excepting  a  few  InstCBci^  sadk  •• 
tor  example*  in  the  wearing  of  tine  silken  eiere  cloths,  and  for  crape  and 
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^kicSi  raw  silk  has   to   be  depri\-ed  of  its  envelope — the  gummy  matter  already 
^p&tioned,  in  ordor  to  give  softness,  suppleness,  gloss,  and  especially  tdso  to  render 
^B  silk  til  for  being  dyed, 
Bfflije  opermiiun  of  «c:i Hiring  is  compriseil  in  the  following  manipulations ; — 

^^^^  I.  RemoYing  the  gtun  {degamtfter). 

^^^F  2,  Boiling. 

^^^^  J.  Colouring. 

The  taking  out  of  tlie  giun  ia  performed  in  tlxe  following  manner : — Olive  oil  soap 
b  flmt  dissolved  in  hot  water  and  into  this  solution  at  85*  the  skeins  of  silk  are 
placed  hung  on  sticks.  The  skeins  are  moved  about  in  this  btilh  until  all  the  gum 
hms  been  unifoiTuly  taken  out.  The  silk  ia  next  wrung  out,  rinsed  in  fresh  water 
ftzid  then  dried.  Silk  may  by  thiij  process  lose  12  to  25  per  cent  in  weight, 
according  to  the  quftiity  of  tlie  raw  sOk  and  the  quantity  of  soup  cniplnyed.  The 
BOOttred  silk  is  retidy  for  dyeing  with  dark  colours,  but  if  required  ta  be  d3'ed  with 
bright  colourB  it  ha»  to  i^e  lirKt  boiled.  To  this  end  it  is  put  into  coarse  canvas 
bags,  eaeh  containing  from  12  to  16  kilos,  of  silk,  and  in  these  sacks  the  silk  ia 
plBieed  in  a  soap  bath  and  boiled  for  1 4  hours  ;  the  silk  is  next  rinsed  in  water,  wrung 
oat,  and  dried.  The  operation  of  rosing  or  colouring  aims  at  inipurting  to  the  silk  A 
llight  tint  in  order  to  f*nhance  its  beauty.  The  trade  distinguialies  various  hues  of 
irldt«  silk,  such  as  Cliinese  white,  azure  whit«,  pearl  white,  Jkc.  The  first  of  these 
,  m  sonu^what  ruddy  tint,  ia  obtained  by  rinsing  the  silk  in  Bonp-wrttcr,  to  which 

Orleans  has  been  added.  The  bluish  hues  are  produced  hy  indigo  solutions. 
Xhe  bleaching  of  scoured  silk  is  effected  by  the  aid  of  sulphurous  acid,  the  fibre 
either  being  placed  in  a  room  where  this  gas  is  evolved  from  burning  sulphur,  or  by 
treating  the  silk  with  an  aqueous  solution  of  the  acid.  As  silk  loses  a  great  deal  in 
imght  as  well  ns  in  body  by  the  scouring,  which  is,  however,  required,  because  raw 
jijfc  does  not  admit  of  being  dyed,  jt  has  become  the  practice  to  produce  a  umterial 
»ovph\  obtained  by  treating  tlie  raw  silk  with  boiling  water  in  which  only 
quantity  of  soup,  t  kilo,  to  25  kilos,  of  silk,  is  dissolved.     Lnatead  of  this 

solution,  an  acidihed  (mlh  dilute  sulphuric  acid)  solution  of  sulpliat«  of 
Desia  or  of  soda  is  sometimes  used.  The  silk  loses  hy  this  process  only  4  to  10  per 
mni  in  weight.     In  order  to  bleach  raw  silk  without  depriving  it  of  its  natural 

V' ,  the  skeins  iire  digested  at  a  temperature  of  20*  to  30'^  with  a  mixture  of 

i  and  hydrochloric  acid;  this  liquor  becomes  green  in  colour,  and  the  deeper 
the  hue  the  whiter  the  silk.  The  silk  is  nnsed  in  water,  and  liaving  been  dried  will 
be  found  to  have  lost  only  about  2*91  per  cent  in  weight,  Tlie  alcohol  used  in  this 
prrooess  may  be   readily  recovered    by  neutralising  the   acid  with   chalk   and    by 

Kiequent  distillation, 
TfBf  of  milt.  TbiM  bninch  of  the  silk  industry  is  very  similar  to  the  weaving  of 
pblton*  linen,  woollen,  and  mixed  fabrics;  very  frequently,  however,  silk  yam 
U  miJtod  and  woven  witli  other  fibres.  Often  either  the  chain  or  woof  is  made 
iiniply  of  twisted,  not  of  thrown,  silk,  the  advantage  being  tlie  production  of  tliicker, 
but  less  coarse  fabrics.  Dark  silk  tissues  are  ready  for  the  miLrket  as  soon  as 
woven;  they  are  only  folded  and  pressed.  Ligliter  silk  fabrics  I  atlas  and  taffetjis) 
ore  washed  over  wi(h  a  sponge  dipj^ed  in  a  solution  of  gum  tragHcanth,  and  are  next 
hot-pressed  or  calendered  by  the  aid  of  iron  cylinders  eitlier  heated  by  steam  or  by 
placing  a  red-hot  iron  in  them.      Heavy  silk  fabrics  are  often,  lis  it  is  tt^rmed, 


5o<5 


CHEMICAL  TECHNOLOGY. 


moirid,  thnt  is,  while*  partly  moistened  are  passed  between  hot  rollers.    By  ihm 

copper  cylimlt^rs  bearinpj  various  t!  l- si  ^nis, different  putt  ems  are  €n  refief 

upon  heavy  silkvn  anrl  silk  velvet  fahncK.  being  gaufretl,  ub  it  js  termed.  ^ 

Silk  fabrics  lire:— I.  Smooth.     2.  TwillciL    3.  Patterned.     4.  Guaze.     5.  Velvet 

a.  To  tlie  first  catefjory  belong: — i.  TafTetas,  a  lijtjht,  thin,  smooUi  tissae,  madff 
of  scoured  silk,  the  chain  being  organzinc  single  threaded,  (he  woof  tnune,  aal 
bi-  or  tri- threaded.  2.  Groa  {Grm  tls  Tours,  Oroa  de  Ntiplem,  a  heai-y  tftffet-LsLk 
fabric,  woven  with  heavy  thread,  and  hence  having  a  ribbed  appearance  whm  Hatk 
and  thin  thn^ids  nre  mixed. 

h.  Twilled  fubrics  are: — i.  The  variona   kinds  of  serges  {Croisi^  UstmiiMt 
d«  9oic,  fmmlm^fifn.     This  fahrie  Jias  a  right  and  a  wrong  side,  Uie  former 
chain  side.     2.  Atlaa,  or  ^atiu,  in  all  ita  endless  varieties,  siugle,  double,  half^ 
serge  atlas* 

0.  Patterned   fabrics.      To    ihis  class  belong    all    fabrics  wbieli    either  bf 
art  of  weaving  or  by  other  means  are  distiiigniahed  by  some  design  (dragiie^ 
reps,  silk  damiu^k^  kc.\ 

d.  To  the  velvet  fabrics  beb>Mg  : — i.  Genuine  velvet;  cat  or  uncut,     z.  Ploah. 

e.  To  the  silk  gauzes  belong  an  immense  variety  of  very  hght  nmteriala,  ^fo 
instance: — 1.  Marie.  2.  Silkstramin.  3.  Crape.  4,  Variotis  qualities  of  &ilk  wib^ 
5.  Barege. 

It  is  quite  beyond  the  scope  of  this  work  to  euier  into  fortUer  detiuls  on 
sabject  of  the  mixed  fabrics,  of  which  indeed  there  is  a  very  lur^e  and  yi 
increasing  variety.  Among  tJiem  we  mention  here  only  poplin  as  unvde  in  ireUn^i 
beautiful  mixed  fabric  of  linen,  wool,  and  silk,  and  often  woven  in  wliat  ui  kauwt 
fts  tartan  pattern.  Mixed  \%  ooUen  silk  and  cotton  fabrics  are  very  largely 
in  tliis  country  as  well  as  abroad. 


Owing  to  tlie  manufacture  of  mixed  fabrics,  jt  h^s  1 

ct  and  distinguish  £ 
Microscopical    iiiv« 


MtAM  of  DlitlnitnMiintf  SUk 

v«>#cihbi«  FibftM.  a  necessity  to  be  enabled  to  detect  and  distinguish  auk  I 

and    linen 


wot»llt'ii   as   wrll   as   from   cotton    and    linen    fibres, 
aided  by  cheniiciij  testa  are  resorted  to  for  this  purpose. 

The  animal  hbres  (silk,  wool,  and  alpaca),  are  at  once  distinguisiied 
the  vegetable  <Hux,  hemp,  cotton),  by  the  fact  that  the  former  are  soluble  bki 
potash,  and  thu  latter  not.  The  animal  £bres  on  being  singed  give  off  a 
of  burnt  feathers,  and  when  ignited  in  the  flame  of  a  eanfUe  are  almost  luist 
extinguished,  h  cHrbonactfous  rt-sidue  being  left.  Cotton  and  linen  fibres  cuntiOBi^l 
bum,  do  not  give  otf  the  smell  of  burnt  featliers,  and  do  not  leave  a  carbon 
mass  when  extinguished.  Wool  and  silk  are  coloured  yellow  by^  nitric 
(I'z  to  1*3  sp.  gr.V,  cotton  and  linen  not  so.  Nitrate  of  protoxide  of  luercitry  1 
animal  fibres  inlinjsely  red,  and  upon  the  addition  of  a  soluble  alkaline  1 
this  colonration  becomes  black.  Linen,  or  flax,  and  cotton  are  not  at  all  ( 
by  this  reagf-nt.  An  at|uenu3  solution  of  picric  acid  dyes  wool  and  silk 
yellow,  but  not  so  vefjetable  fibres.  The  colourless  Uquid  obtained  (accordtug  | 
Liebt-rmann)  by  boiling  a  solution  of  fuehsinc  with  C4iu&tic  potash  doea  oot 
to  a  mixed  fabric  of  wool  and  cotton  any  colour  at  all ;  but  when  Uie  lahrie  | 
thoroughly  washed  in  water,  tlie  woollen  fibre  becomes  intensely  rc»d*coloored,  1 
the  cotton  fibre  iciiiftius  colourless.  A  8<.>lutiou  of  ammoniacal  oxide  of  copper  H 
excess  of  ammoni*^  dissolves,  first  silk,  next  cotUm,  but  not  wool.  Wlien  wool  and  , 
£oret  silk  are   mixed  the  latter  may  be  dissolved  by  sucocssiTe   treatment  wit 
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io  acid  and  ammonia,  while  wool  is  left.  A  solution  of  oxide  of  lead  in  eaBstio 
potftsh  or  soda  may  serve  to  dislin^^uish  wool  frtim  silk,  owing  to  tht?  fuct  that,  in 
donfiequence  of  the.  former  containing  Biilphur  and  th*^  latter  not^  the  mixture,  when 
iKtool  is  present,  becomes  black.  Nilro-pmssidt*  of  soiliuin  is  ufuhiabr^dly  tlie  moat 
dt^lioiit?  test  for  distiugtiisshing  betwe«jn  mlk  and  wool  in  aoItitt«m  in  oiusfic 
^(jiii,  because,  owing  to  tlie  sulphur  of  tiie  wool,  thijs  reagent  produc^sj  in  the  solution 
■ftolel  colouration. 

H|^  the  aid  of  the  microscope,  cotton,  wool,  and  ailk  are  readily  distinguished 
Hm  each  other.  As  for  cotton  (see  p.  343),  it  Ims  been  fully  described,  and  its 
B^Toecopical  appearance  illustrated  by  woodcuts,  as  ulso  have  silk  and  woollen 
JhrriT      Of  tho  hitter  we  may  now  state  that,  whereas  cotton  libre  consists  of  only 

I  cell,  wool  (a@  also  hair  and  alpaca),  is  made  up  of  numerous  juxtaposed  cella; 
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he  silk  fibre  being  similar  to  the  secreted  matter  of  spiders  and  otlier  kinds  of 
l^ppillars.  The  ailk  fibre  (Fig,  253)  is  smooth »  cylindricaL  devoid  of  struclure,  not 
^■ow  inside,  and  equally  broad*  The  surface  is  glossy  and  only  seldom  are 
fl^  irregularities  seen  on  it.  If  it  is  desired  to  detect  in  a  woven  fabric  the 
jeBuineness  of  the  silk,  it  is  best  to  cut  a  sample  to  pieces,  place  it  under  water 
mder  the  ohje^^t-glass  of  a  microscope  magnifying  120  to  200  times,  covering  it  witli 
k  tliin  piece  of  glass.  The  round,  glazed,  equally  proportioned  silk  fibre,  Fig,  254, 
B  easily  distinguished  from  Uio  unequal  and  sealed  wool  fibre  jw  in  Fig,  2551,  and 
Jkxnn  tlje  flat  band-like  and  spiral  cotton  fibre  in.  Fig.  2551.  Under  the  microscope 
1I0O  ihe  admixture  of  inferior  witli  superior  fibres  of  sillt  can  be  easily  detected.  A 
microscope  knoT^Ti  as  a  '*  linen- pro ver  "  is  sold  for  these  examinations. 
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Tannino. 

Ttnainj.       Tbc*  ftperatioTi  by  which  the  skins  of  rarious  animflls,  more  ^ 
those  of  tlie  larjjjer  Bmiiimfilift,  are  convprted  into  leather  is  called 
leather  we  iinderstutnl  a  siihstance,  toughs  flexible,  not  hftrah :  further,  distinjjn 
by  resisting   putrefaction  and   by   not  yielding   any  glue   when   boiled   tn 
as  is  the  case  witli  tanned  hide,  sole  leather*  and  tlie  so  called  red -tanned  I*r«itWj 
only  after  a  \ery  eontirmed  l>oiling.  as  with  tawed  skins  of  calves,  sheep. 
Whatever  tlie  rliffi^rences  which  *ibtjiin  in  tlie  practical  processes  for  carrriii| 
converKion,  the  ]>hysical  principle  involved  is  the  same  in  all,     Knapp'g 
definition  of  leather  ia  that  it  la  skin,  in  whieh  by  some  means  or  other  th^*  h-jlH 
nation  of  the  fibres  after  drying  has  been  prevented. 

To  a  comparatively  very  recent  period  tanning  was  conducted  on  an  rmin 
basis;  it  is  only  by  a  more  accurate  knowledge  of  the  histological  gtructun*  of! 
skin  and  of  the  tannin  containing  materials  that  the  real  nature  of  the  pr<»oc«  ] 
become  kno'(\ii,  tliis  knowledge  being  due  chiefly  to  the  researclies  of  F.  Ktiafli  i 
rudlet. 

That  which  is  converted  into  leatlier  is»  however,  not  the  skin  or  lade,  hut  1 
what  is  known  anataniically  as  the  corium,  that  is  to  say,  the  inner 
tlie  skins,  from  which  by  mechanical  (cutting  and  acraping)  as  well  na  hy  cHtii 
menuB  (action  of  lime)  tlie  other  integiinienta  have  been  removed.     In  its  tnost  >;rft 
seDJse  tanning   should  :—i.  Etrect  the  prevention  of  putrefaction.      2.  H^tid<tl 
dry  sldu  a  supple,  iibrous.  tough,  n on- transparent  snbstttnce,  and  not  homy  a^i 
be  tlie  case  were  tlie  skin  simply  dried*    A  well- tanned  skin  or  hide  pos^eaong  thfti" 
properties  is  termed  *'vvell  finished/'     The  specific  process  of  tanning  Ib  of  < 
preceded  by  some  prelLminary  operations,  the  aim  of  which  is  to  "  dress'*  the  i 
hides — that  is.  in  scientili*?  terms,  to  prepare  the  curium  more'  or  less  per 
from  all  other  integuments.     Tanning  in  tlie  more  restricted  sense  of  Uie  wc 
eflected  by  a  great  miiny  organic  and  inorganic  substances  ;  bat  in  pra42ti€«  OdI 
large  scale  there  is  employed  : — - 

1.  Tannin  as  contained  in  oak  bark,  producing  brown- red  tanned  leaOier. 

2.  Aluin  and  common  salt — Tnwjng. 

3.  Fatty  matters — Samian  or  Oil  Tawing. 

Aaatony  d  ,4]iiBui  sktD.      Leaving  the  hair  out  of  the  question,  the  skin  of  the  : 
malia  consists  of  severid  layers.     The  uppermost  of  tliese  in  which  the  \ 
gromng,  the  epidermia,  is  very  thin,  semi  transparent,  and  consists  of  ceDs 
contain  nuclei.      This  epidermis  is   covered   by  a   more   or   less   homy   layer  ] 
possessing  any  mUd  properties,  which  gradually  wears  ofl\  and  is>  as  gmduAlly  rf  ph 
by  the  stratwn  Midp'ujhU^  or  Malphigian  net,  a  stniclure  consisting  of  rWU  < 
taining  i!uid  and  nuclei.    It  is  this  layer  in  which  the  nerves  and  ^er  blood  vral 
are  iml>edded,  tiJgetlier  with  tlie  glands  which  provide  the  perspiration.     In  the  I 
yards  this  layer  is  known  as  the  hloinn  side,  or  hair  side  of  tlie   skin   or 
Tlie  reid  corium  or  denna,  situated  under  the  layer  just  mentioned,  doea  n«>t  > 
of  ceUs,  but  is  of  a  fibrous  texture,  and  is  that  portion  of  the  skin  which 
tanning   constitutes   the   leather;    in   the  living  animal  it  is  sepormtcHi    &um 
mnscleB  by  a  more  or   less  atrongly  developed   fat  bearing   tissue,  llie 
panmctdtis  adiposm,  which  is,  however,  removed  in  tlie  dressing,  the  side  of  1 
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ide  to  wbicli  it  was  altaclied  being  termed  the  flesh  side.    All  the  histological 

stltuents  uf  skin  or  liide  possess  the  property  of  swelling  up  when  put  into  hot 

er,  iind  of  becominjjf  aftt*r  more  or  less  protracted  boiling  converted  into  glue, 

slowly  when  the  skin   is  taken  from  okJ,  more   rupidlv  when  fri»m  yonn(t 

Js,     By  the  action  of  acetic  acid  the  fibrous  tissue  of  tde  «kin  is  convc  rted  into 

lly-like  transparent  mass,  in  which  the  fibres  are  not  otily  not  degtroyed  but  pre- 

with  tlieir  pecnliftr   structure.     Alkaline  leys   dissolve  this  tissue  bnt  very 

rly  :  while  lime-  and  baryta- water  have  no  other  efTeet  on  it  tlmn  simply  the  dis- 

ng  Uierefrom  of  the  cellulftr  binding  tissue  which  permeates  it,  and  winch  is  aa 

Umen  compound  also  actt  d  njion  by  dilute  acids. 

tie  various  operations  of  tnniiiog*  more  particularly  the  preHniinary  operations 

[teepiijg  and  dressing,  are  bused  upon  the  behaviour  of  the  ditfrrent  histological 

neuts  of  the  skin  and  hide  witli  alkaline  and  acid  tJuidt^ ;  but  the  real  process  of 

ag  is  baaed  upon  the  behaviour  of  the  corium  with  totally  <iiflerent  reagents. 

latter  substance  has   the  property  of  combining  with   tannic  acid,  several 

Lie   oxides^   viz.,   alumina*  the  oxides   of  iron  and  chromium,  oxidised  fatty 

r,  the  insoluble  metallic  soaps  (eonipf>und3  of  fat  acids,  viz.,  stearic,  palmitinic 

&e.,  with   oxide  of  leatl,  &c>i,  picric  acid,  pinic  add  < present  in  rosin),  and 

organic   substances,  somewhat   in   the   same  way  as   animal   and   vegetable 

i  combine  with  dyes  and  pigments.     In  the  most  extended  sense  of  tlie  word  all 

substances  are  tanning  agents^  because  they  iK>sses3  the  property  of  btdng 

^piljited  on  and  in  the  fibres  of  tlie  corium,  so  tliat  when  the  latter  is  diied  the 

^lUinat-ion  of  the  fibres  is  prevented,  and  the  natural  sitppteness  and  softness  of 

I  preserved.     But  in  the  case  of  tlie  application  of  aimoiim  compounds,  the 

is  only  imparted  to  tlie  tanned  skins  by  the  operations  of  currying  and 

I.  Bed'  or  Bttrk-Tatining, 

Icpuntit^  Mfttfrmls. — This  branch  of  industry  employs  as  raw  materials  hides  and 

Ratable  mat£*rials  conlninicig  lannin. 

bese   vegetable  materials  contain    essentially  an  astringent   principle  termed 

tannin  or  tannic  acid,  and  which,  thoitgh  it  differs  in  some  of  its  properties   as 

derived  fh^m   different  plants,  agrees  in  being  of  an  astringent  taste,   exhibiting 

,SCid  reaction  to  test-paper,  of  yielding  with  salts  of  peroxide  of  iron  a  deep  blne- 

ck  or  green -black  colour,  of  precipitating  solutions  of  glue  aiirl  rinrhonine,  and 

'  of  converting  iniimal  skins  into  leather.     It  has  been  proved  that  the  tannin 

nt  in  nut-galls — which,  by  tbe-bye,  are  too  expensive  for  use  in  tanning  opem- 

-is  converted  by  the  action  of  acids  and  by  fermentation  into  glucose  and 

He  acid,  the  latter,  however,  not  being  suited  for  tanning  purposes.     Under  the 

nditions  which  obbtin   during  the  tEinning  of  hides,  the  tannic  acid   contained 

oak  bark    (tan)   cannot  be   split  up   similarly  to  init-fialls,  and  this   negative 

perty  really  aids  the  tanning  operations  greatly.     All  kinds  of  tannic  acid  are, 

Bii  in  contact  with  alkaline  liquids,  such  as  lime-water,  caustic  potassa,  ammonia, 

with  the  simultaneous  presence  of  air^  decomposed  and  converted  into  brown* 

bured  humin  substances. 

Tliis  substance  is  for  the   tanner   the   most  important  of  all   tannin- 

rtjiining  materiab.  and  cannot  be  replaced  by  any  other.     It  is  the  inner  bark  of 

ral  kinds  of  oak,  QtHrcua  rohur,  Q.  pedunculuttj,  and  is  stripped  from  the  trees 

branches  when  these  have  attained  an  age  ol  from  nine  to  fifteen  years,  the  bark 
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1  Pr«tdpiUtion  of  tanniu  by  acetate  of  copper,  and  estimation  of  tlie  rel&tion 
ea  tannm  and  oxide  of  ciipper  in  iFie  precipitate : — 
VolumetriciUly. — iH.  Fleck)  ;  or 
6.  By  tlie  gravimetrical  method.^(E.  Woe-ff). 
\  Volumetrical  estimation  of  tannin  by  acetnto  of  iron.— (R.  IIandtke). 
)  OxidAtioa  of  tannic  acid  by  permanganate  of  pota^i. —  (Lowemual). 
Precipitation  of  tsiimin  by  meftus  of  cinclionin,  the  solution  of  wJiicb.  is  tinged 
ed  by  means  of  fuch^iu.     i  grm.  of  f{uercitarmic  acid  requires  07315  gnn. 
ciQchonine,  equal  to  4  523  grma.  of  cryeCaliiaed  neutral  sulphiiie  of  cinchonin. — 
4R  WAONEa). 

The  skins  of  almost  all  quadrupeds  might  be  converted  into  leather  by 
ttg  ;  but  the  tanner  chit"  tly  prepares  Ilia  leather  frotn  the  hiiies  tjf  cattle,  occasion- 
from  tlie  hides  of  horses  and  asses  as  well  as  of  pigs.      The  quaUty  of  tlie 
i  not  only  depends  upon  the  kiud  of  animal,  but  idao  upon  ita  fodder  and  mode 
l»ing.     The  hides  of  wild  cuttle  yhild  a  more  compact  and  stJonger  leather  than 
iea  of  our  domesticated  beasts ;  among  these  tlie  stall-fed  have  better  Hdes 
I  the  meadow- fbd  or  grazing  cattle.     The  tldckness  of  the  hide  varies  cousidor- 
y^  on  different  parts  of  the  body,  the  thickest  part  being  near  tJie  head  and  the 

tile  of  tlie  back,  white  at  the  belly  the  hide  is  tliiunest.     These  ditTerencea  are 
^ODSpicuons  in  sheep,  goaU,  and  culves.     As  re{|ards  sheep  it  \TOuld  appear  that 
sir  akin  is  generally  tJiinne^t  where  their  wool  is  longest. 

The  hides  of  bulls  and  oxen  yield  the  best  and  stoutest  Icatlier  for  soles.  In  tho 
BT — untanned — stale,  and  with  the  hair  still  on,  tlie  ludes  are  termed  **  green  "  or 
resh/'  Fresh  or  green  hides  are  supphed  to  tho  tanners  by  the  butchers,  or  are 
ported  either  dry  or  salted.  A  hi  do  weigliing  in  fresh  state  from  25  to  30  kilos, 
les  bj  drying  more  tlian  hidf  its  weight  JSoutli  America  i^Bahia,  Buenos  Ayrcs,  &c.) 
portA  a  large  quantity  of  hidcii.  both  dry  as  well  as  salted  and  cured  by  smoking, 
le  liides  of  cows  yield  generally  an  inferior  grained  leailier ;  but  South  Americazi 
ides  may  be  worked  for  light  sole  leatlier.  Calves*  hides,  again,  are  thinner, 
rlien  well  tanned,  curried,  and  di  essed^  yield  a  very  soft  and  supple  upper 
Br  for  boots  and  shoes.  Horse  liidea  axe  only  tunned  for  saddlery  purposes, 
sheep-  and  goat-skins  and  the  skins  of  lambs  are  tanned — or  more  generally 
I — for  tbo  pui-poac  of  umking  wash-leather,  maraquin,  glove- lea tlier,  book- 
s'-leather,  l*iga'  hides  and  seals'  skina  are  taoncd  for  saddlery  purposes. 
J  ovcntioBi.  The  several  operations  of  the  oak  bark  tanning  process  may  be 
Ided  to  three*  viz, : — ^A.  The  cleansing  and  dressing  of  the  hide  on  tiie  hair  and 
^  «ide  1  in  other  terms,  the  separation  of  the  curium  from  tiie  other  integuments. 
3ie  tnie  tanning.  C.  The  currying  and  dressing  operation,  by  which  tho 
hide  becomes  a  saleable  article.    These  three  operations  are  agam  subdivided 


k  eleonsing  of  the  hide  :^- 
k.  Steeping  and  macerating  the  ludo» 

2.  Dressing  the  flesh  side, 

3.  I>resKing  the  hair  side. 

4.  The  swelling  of  the  cleansed  hide* 

^  The  tanning  of  the  cleansed  hide,  pertormed  either  by  placing  it  ie  tanks  or 
ith  oak  bark  and  water^  or  in  a  hquor  of  these  previously  prepared,  or  by  the 
led  quick  method. 
B4 
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C.  Tlio  dressing  and  cunyingf  of  llie  Uniicd  hides,  by  which  is  ttpderitoid  mil  thi  , 
operatioos  which  tend  to  improve  the  coiiipiwrtiiesa  of  texture,  or  give  a>  bett«r  gnia 
and  Ixjtter  appearance  to  the  leather,  togetlier  with  soltuess.  tooghncM*  mif 
and  colour. 

Oittntinc t>>« hijml       A.  Tliis  oppfation  includes: — t.  The  sleeping  or  nwovnititig «r  | 
the  hide  in  water  for  the  purpose  of  rendering  Uie  texture  iiriifDmilv  »nff  msd  tf> 
ffuppje  that  it  mny  he  hent  nithout  danpfer  of  cracking.  w}iih>,  on  the  otl 
steeping  also  effects  a  cleansing  of  the  hide  hy  removing  from  it  blood  ai^ 
liresh  hides  of  recently  slaughtered  animald  require  a  niac<?ratioti   in  ivnter  tat  i 
two  or  three  days,  but  dried,  cured,  or  luilted  hides  have  to  be  left  ititicemixttftmi 
eight  to  ten  days.     This  opemtiou  siiould,  if  possible^  be  c»irne4  mx  in  «  t 
water  ;  but  if  there  is  no  convenience,  then  the  liidea  are  placed  in  large  1 
(Hther  case  the  hides  are  taken  out  iwiiHG  daily  and  put  bade  into  the  water  i 
cu«utft(  of  th«  Fienh  3id«.      Wlien    the     hides    have    become    quite    soft,    they 
(2)  cleansed  or  dressed  on  tlie  flesh  side  by  being  placer!  with  the  hair  aicU  1 
wards  on  a  **  tree/*  a  stout  aeny-circnlar  plank,  one  end  of  which  is  placed 
ground  while  the  other  is  supported  by  a  trestle,  so  that  the  plank  ia  in  •  t 
position,     live  workman  has  a  so-called  dressinjEj- knife,  a  tool  to  which 
iaatened,  and  which  is  bent  so  as  to  fonn  a  slight  curve  ;  with  this  lmif<d  hm  1 
or,  as  it  were,  planes  off,  from  the  hide  all  fatty  tissue  and  iuUfgumotita  w 
situated  betwei^u  the  hide  and  the  muscles.    At  the  same  time  the  wuter  %» 
out  of  tlie  hide  to  some  extent. 

After  a  preliminarv^  or  first  dreasiiig,  the  hides  are  ftgmn  placed  for  tv«ntf4 
hours  in  water:   the  dressing  and  planing  is  then  quite  finished,  in 
having  been  well  wnshed.  are  kft  to  drain  on  the  tree  ready  for  r<rmo  s 
In  some  instances  the  hides  are  washed  by  tlie  aid  of  '*  posaing-aticks,"  and  " 
by  means  of  ninchiiiery,  by  which  the  operation  is  greatly  shortened,  so 
that  two  to  tliree  days  suiHce,  instead  of,  as  is  usual  by  the  aid  of  smuraa!  I 
eight  to  ten  days. 
a«Minj<  ih#iiiir  ssw*-,         3,  This  operation  aims  at  the  removal  from  the  eorianr  c 
epidermis  and  liair- containing  integuments.     As  the  hair  and  integnmcota  * 
there^vith  arc  Vfry  firmly  attached  to  the  corium,  the  rcraova!  can  only  be 
proceeded  idth.  so  jis  to  leave  the  corium  uninjured,   by   tlie    ciuplc»>'Tn'''nt 
menstruum  which  more  or  less  dissolves  and  causes  the  epidermis  to  swell  up. 
this  purpose  the  hides  are  usually  placed  in  lime-pit^t,  the  eifeci  of  the  lime  1 
partial  dissociation  Cm  an  aimtomiciil  sense)  of  the  epidermis,  so  Chut   it 
hairs  may  be  readily  removed  by  meclianieal  means. 

The  etTfi't  is  usually  obtahied  by — «r  Sweating;   ft.  Liming;    e.   Applic 
rusma  or  compounds  of  sulphuret  of  calcium. 

a.  A  semi-putrefuctive  fermentation  called  sweating  is  employed  in  tlio  ' 
thick  hides,  such  as  serve  for  sole  leutJier,  wluch  nre  not  placed  in  lime  owin^  lii| 
fact  tliat  it  Ciumot  be  completely  reuiovod,  and  would  render  tli«"  Leather 
The  operation  of  sweating  consists  in  placing  the  liides  one  ui><m  the  or " 
side  tunjed  inward  1  some  salt  ur  crude  wood  vinegar  having  been  lirst  1 
a  tank,  or  bi:tx,  which  can  be  closed  so  that  the  heat  generattHl  by  the  icrmmoU 
which  sets  in  may  be  confined  as  much  as  possible  to  aid  tlie  action.     As  eooa  1 
evolution  of  ammonia  is  perceptible,  the  hides  are  ready  for  the  rcmoral  of  Cbt  I 
wliich  is  shaved  off,  t<jgether  with  the  epidermis,  by  the  aid  of  tlie 
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Pmstead  or  cstiaing  um  frwSalaiig  tn  be  flone  by  fei-mpntfttioti,  tin?  liides  are  sometimes 
rliiMig  on  inrhs  in  nxiius  ♦ntluT  h<?at<?(!  by  m*^fins  of  stenm  or  by  fire,  A  ti^mperatiire 
r<5^3o  to  50^  should  bo  kept  up,  toKt^ther  uitli  a  ^txid  current  of  fel«Mriu  by  whk'h  the 
I  ei>iii€rmiB  is  thoi-oughly  s*>ft**iiwi.  In  rtrder  ta  prevent  any  injnry  to  the  coriiim,  the 
flikt^s  *re  sometimes  subnijttpd  to  what  may  he  t^rmt*d  a  cold  sweating  process. 
leonsstiiig:  essentially  in  pbicing  the  hideti  in  water-tiglit  tAttks,  in  wkieh  there  is  a 
^ei>iistant  current  of  fre^jh  wmtcjr,  Uie  temj^erature  being  kept  at  6^  (o  12^.  The  hides 
f  tlius  submitted  to  a  conjstautiy  moi^st  aLitiuHphere  becum^*,  after  six  Uy  twelve  day^, 
i  mitiiont  tiny  perceptible  putrefai'tirsn.  lilted  for  the  rLmovul  of  tli<!  epidermis  ond  hair 
I  U.  The  liming  *t{  tlio  hjdes  not  only  prepares  theni  for  the  removal  of  tlie  hnir,  but 
Imli^o  saponiJie^  the  fatty  iii at t^r;  and  tljough  iJio  lime  fyoap  thus  formed  is  insolublt;  in 
kfratef,  it  is  removed  by  eubtiequent  meehanieal  and  cheTnienl  operations.  The 
[  O^eraaan  of  liming  is  ciLrried  on  in  pita,  into  which,  along  with  milk  of  lime,  thi» 
I  hidc^  urt.'  placed  so  as  to  be  quite  covered.  Usually  several  Uhree  to  lt\'e}  pits  arc  in 
I  iMB  mt  ouce,  eucii  of  whioh  contains  a  dtffereDt  <|uantity  of  lime.  That  the  niilk  ot 
I  Ume  should  be  frequently  stirred  in  tliese  pits  is  of  course  evident.  The  hid<^8 
Iff^uifun  in  (be  Uine-pits  for  three  to  four  wutjks. 

I  c.  The  very  tliin  skins  of  tbti  smniler  animals  will  neither  sustain  sweating  nor 
llisniiig  and  are  therefore  treated   witU  msma,  a  salve-like  mixture  of  orpimpnt. 

I I  pjut  tvjtb  2  to  3  parts  of  slaked  lime.  By  tlie  rubbing  in  of  this  mixture  on  tlie 
I  Jaair  side  of  the  ski  us.  tlie  hairs  are  so  softened  as  to  make  their  removal  an  easy 
I  maitfr.  Bcittger  states  that  liydrosulpliiirL't  of  calcium  bus  the  same  effect:  hence 
kibe  lim*  of  the  purifiers  of  tJie  gas-works  has  been  o(  late  years  frequently  employed 
B^  tre«.ting  hided  aa  well  as  skina,  with  the  a4ditional  advantage  of  yielding  a  better 
Hsiiher. 

I  •irippuiffd«theH«4c  As  aooti  &&  the  hides  are  sulBciently  prepared  to  admit  of  the 
Bsnmnval  of  the  hair  and  epidermis^  they  are  filretehed  out  on  llic*  tree  and  the  integu- 
klBanta  peeled  qS  by  the  aid  of  the  blunt  dressing- knife.  In  order  to  give  tn^  the 
I dtVBBXDg-knife  a  better  grip,  tlie  worbnan  strews  some  line  sand  on  the  hide,  and  if 
■  lid  liM  U)  deal  witli  very  heavy  and  thick  hides,  uses  a  birge  and  rather  slutr|i  knife. 
I  When  the  hoif  aad  the  epidennis  Jmve  been  removed,  the  hides  are  again  washed  and 
I  maecmtiMi  in  water,  and  after  tliis  dressed ;  that  is  to  say,  reduced  as  much  as 
I  ptifiedble  to  an  et[ual  tliiclcuess,  while  the  waste — tail,  leg»  and  head  pieces — are  cut 
I  off  auid  tlie  hide  planed,  thereby  losing  some  to  to  12  per  cent  in  weight* 
I     »»auB«  ou  Hjdci.  The  aim  of  tliis  opemtion  is  to  remove  the  lime,  and  also  to 

I  render  the  corium  more  capable  of  readily  absorbing  the  tan  materinla.  Thin  end  is 
1  attained  by  phicing  tiie  hides  in  a  so-called  sour  bath,  made  of  rtfumi  malt  and 
I  bvan,  which  by  acid  fermentation  yields  aa  active  principles  proplutiic,  laotie,  and 
I  butyric  orids. 

I  Tlie  lime  is  removed  from  the  dressed  hides  ithen  placed  in  this  add  lifiuid,  and 
[  the  lime-soap  present  boooning  decomposed,  the  fatty  acids  tliua  set  free  tlonl  on  the 
I  BUriiu:«  of  tiie  liquid.  The  soluble  lime  salts  arc  oomplet*  ly  removed  from  the 
I  hide^  by  a  subsequent  thorough  washing  with  water.  The  thickness  of  the  hides  is 
I  doubled  by  the  swelling  action  of  tlie  acid  Uiiuid,  aided  by  the  mechanical  action  of 
I  tlic  earbame  acid  evolved  from  the  earlxmate  of  lime  deposited  within  the  fibres  of 
I  the  hides;  while  tlie  butyric  acid  fermentation  dit^tendn  the  libres  of  the  hides  by  the 
I  gIMes  thereby  evolved*  When  the  bides  Imve  not  been  treated  witli  lime  but  have 
I  keen    suhmiiled  to  a  '*  sweating, '    tJiey  do  not  require   the   acid    bath,   but   are 
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simply  pla^eil  tii  water  for  Uie  purpose  of  flw«lliiig  them, 
preferable  o\v'm^  to  it«  more  regular  lU'lion. 

Instead  of  UHiiig  ihe  preceding  mixture  for  the  purposes  of  rem*  ^ 
of  swelling  the  Uideti.  they  are  often  placed  in  ftcid  tan  lirjuor  (red  i- 
to  siiy,  ft  liquor  ooiitaiiiin^  eKimusted  ouk  bark  solution  whicli  im 
tftwniug;  this  liquor  apj>eara  to  contain  also  large  quantities  of  liictie 
acids*  The  ilressed  hides  are  first  placed  in  a  diluted  red  liqiii>r  and  then  xa  i 
stronger  hquor^  tliis  operation  taking  some  12  to  14  days.  Macbridc  asid  Scgnia 
have  proponed  U>  subHtiuite  very  dilute  snlphnnc  acid  (1  in  1500J,  but  alU>oqgbliy 
the  use  of  this  acid  the  iipt»nitiun  of  awelUug  is  rendered  far  more  rapid,  the  qoalitr 
of  the  leather  is  impaired.  I'husplMtea  and  iininial  exercta  which  conljun  i 
large  qimiitity  of  uric  acid,  such  as  that  of  dosi^  and  of  pigeons,  ha^e  been,  aodti 
tiiatiy  ca,ses  arc  still,  used  for  the  purpose  of  swelling  hides,  especially  skin^  i.4  Aki 
calves,  and  goat4S. 

Th*  TiwiiiJiif .  B.  Tlie  main  object  of  the  operations  just  described  is  in 
tlie  corium  as  much  as  possible  separated  from  the  other  integumenis  and  lextun* 
belonging  to  the  sliin.  and  next  to  render  the  connm  as  much  aa  possible  pcmieaBi 
by  the  liquor  iu  which  the  tannin-containing  vegetable  matter  ia  dissolved^  U 
practice  it  is  taken  for  granted  that  a  dry  Jnde  gtuns  one-third  in  weight  by  beU|f 
converted  into  leather,  consequently  it  absorbs  that  quantity  of  tamiiiu 

The  impregnation  of  tlie  tlbres  of  tlie  hide  or  skin  with  ttinnin  is  dE&olcdl^ 
different  methods*  viz.: — 

1.  By  phieing  the  hides  between  layers  of  oak  bark  chips  in  a  tank, 
tanning  in  the  bark  ;  or 

2.  By  immersing  the  hides,  first  iu  a  dUiite,  and  again  in  a  concentrated  «i|i 
infusion  of  oak  bark. 

Tktuiinf  la tive BArk.       I.  This  mode  of  tanning  i^  at  the  present  time  confined  tohcavr 
hides  intended  for  sole  katlier.     The  tanks  in  which  this  operadon  ii^^  carried  00 
made  of  wood,  either  oak  or  lir,  are  of  course  watertight,  and  are  usually  sunk 
the  soil.      Brick  cisterns  hned  with    cement  are  occasioiiHUy  used,  but  are 
tionable,  at  least  when  recently  built,  on  account  of  the  deterioratins^  aetioa  of 
lime  and  cement  upon  the  oak  bark^     In  some  ptirts  of  Germany  tanks  coi 
of  slubs  of  slate  or  sandstone  are  used.    Each  tank  has  suf&cient  capneity  to 
50  to  6c]  hidf^s.     On  the  bott^^m  of  the  tank  is  first  placed  a  layer  of  exhausted  \i 
ton,  and  upon  tliis  a  layer  of  t^ome  3  eentiinetn'S  in  thickness  of  fresh  bark, 
hide  with  the  hair  side  downsvArds,  again  a  layer  of  fresh  oak  bark,  and  again  a 
nlteniutely  until  the  tank  h  nearly  lilled,  care  being  taken  to  put  some  more  bafk 
the  tluckest  pnrt  of  the  hides,  and  to  Ell  not  only  all  interstices  with  bnrk^  but  1M» 
on   tlic    top   a   layer   of  some   30  centimetres   thickness  of  spent  tan,      W 
next  poured  into  the  tank  until  it  stands  a  few  centimetres  above  tlie  tapmoflt 
tliis  having  been  done,  a  lid^in  England   loose   planks — is  placed   on   the 
the  contents  of  which  are  left  undisturbed  for  some  tinie>     When  Vakotsa 
is  employed  with  the  oak  bark  only  half  the  quantity  of  the  latti?r  is  neeoSBAtj, 
The  hides  are  left  in  '*  thi"  first  bark"  for  8  to  10  weeks,  the  period  betnga 
sborteued  if  Valonia  Hour  is  also  used,     Before  all  the  tannin  has  bcn^n  abstirbed* 
feS  »  eonseqnencc  the  formation  of  volatile  and  odorous  acids  (valerianic,  bittyrk. 
I  comnieuced.  t!ie  hides  are  transferred  to  another  tank  and  again  pliiOfd  U4 
natii  layers  of  fresh  bark,  the  only  difiereucc  in  the  arrangement  being  tkat 
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Rrirflieed  on  the  top  fire  mw  hnd  at  tlie  bottom    of  the  tank, 

Che  hides  are  now  Irft  fur  tJirte  In  four  months,  so  as  to  tlioroii^'ljly  nhsorb  the 

Bin.     They  are  next  phkctU  for  some  f»>ur  to  five  nionihs  in  unoiher  tank  which 

ins  less  bfirfc.      In  the  case  of  very  heavy  and   thick  hides   tlie  process  is 

pefited  foiir  or  ev<?B  five  and  six  times.     The  quantkj  of  bark  required  for 

tibtaininj?  thorouj^lily  w«ll  tanned  leather  depends  partly  on  the  quality  of  thc>  bark, 

^nd  somewhat  on  the  condition  of  fho  hides.     Usually  (he  tiinnera  reckon  that  the 

Itiftntity  of  bark  required  amoniits  to  four  to  six  times  the  weight  of  the  dry  hides; 

ud  taking  the  weight  of  tliesv  at  an  average  of  20  kilos,^ 

For  the  first  tank  there  i^ill  be  required  40  kilos,  of  back. 
„      second  „        ,,        „  35  ,, 

t»      tliird  „        „        „  30  .> 

105  kilos,  of  bark, 

A  dried  and  weU-tanned  liide  weighs  abont  22  kilos  ,  or  10  to  13  percent  more  than 

tie  dry  raw  jiide,     A  thorougldy  tanned  hide  exhibits  when  cut  with  a  sharp  knife  a 

[form  texture  free  from  fleshy  or  horny  portions,  wliile  the  grain  on  the  hair  side 

liould  not  on  being  bent  slowly  exhibit  signs  of  cracking. 

'  ^fciiidnc  iJi Li4uor,       2.  Tho  tliiunur  Jiidea,  imd  indeed 'roost  skins  (when  tanned,  as 

^tiijguibhed  from  tawing),  are  plaet  d  in  infusions  of  tlie  tannin -containing  material. 

I'here  are  VHrious  methods  in  use  for  this  operation,  whieh  is  banded  miunly  upon  a 

horough  uniform  swelling  of  tlie  hides,  so  that  when  these  are  placed  in  weak 

i^uurs  the  laimin  inay  penetnite  readily  and  uniformly.     The  hides  are,  in  hci,  very 

lually  tanned.     When  trtnen  from  a  liqut3r  the  fluid  is  forced  by  mechanical 

a«Ans  out    of   the   hides  belore  tliey  are  placed  in  a  strf>nger  Uquor,  this  liquor 

ptng  obtaine^l  by  exhausting  die  tanning  materials  by  the  aid  of  cold  water.     The 

iiuner  kind»  of  hides  are  tiioruughly  tanned  in  seven  to  eight,  tlie  lieavier  hides  in 

ftleven  to  tliirteen  weekri- 

Qttick  Tanninir.       Mauv    mcthods — some    quite    impracticable     and    most    of     tliem 

lioroughly  irrational — have  been  proposed  for  converting  hides  into  leatlier  in  a  very 

trme.     Of  these  different  metliods  w^e  briefly  mention  the  following : — r.  The 

r  is  simply  placed  in  an  infusion  of  the  tannin-containing  material — Macbride's 

^roce>%5,  improved  by  Segmn  (1792)*   Application  of  hydrostatic  pressure  to  force  the 

liqiior  through  the  hides,  kept  from  contact  with  each  other  by  a  t^tout  woollen 

sue.     2.  Circulation  of  the  tannin-containing  fluid,  several  tanks  being  connected 

ogether  by  means  of  pipes,  and  the  liquor  being  forced  through  the  tanks  by  means 

pumps  (Ogereau,  Sterlingue,  and  TumbuH's  metltods,     3.  The  hides  are  sewn 

og<U)ier  so  as  to  form  sacks,  which  are  filled  with  oak  bark  chips  and  water  and  then 

placed  in  an  aqueous  solotion  of  cutch,  to  which,  in  order  to  increase  its  specifio 

dty.   cotirse   molasses   is   added — TurnbuH's   method    by   increaised   endosinnse. 

it  the  time  this  mode  of  proceeding  was  brought  forward,  the  diffusion  of  liquids 

by  dialysis    (discovered  by  Graliam  in    i86t)    was  unknown.      4.   Motion   of  the 

idea    in    the    tiuinincontitiniiig    liquids,  the    hides  being  placed  in  a  cylinder 

ii»tructed  of  wooden   Inihs   so  as   to  leave   open   spaces  between  them.     This 

rlinder  is  immersed  hori/untaliy  in  the  liquid  to  a  greater  or  less  depth,  so  that  in 

tvcry^  revolution  tlie  hides  are  alternately  in  and  out  of  the  liquid^Brown,  Squirif* 

C*  Knoderer's  methods.     5.  Application  of  mechanical  pressure  to  tlie  hides, 
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wliich  having  been  from  time  to  time  removed  from  the  tanning  taoks^  cjt*  pbcf4 
upou  perfurated  pluiiki».  aud  tiiilier  pre&dcd  muler  a  heavy  ri>Uef  of  Are  placed  in  a 
pre«8 — Jones,  Nossittr,  Cox,  and  HerapftUi's  method.  6.  AppUcttUati  of  hydroitjatc 
pretibure  fur  tlie  purpttse  of  cuubing  tlie  tan-Uqnor  to  peuetrutt?  th^  hidet.  vlufit  iiif 
j»ewn  together  so  as  to  form  lm^>i,  which  having  been  lilied  witii  onk  Iwirk  U^tior*  iirt 
jdaced  in  suitably  C(^i»trac(ed  vcsaelst  &o  Uiat  hydrauhe  presstire  tuay  lie  «p|ili«4 
mtliout  fear  of  bursting  the  liaga ;  or  the  hides  ore  fnstened  by  means  of  aerewi  umk 
bolts,  placed  in  a  frame  work  wMeh  is  immersed  in  a  well-const  meted  cifitt*m  SlU/pI 
with  tan-hquor,  liydraiihc  preBsiire  bcun|4  apphcd  —  I>rak<%  Chaplin,  and  Saott'lai 
methods.  7.  Snyder's  metlifxi  of  pifuctatioB^  consisting  in  jK-rforaliDg  th*»  hide  «ira 
its  whole  surface,  the  ptinctation  h*nn^  efTi^eled  by  sharp  needles,  so  as  tti  cont^tfito 
artirieifll  p>res.  The  experiments  of  Knapp  have  proved  the  thorough  irratitinslitx 
of  this  plan,  it  hating  been  found  that  the  hide  is  so  pennettble  to  taaniii'liqQar  tfcit 
a  piece  of  calf-skin  when  placet!  in  a  solution  of  tannin  of  the  consistency  of  sjniy 
is  thorou^ilily  well  tanned  in  Hhoot  an  hours  time.  8.  Apphcation  of  a  ra 
by  placin^T  the  hides  in  a  vttasel  from  which  the  air  may  be  withdrawn  by  ib«  1 
air-pumps  ;  tan-iic|uor  having  been  forced  into  the  vessel,  tJie  air  is  re-admilted  1 
ttjjain  withdrawn — Knowly  aud  Knewsbury's  plan,  Knoilerer  hss  reoently  ioM 
that  by  a  judicious  combination  of  the  vacunni  method,  followed  by  motion  ml 
fullhig  of  the  hides  in  the  tart-liquor,  the  operatiou  of  tanning  is  much  dion 
The  reader  should  bear  in  mind  tliat  tlie  methods  here  alluded  to  «r«  Jiol  lot 
in  general  u»e. 

^'ti.Viriw'?*"'        ^Vlien    the    hides    have  been  converted    into    leather   \^, 
processes  described*  they  are  not  by  an3'  means  fit  for  use  nor  ready  for  \ 
a  finialied  materials  but  rc^iuire  to  l>e  dresse*!,  or,  as  it  is  technically  termed.! 
an  optfration  not  necessarily  pi^rformed  by  the  tanner — at  least,  nc+ver  so  in 
and   France,      llie  several   operations  are  not  similar  for  all   kinds  of 
hot  dejM^nd  to  some  extent  upon  llie  use  to  wliich  it  is  intended  to  be   put, 
instance*  sole   leather  id    subrailted    simply  to  a  process  the   object   of   »k 
to  render  it  sufficiently  stiff  and  conipiu;!.  so  as  not  to  alter  its;  idmpe  by  \rear 

Sole  i.riiih«r-       The  dressing  or  curriiiig  of  this  kind  of  leatlieT  constsls  mainly  in  wvlk 
mitijug  it   to   a  mcchajiieal   opt-rali(»u   of  htuumering,   by  which    the   luater 
rendered  more  compacL    As  soon,  therefore,  as  the  hides  are  taken  from  ^ht  \ 
tanks,  the  adhering  sywui  tan  is  bruslied  off  with  a  broom,  after  nhich  tbc 
is  dried  in  a  cool  place,  and  whim  dr}'  hiiiX  Aat  upon  a  polished  stone  slab« 
beat^ji  x\iih  W4i«)dtn  or  iren  hiiuimcrs.  au  operation  in  large  establitditmaits  : 
formed  by  hammers  moved  by  muchiut-ry. 

upiKj  i^oirr.       The  dressing  of   this  kind  of  h-alhcr,  cliicfly  used  by  sadlcfs  I 
boot  and  sho<}  maimers,  is  a  far  more  complieattnl  process,  and  depends  in 
measure  on  the  use  for  which  the  leatlier  ib  intended.    The  iirst  of  th«se  opt^rmti 

Th*  PHHna.  the  piiring  or  whitening,  which  means  the  cutting  away,  by  tti«  aid  { 
tanu^fr's  shit v Lag  knife,   of  all  por(ii»ns  of   tlie  hide  which  are  too  tliiek«  %o 
the  whole  hide  may  be  made   of  uuiform   thickness.     Thiii  operation   is  ca 
on   upo!i  tlio  tanner's    "  woodcu   h'^. "    t!ie  liide   bciug   placed   w  iLh    the  bair-d 
downwards.       When  goat,   haiib»   sheep,  or   ealf-sikins  are   to   be   [>ar»*d»   tlicy  | 
placed  on    a  polished  slab  of  marble,  and  having  been  well  stidttdmi    i\w  rairl 
projecting  paxts  are  cut  off  with  tJie  tatmer's  shaviug-kniie. 
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iorsni«.twr.e.       Tljp  ftim  of  tliis  opcrafirtii  is  similar  to  thiit  of  the  former, 
» pfU"ticulnrlr  \h  ii-niployed  in  the  Ciise  of  leather  intendt-d  f^:)r  iiinkiiijjf  ^doves. 
ieatber  is  first  drieii  wnii  next  ftxeid  on  tlie  '*  |ierching-stick,"  one  eud  of  the  skin 
nisg  {fee,  the  other  b^ing  tokeE  hold  of  by  the  operator  witli  a  psiir  of  forcrps. 
lift  ikin  having  been  stretched,  t!ie  perch  in  g-kiiif«,  it  luf(hlj  polished  &oinewhat 
steel  disc  of  18  ttj  ^o  centims.  diumeter,  and  provided  in  the  centre  with  aa 
Dg  fitted  wiih  a  pitKie  of  leatlior  serving  j\s  a  handle,  is  brought  into  uge, 
^'portions  of  the  skiu  wliich  reiiuire  to  be  pared  olf  being  usually  indicated  by 
tig  rubbed  over  with  chnlk. 

«Aiwr.  As  in  consequence  of  the  drying  of  the  leatlier  the  grain  has 
f  flal,  smooth,  and  uneffuah  it  is  raised  by  au  operation  performed  by  means  of 
p«>niiu«l.  also  termed  the  graining-  or  crimping- hoard,  a  piece  of  hard  wood 
>  reiitimfi,  ill  length  by  10  to  12  centims.  breadth,  dat  and  smooth  on  tlte  top.  but  on 
opposite  side,  in  U»e  direction  of  tlie  lengthy  somewhat  curved,  so  ihiil  it  is 
ickest  in  the  mid^lle,  this  part  being  provided  witli  parallel  notches,  which  are 
cnsionaliy  shaqicned  bv  means  of  a  lile ;  a  leather  strap  is  fastened  to  Urn  top  as  ft 
lie.  The  leatiier  to  be  gnkined,  having  boen  placed  on  ilie  dressing-table,  ia 
fileiatd  to  the  edge  of  Uic  wooden  bonrd  by  means  of  iron  damps,  ami  those  portions 
^tke  leather,  tlie  grain  of  'which  hss  to  be  raised,  having  been  somewhat  bent,  are 
^bbed  with  the  pommel  so  as  to  render  tlie  grain  unifornjly  visible, 

fmiih  pamic  siooe.       Sucli  kindft  of  Idji tiler  as  require  no  grain  ifor  instance,  the 

'  used  in  carding  machines)  after  having  been  pared,  are  ainislencd  mnd  then 

I  over  on  b«>th  sides  with  pumice-stone,  being  tlius  rendered  smooth  ;  while 

which  requires  a  higher  gloss,  such  as  the  cohmrod  leathers,  are  treated  with 

f^S^li^c*^^  »•  po"i™<?l  made  of  cork,  by  which  the  leather  is  caused  to 

a  velvety  appearance.     Again,  if  a  still  higher  gloss  is  required,  ihe  leatlier 

j^JJ'iJ^**'''  is    iirst    smoothed,    or   rather   ironed,    with   iron   or    copper 

•,**  &nd  next  poUwhed  with  glass  sleekers,  a  stout  cyUndrical  piece  of  glass, 

M  metre  in  length  by  it>  fientiins.  diajneter,  the  leather  beiJig  placed  on  a  tanner's 

w«^iden*leg.     Leather  intended  for  sjiddles,  in  order  to  impart  to   it   the 

ftixce  natural  to  hog's  leather,  is  passed  through  roUerSi  the  surfaces  of  which 

provided  with  blunt  xjoints,  wliich,  being  forced  into  tlie  leather,  give  to  it  tho 

Birred  uppeiiTanee, 

tot       In  order  to  remove  from  the  leather  any  creases  and  other  inequalities 
,  it  is  damped^  and  then  smoothed  wiLli  a  flattening -iron,  or,  if  the  skins  are 
with  tt  piece  of  horn  provided  with  blunt  teelli. 

When  the  upper  leather  ia  required  to  be  very  supple  and  soft,  it  ia 

I ;  that  is  to  say,  it  is  rubbed  with  a  mixture  of  fishoil  and  tallow,  or  better, 

;  the  peculiarly  modified  Jish-oil  which  Jioij  been  used  in  *'  chanioiaing,"  hanng 

en  recovered  by  the  aid  of  a  solution  of  potJish  from  the  chamois  leu  1  her  skins. 

lie  hides  to  be  greased  are  first  moistened,  and  having  been  rubbed  with  the  greasy 

er,  ore  dried  in  heated  rooms,  so  that  the  fittty  materials,  by  actually  combining 

ith  tJie  hides,  become,  as  it  were,  tanned  and  tawed  at  tlie  same  time.     The  greasing 

Ihtxrefore  not  simply  an  operation  of  dressing,  but  in  reality  a  second  tanning 

txnicaUy  tawing  t  process, 

Tlie  black  colour  usnajly  seen  on  tho  surface  of  leather  required  for  saddlery  and 

»ot-making    is  imparted  to  the  hides  by  nibbing  them  with  a  fresh  soluliim  of 

.  b&rk  and  then  sponging  them  over  with  a  solution  of  copperas  to  which  sorao 
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blue  vitrio]  has  been  added ;  the  hides  are  then  agaio  drns^rd*  and  Ustlj 
^th  a  paste  mude  of  fiah-oil,  tnUow,  himp^hlack,  yellow  wnx.  soup,  tuxd  eoppcnu^ Ut^ 
object  i>f  tliis  apemtiuii  being  to  pr«»tect  the  leuther  from  thu  uijutious  dfuets  of  the 
8lloe'blH<■kin;,^  which  iisiisiUy  oontahis  sulphuric  acid.  (For  a  shoe-blaekiiig  witiioiit 
acid  see  **  (•lit'tnioal  News/*  vol.  xxiv.,  p.  120),  Finally,  the  leather  is  paiiil«4  « 
brushed  over  with  ft  mixed  tallow  and  ^lue  solution,  and  then,  having  be^ti 
again  v^itli  ^lass.  i^  rendy  for  B»le.  In  order  to  keep  leather  supple  and  soil,  it 
to  rub  it  wil!i  a  mixture  of  fish-oil  nnJ  lard. 

Vafu.  aa»M*  Lcsthw.       Uudcr  the  utiTiie  of  yufta  is  underBtikod  a  peculiar 
lefttherp  usunlly  of  m  red  or  bhick  ctdoiir,  whirh  is  very  wattTtif^ht  and  stroQg. 
kind  of  leather  usrd  to  he  made  exeluiively  iti  Ru^isiu,  whence  it  iB  obtaiAed  IB 
qunntity,  the  name  Ix^int*^  derived  from  the  Russian  Jufti,  signifying  a  paix^  lal 
apparently  due  to  the  fftjet  that  in  tanning  the  hides  are  sewed  tc^getlier  ia 
The  hides  usually  prepared  for  HuBsia  lentlier  are  those  of  young  cattle; 
however,  the  hides  of  horses  and  the  skins  of  sheep,  goats,  and  calves  are  cm| 
The  operfitious  for  preparinj^  yufti  are  : — i.  The  cleansing  uf  the  hides,  pei 
the  usual  manner  with  lime,     2.  The  swelliupf  of  the  hides  in  an  aeid  batli 
witli  malt,  exhausted  tan -liquor,  or  with  k«schka  (excreta  of  dogs  rubbed  ap 
water).    3.  The  tauning.  not  performed  with  oak  bark,  but  with  the  harks  mC 
Muds  of  willows,  fir  and  bir<^h  bark  also  beinj?  used.     The  dressed  hides  1 
placed  for  some  days  in  partly  exhausted  bark,  and  are  then  put  into   Iha 
tanks   along   w\ih    hark    (as   above  described),  or  are  sonsetimes  placed  in  • 
infuHion  of  the  tnnnin-eontaining  materials.     The  tanniufj  <'f#ntinMPS  for  fire  lo 
weeks,     4,  Tne  tanned  hides  are  placer!  on  the  phining-block  for  the  pnrpost  d 
draininj^,  and  arc  next  imprecated  with  dhfffut  or  ehu  fieri,  oil  of  birch,  o' 
a  process  of  dry  distilLition  from  birch  wood.     This  oil  contains  ereci!S»>t4».  phi 
a  peculiar  kind  according  to  Louginine),  and  paraflSn,     It  is  rubbed  into  the  htd( 
the  fle«h   side,  and  when  tlioroughly    impregnated  they   are  &treto)ied   until 
become  soft  and  supple.     The  hides  are  next  nihhed  on  the  hair  side  with  a  m] 
of  alum,  and  Uten  grained  and  dried.     The  dry  hides  are  dyed  in  paint,  sewn  f- 
BO  as  to  form  a  sack,  into  which  a  decoction  of  dye  material  is  ponred. 
a  red  colour  is  desired,  the  dye  is  prepared  from  sandal  wtvod,  there  h»i&|p 
to  the  former  lime-water,    to   the  latter  some  potash  or  sodn.      In   mai^ 
metliods  the  hiilet?  are  dyed  by  being  bnishcd  over  five  or  six  limes  vritJi  th<» 
materiaL     Tlie  drylialher  is  finally  dressed  by  the  mechanical  operutions  pr»' 
described.     The  use  of  yufta   far  book-binding  and  othor  puip^sea  is  wrll 
Owing  to  the  erapyreumatic  oil  with  wliich  tlus  kind  of  k^ather  is   iiupi 
insects  do  not  attack  it, 

V  rKooirfftthw.       By  morocco  leather  is  understood  a  kind  of  leather  whidi. 
geuuiue,  is  obtained  from  goat  or  kid  skins,  is  very  sofH,  ekstie,  highly  colour^, 
not    lacquered.       We   distinguish   between  genuitw    morocco    and    tliw    iiiiti 
pbtained  by  tlie  splitting  of  calf,  sheep,  and  other  skins,  as  chieily  enipk»yed 
binding, 

Tlie  preparing  of  morocco  leather  is  undoubtedly  one  of  the  many  in< 
discoveries  of  the  Saracens ;  even  at  the  present  day  a  great  deal  of  morocco  lei 
is  made  by  their  deBcendtints  in  Northern  Africa  and  in  the  Levant.     The  pi 
tion  of  good  morocco  leatlier  requires  very  great  care,  and  especially  as  regards 
^  preliminar)^  operations.     The  skiufi  are  deprived  of  the  hair  by  the  aid  of  lime 
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BPiating.  The  tanning  material  in  generaj  use  is  enmac,  the  skins  being  sewn  up 
H|to  to  form  sacks  into  whu-ii  water  is  poured  togetUer  witli  pulverised  sumac  ;  by 
BiIb  mode  of  em  ploy  in  |t  die  laiimug  malter  the  operatiou  is  finished  in  three  dnys. 
Calf  and"  sheep  akin  are  very  geiiendly  tanned  in  England  by  the  same  method. 
EThe  dyeing  of  morocco  leather  i^  not  performed  in  the  Oriental  conntriea ;  the  dry 
burned  skina  are  exported  under  Oie  name  of  Me&cliin  leaUier  {etiir  en  croute^)  to  be 
iyed  and  dressed  iu  Europe. 

[  i>tes4ji(  )ion«eo  Lf«iiMf,  The  skiiis  are  dyed  and  next  dressed.  The  dyeing  is  per* 
formed — («)  by  means  of  the  ilye-vat  (fur  genuine  morocco),  or  (/3)  with  the 
lirush  (for  imitation  morocco),  a.  Tlie  operatiou  of  dyeing  witli  iJie  val  is  pedonned  J 
fai  a  tmall  trough  large  enough  to  hold  one  skin,  and  fdled  with  dye  liquor  al  6o*1 
Bom  a  larger  tank.  Tlie  wurkinan  pours  in  iio  more  of  the  dye  material  tlian  can  be 
■onveiuently  absorbed  by  the  skin»  whicli  is  condnually  moved  to  and  fro.  The 
llyed  skins  are  laid  out  flat,  and  from  two  to  four  dozen  placed  ontj  upon  the  other. 
n*be  dveing  operation  is  rcp*»ated  several  i  three  to  five)  times,  care  being  taken  to 
nun  tiie  heap  over  so  that  the  undermost  skin  is  placed  on  the  tap  of  the  heap 
■revioos  to  b^^^niming  the  dyeing  operation  again.  The  dyed  skins  are  washed  in 
hrnter  and  next  <lressed.  ^,  The  imitation  moroeco  is  dyed  by  the  dye-liqur^r  being 
ttniformly  brasbed  over  tlie  skins ;  these  having  been  first  stretelied  on  a  table,  the 
iye-liqnor  is  brushed  over  more  Umn  once  so  as  to  produce  a  uniform  hue.  The 
meet  of  the  dyeing'  is  gieatly  enhanced  by  the  dri^s.sing  of  the  skins  nod  the  fine 
niAiii  given  to  them.  The  dyed  skins  are  first  rubi^^d  on  the  hair-side  with  linseed 
lU  applied  by  means  of  a  pieet;  of  llanneh  The  calendering  or  glazing  by  machinery 
B  tlie  next  operation,  after  which  the  peculiar  appearance  of  the  suffaee  is  impartetl 
^jneans  of  strong  pressure  or  so-called  platting.  Yellow  skins  are  not  glazed, 
Ptmae  tJieir  coloiur  would  tJie reby  become  a  brown.  The  aniline  colours  are  now 
Jtfgely  employed  in  dyeing  skins,  j 

L439fdw»u».  c^ini*»«n  i^owt-       Tliis  di^ers   from  morocco  only  by  being  prepared   froml 
heftT/  sldtis,  and  by  retaining  its  natural  grain  or  not  being  platted*    It  is  usually 
hi«i  with  dyed  red.  yellow,  or  black. 

Lg^otMwrai  Mathffc  Thii^  kind  of  leather,  now  largely  used  by  conch-builders  and  for 
■kftking  shoes,  boots*  hehnets  and  cither  military  accoutrements,  is  an  invention  of 
bie  present  time,  its  great  merit  being  its  property  of  resisting  water,  and  in  being 
|llip|>ie  and  soft,  whih*  the  laequer,  if  well  Imd  on,  should  n*)t  crack  nor  peel  off. 
Duly  blac'k  liicquered  leather  is  generally  met  with.  On  tlie  tanned,  rarely  tawed, 
pid&i  whieh  has  not  been  greased,  is  very  uniformly  laid  a  varnisli,  which  is  thick 
|Kid  tough  wliile  cold  but  thinly  fluid  when  wann  ;  this$  having  been  done,  the  liide 
HI  placed  in  a  brick-built  stove  kept  at  50'',  where  the  varnisli  dries  after  having 
JMeome  so  tluid  as  to  run  uniformly  over  tlie  surface  of  the  leather,  whieh  in  placed 
■iiite  horizontally.  The  coloured  lacquers  are  generally  more  thinly  fluid  and  are 
Iried  at  a  lower  temperature.  The  hides  childly  used  for  kcquering  are  cow-hides; 
Bff  A  Uiin  bide  is  obtained  by  fc;plittiug  thick  iiid«s  and  lacquering  them. 
^mffhe  Itratlier  in  use  l»y  piaiu^forte-niakers  for  covering  the  hiinimers  is  prepared  by 
Efcocess  usually  kept  a  trade  secret.  This  kind  of  leather  requires  to  be  soft  and 
very  eJastic.  All  tlnd  is  known  about  the  process  of  preparing  this  materinl  is  that 
ll  is  obtaiued  by  taaning  and  tawing  jchamoising)  combined  ;  tJie  hnir  having  been 
bemoved,  but  not  Uie  epidi>nniH,  the  hide  ia  first  fulled  In  oil,  then  washed  in  ley, 
pleached  in  the  &un,  and  next  tanned  in  a  tepid  oak  bark  infusion.     Danish  leather 
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w  prepared  by  tanning  sheop«  goat^  kid,  and  lamb  skins  with  wtUow  IheHc:  mA. 
leather  being  clii«*ily  uaed  for  gloves.  It  is  distinguiahed  by  its  stvength,  suppleneas, 
and  bright  colour. 


White  t^enihet. 


n.  Tawing, 
This  mode  of   preparing  leather  is  based  upon  the  peeti&^ 
action  of  the  suits  of  alumina  ujion  5kiiis«  not  hides  genemUy. 

Ft>nr  modLfi cations  of  tawing  are  known,  viz.: — i.  Common  tawing. 
operation  extends  only  to  thin  skins^  such  as  sheep  and  goat  skin,  4cc ,  wfaitsb  i 
treated  only  i.vith  aluoi  and  common  salt  witliout  tho  application  of  oiL  2>  Un 
rian  tawing  process.  Heavier  hides  not  treated  with  lime  are  tavred  And 
cliaiuoised.  Klemni  h  method  of  preparing  ftitty  leather  is  somewliat  similar  Ufhli 
treatment.  3.  Tlie  French  or  Erlangcr  tawing  method,  by  which  th«  akiiis  in 
prepared  for  glo\'e-leatlier.  4.  TawiDg  by  the  aid  of  insolubte  fioapii,  aceordiof  te 
Knapp's  suggestion. 

GommoQ Taviog,       I.  The  tawer  obtains  sheep  skin,  or  occasionally  goat  Rkin, 
with  the  wool  ofiTor  *'  in  the  wool^"  as  the  term  runs,  in  the  latter  caso  grevUiri 
being  required,  because  tlie  value  of  the  wool,  which,  by  careful  working  i 
obtained  in  good  condition,  refundi^  n  considerable  portion  of  the  expense  of  ( 
oi)eratioQ  by  its  b^c.    The  various  operations  of  tawing  are  in  a  oertidn 
aimiliir  to  tliose  of  tanning. 

The  stcepini:?  and  planing  is  carried  on  as  in  tlie  tanning  process.     The  ' 
places  ten  skius  on  the  phmirigtree,  and  dresses  each  ^kin  witli  the  dres«ing*li 
tlie  hulr  as  well  as  on  the  Hesh  side  ;  next  the  wool  or  hair  is  shared  off  fifter  the  i 
have  been  first  treated  with  the  lime;   but  when  "  in  th^  wool  "  the  skins  tir»i 
with  thin  lime- water,  which  is  laid  on  the  tleiih  side  of  tlie  skin  by  a  bnnsh  1 
cows-hair,  so  Unit  the  wool  is  not  brought  into  contact  with  lime.     The  wwlf 
removed,  not  by  a  platiing-iron,  but  by  nieirns  of  a  piiice  of  ivood  somewbiit  aharpenk^ 
The  wool  having  been  removed,  the  skins  are  brushed  over  with  a  mixture  of  e^»i 
parts  of  lime  and  sifted  ashes  ;  next  the  head  and  leg  ^stripe   of  tlie  ekin  AretQin»i 
inside*     Eueh  ^kin  is  tJini  fnl<l<:'d  togt-ther  and  beaten,  in  order  to  prevent* the  ' 
being  touched  by  tije  lime.     The  Hkiaa  are  letlt  in  tliis  eoDilition  for  eight  to  I 
until  the  wool  is  loosened.  The  tskius  are  next  thoroughly  washed  on  the  fie 
well  as  on  the  woo!  side  in  order  £0  remove  the  lime  and  dirt ;  this  haT 
done  the  wool  is  partly  pulled  off  by  tlie  liands^  paitly  removed  by  a  blunt  1 
The  skins  thus  deprived  of  wool  are  placed  in  the  lime-pit  and  furtht 
jual  desmhi'd.     In  order  lo  remove   the  paste  adheiing  to  the  skins 
being  removed,  plaeed  in  a  tank^  where,  oinng  to  the  quantity  of  anioii&l 
dissolved   in  tlje  water,  a  fermentation  has  arisen   aecompanied  by  an 
of  ammonia.     By  the  action  of  this  alkali  a  large  portion  of  the  fatty  matl4pr  i 
tftined  in  the  skins  is  reniove<l.     After  being  taken  from  the  lime-pit  the  1 
plared  on  the  dresser's  block,  and  some  parts,  such  as  tlie  ears,  skin  of  Uul, 
of  ti>p  part  of  chest,  cnl  off  and  thrown  aside  for  tlie  glueboilfr.     TJie  -I 
over  night  to  souk  in  water,  and  tlien  again  placed  nn  tli©  dressing- blo«^ 
be  planed  with  a  blunt  iron  on  botJi  aides  of  the  skin;  Uiis  opemtinu  la  » 
after   tJie  skins   have   been   placed   in   a   ttuik  containing  water,  and  wlui 
Ihoroughly  beaten  with  a  heavy  wooden  *'  possing-stick  **  in  order  to  remore  Im^ 

Itiie  subsequent  idnning  the  lime  and  lime-soap  at%  forced  out,  and  any  wool  thtt 
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I  ^^imiLmed  shared  off.    In  order  to  dijiaolve  iJie  lost  tracvs  of  bine  tlie  iikios  are 

pd  in  an  a(*id-taiik  contaming  bran  and  waUT»  in  whicJi  by  iVnueiitatiuii  lactk 

j  ;aceti<"  acid  htivc  been  farmed.     Tli«?8e  acitb  <xnivert  ilw  lime  of  lli*-  aUm^  into 

hie  mdis,  while  the  process  causes  the  gwellin^  of  the  nkiiJii,  wiiii'h  [hnn  (»t<'ome 

er  ailapted  to  absorb  the  tanning  jnttti-riuis.     The  akius*  reiuitiu  in  the  liimrUuk 

\vfo  to  three  days.     The  tanning  maUfrial  cotJSiistfei  for  t  dii^ker  (=  lo  tJviJia*  «*f 

tltim  ley,  con tiuuing  0*75  kilo,  of  cilmu,  o  30  kila  of  common  suit  dissolved  in 

^  litres  of  boiling  water,      i  litre  of  tluji  liquid  is  poured  into  a  irougJi*  and 

I  ng  become  tepid,  each  akin  is  separately  tliorouglily  washed  with  and  aoaked  in 

i  Eld  then  put  juiide  without  h&'mg  uriing  nut,  tlie  skius  being  placed  one  upon  the 

I  |r  80  as  to  form  a  heap,     Ahvr  lying  thus  for  two  or  three  dnjs,  tlie  fekins  are 

Hg  out  and  hung  up  to  dry  Jilovvjy  by  exposure  to  air. 

regards  the  theory  of  the  aeliou  of  tlie  alum  ley  iu  the  tawing  operation,  it  wafl 

erly  believed  that  ijnly  the  chloride  of  aluminium — foniiod  by  dt>ublc  deconipo- 

i  between  Ute  constituents  of  tlie  common  salt  and  tiie  Bulphate  of  ahujiina  of 

lum  (tlie  alkaline  gnlplmtes  being  considered  ujsele&a) — wata  active,  and  that  a 

cldoride  of  aluminium    (alu  mini  urn    oxycldoridej    cambined   witli  the  akin, 

being   left  in   fiolution  liydroclilorate  of  almidna.     It  was  aUo  known  that 

^of  alumina,  if  used  iribiead  of  alum  ley,  was  quite  as  active  and  yielded  excel- 

Its.     Tlie   experimeuta  made  by  Dr.  Kiiapp,  sen.,  witli  alum,  acetate  of 

na.  and  chloride  of  aluminium,  have  proved  tliat  no  deciimpofiition  eiisuea 

the  alimiiiiium  salt  is  taken  up  by  the  skin,  tlie  quantity  taken  up  being  for  the 

aeintioncd  salts  as  follows  : — 

Of  alum        *.       6  5  per  cent 

Of  sulphate  of  alumina      279    »,      „ 

Of  chloride  of  (du  minium  ..*     .*.     *,.     273    „      „ 
Of  acetate  of  alumina ,     233    ,»      „ 

|ie  alumina  salts  do  not,  howeverp  cond>ine  with  skin  under  all  conditions  in  the 
I  quantity  as  just  mentioned,  m  experience  proves  that  the  skins  absorb  more 
I  placed  in  conceot rated  than  when  in  dilute  solutions.  Aa  regards  Oie  part 
^  by  the  common  salt  iJi  the  preparation  of  the  alum  ley,  the  salt  is  not  titer© 
iJy  lo  bring  about  tlie   couver-sion   of  the  alumina   sulphate   into   cldoride  of 

I  linium  (recent  experiments  made  by  Knapp  in  1866  have  proved  that  by 
toying  I  atom  of  pot^ish  alum  and  3  atoms  of  common  salt  =  37  per  cent,  no 

I  lal  drjcompstsition  ensues),  but  tlie  salt  is  in  tliis  process  active  by  itself,  partly 
ig  dialytically  the  action  of  the  alum,  partly  owing  to  its  property — possessed 
bj  alcohol — of  withilrawing  from  animal  tissxies  the  water  they  contain  sulfi- 
Ely  to  prevent  the  fibres  to  become  glued  together  by  the  drjiug  of  the  BulHjlance, 
|rromoting  the  formation  of  leatlier.  The  dry  and  tavvetl  skins  will  be  found  to 
I  b«>come  shmnken  and  stiff,  having  lost  much  of  their  suppleness  and  flexibility. 
rder  to  remedy  these  defects  the  skins  previously  damped  witli  water  are  sub- 
n1  to  a  mechanical  operation,  being  placed  on  the  convex  side  of  a  curved  iron, 
Itretched  by  being  drawn  between  Una  fixed  iron  and  a  movable  steel  plate, 
!i  is  fitted  closely  upon  the  other.  After  having  been  thus  softened,  the  skins 
llretcJied  on  a  frame  for  some  time  to  become  tlry.  Wien  drj'-  they  are  ready  for 
'the  leatlier  thus  obtained  being  largely  used  under  the  name  of  white-skins  for 
Ining  of  boots  and  shoes. 
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HunfBTiss  Tswinfl  wo««u.  2.  Tlus  process  IS  dlstiitgimhed  from  that  ja^ 
inasinneh  as  tlie  heoxy  hides  of  oxen,  bufffilai's,  cow9«  horses,  &e ,  are  iiia4e  tslo 
leattier  for  saddlery  and  other  ptirposesi  while  sunictimes  also  tlic  skins  of  irUd  boan 
and  of  other  amnials  are  tiiua  tawed  for  making  ftail  strings,  *£lic  raw  hides  art  fial 
soaked  in  water  to  remove  blood  and  impurities.  Next  tlie  hair  is  eJiiived  off  hf 
meaofl  of  a  sharp  knife.  This  uperiLtion  perturmed,  the  hides  are  put  into  \ 
ley,  whidi  for  a  liide  weigtiinjg'  25  kilos,,  consists  of  3  kilos,  of  alum.  3  of  oon 
and  20  litres  of  hot  water.  This  liquor  when  tepid  is  poured  into  an  ellip 
in  which  the  hide  is  placed. 

One  of  the  workmen  then  jumps  into  the  tub  and  by  moving  the  hide  about  \ 
his  feet  soaks  it  thoroughly  with  tlie  liquor,  in  wliieh  it  is  then  left  for  at  least  i 
days,  the  operation  of  treading  with  the  feet  being  repeated.     The  hide  is  now  I 
from  Oia  tub  and  hung  up  to  dry,  and  when  dry  is  stretched  and  •*  failed **  IQ 
Oie  following  metliod :— The  hide  is  warmed  by  being  held  over  a  charcoal  fir*,  1 
when  warm  is  rubbed  on  the  hair  as  well  as  on  the  tiesh  side  with  molten  i 
wJuch  some  3  Idlos.  are  used  for  eveiy  hide.    When  tliirty  hides  have  bc«i  1 
treated,  they  are  one  by  one  a^in  held  and  moved  to  and  fro  over  the  fire,  and  | 
hung  up  in  the  open  air  to  diy.     The  tallow  partly  combines  with  the  hide. 

The  Itiilea  thus  prepared  are  converted  into  a  leather  of  excellent  quality,  esp 
suited  for  tlie  harness  of  horses  and  saildlery  work  of  a  more  commcm 
wliich,  as  in  tliat  used  for  artillery  horses,  great  strength  is  required.     Tliia  le 
is  cheap  on  account  of  its  being  prepared  in  a  short  time. 

ctiot«  Leaib^.      3.  The  so-called  Erlaoger,  or  Frencli  tawing  process,  is 
only  for  tlie  production  of  the  ghie^,  or  kid  leather,  used  for  making  gloves  an 
room  shoes.     The  liair  side  of  tlie  skins  intendetl  to  be  converted  into  thb  i 
is  left  unchanged,  while  as  regai'ds  washleatlier  gloves  which  are  treated  ill 
witii  tisli  oil  the  hair  side  is  cut  oil     The  skins  intended  to  be  converted  Inlol 
leatlier  are   treated    with  extraordinary   care,   and   thus  acquire  in   a    retj 
degree  all  the  good  quality  of  alum -tanned  (or  rather  tawed)   leatlier.      As 
skins   are  often  in  tended  to  remain   white  or  are   dyed  witli  delicate  colo 
greatest  care  is  taken  to  prevent  any  injurj^  as,  for  instance,  contact  with  oak  1 
or  with  iron  while  wet. 

Two  kinds   of  skins   are   employed  for   conversion  into  tlie  better  vari^^ti 
kid  leaOier ;  one  of  tliese,   the  more   expensive,  being  tlie  skins  of  young 
fed  solely  with  milk,  the  other  being  lamb  skin.     Each  of  tlieae  skins  ytc 
an  avenige  z  pairs  of  gloves.      The  leather  of  wliich  ladies*  ball  room  dtoe*  ] 
made  is  obtained  from  the  liides  of  young  calves  (so-called  calf- kid).      The  ; 
minary  operations  of  preparing  this  leather  are  exactly  sbnilar  to  those 
described   fur   the   ordinary  white   leather  ;    but  the  tawing   operutions  are 
different,  tlic  sldns  being  put  into  a  pecuhar  mixture^  by  which  tiiey  are  mjH 
tawed,  but  simultaneously  impregnated  witli  a  sufficient  qiututity  of  oil  to 
them  soft  and  give  suppleness.     The  mixture  consists  of  a  paste  composed  of  w: 
flour,  yolks  of  eggs,  alum,  common  salt,  and  water.     The  Hour  by  the  gluten  it  < 
tains  aids  the  absorption  of  the  alumina  compound,  and  thus  assists  the  real  tani 
The  starch   does  not  enter  into   the   composition  of  the  skins,  whiU   tlie  yiolkj 
eggs  acts  by  the  oil  it  naturally  c<>ntaina  in  the  state  of  emulsion,  tliis  oil  girutfl 
the  kid  leather  thai  suppleness  and  softness  which  is  so  much  esteemed  in  glo««a  II 
appears  tliat  emulsiuns  made  with  almond  oil  (the  so-called  sweet  oil  of  ali&ood 
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fixed  oil)»  olive  oiU  fish  oil.  and  even  paraffin,  may  he  advaiita;,'eoaBly  subaututed  for 
y«>lk  of  ej*g3.     The  skins  are  tliorou;i(lily  soaked  niid  Vnvudvd  iu  thia  mixture,  to 
^  '    'h,  in  Fnmco,  there  is  Botnetimes  added  2  to  3  per  cent  of  curbulic  acirl  for  the 
:   I'lMise  o(  preVHtitiug  llie  tcx»  strong  heating  of  the  skins  when  iiupregunted  with 
Ihr  ini3i.lure  imd  packed  in  heaps.     The  gkins  are  next  stretched  by  hand  mid  dried 
AM  rapidly  us  poBsibly  by  exposure  to  uir.     Having  been  dnuuped,  a  dozen  of  the  skina  , 
tLtti  placed  between  linen  cloths  and  trodden  upon  to  render  tiiem  soft.     After  Uua\{ 
I        lire,  one  by  one»  plMied,  dried,  and  again  planed.     Kither  by  rubbing  with  a^ 
V  {»o1iidied  glass  disc  or  by  tlie  ajtprcUur^  simultaneousJy  with  tlie  appUcatiou  of  ^ 
'<»  of  eg^^  or  a  solution  of  ij^um,  or  of  tine  soap,  a  gloss  is  given  to  the  skins, 
I  ide  of  which  is  tlie  right  bide  or  dyed  side.     The  dyes  are  applied  either  by 

immersion  or  by  brushing  over  the  leather ;  the  latter,  or  Knglisli  method  of  dyeing 
&kius.  IS  more  ordinarily  practised. 

Acc^^rding  Ui  Knapp's  researches  very  good  white  kid  leather  is  obtained  by  tawing 
Ibe  epidemiia  (bloss)  from  lamb  or  goat  skins  in  a  saturated  solution  of  bteartc  acid 
in  alcohol.     The  leather  thus  obtaine^i  is  very  soft,  has  a  whiter  colour  tliau  ordinary 
i   gftkc€  leatlier,  and  a  beautiful  gloi^s. 

K«r]»  i  lmUxt.      4.  The  preparation  of  leather  with  the  aid  of  insoluble   aoaps^ 

intnuluced  by  Knapp,  would  appear  to  have  become  of  some  importance.     The  pro- 

riy  possessed  by  oxide  of  iron  of  acting  as  a  tamiing  material  has  been  known  for 

long  lime,  and  in  1855  Mr.  Belford  took  out  a  patent  in  Uiis  couutry  for  a  mineral 

method,  in  whicli  oxide  of  iron  was  used ;    but  good  Icatljer  did   not  result, 

hides  do  not  become  realiy  hiimed  by  being  immersed  in  solutions  of  such 

lUic  salts,  03  those   of  the   pnifoxide   and  pejoxide   of  iron,  oxides  of  zino 

L'hromiuin  :  for  though  the  acidity  of  theso  solutions  is  reduced  to  a  minimum 

lUt  producing  a  permanent  precipitate,  and  Uiereby  the  deleterioua  action  of  tlie 

upon  tlie  fibres  of  the  hides  decreased,  and  tliough  a  certain  combination  of  ilit^i 

ide   and   fibres  takes  pbice,  no   renl   leather  is  formed   because  the  substanced 

ftmshed  is  not  fitted  for  contact  with  water,  for  thou  tJie  so-called  tanning 

icd  out,    Knapps  process  aloo  is  not  really  a  tajining  but  a  ta\viug  operaiion, 

which  llie  Bkui^  are  alternately  iiomersed  in  a  stdution  conlaining  3  to  5  per  cent 

ift  soap,  and  then  in  a  saline   solution  of  oside  of  iron,  or  of  diromium» 

tig  5  per  cent  of  the  salt,  from  winch  an  insoluble  metallic  aoap  is  precipi- 

und  impregnated  with  the  fibres.     After  this  operation  ha»  In^en  several  timea.. 

d  the  hides  Of  skins  are  washed  in  wuIlt  and  dried.     Although  ilio  exteiior  J 

of  good  sound  leatlier  may  be  imitated,  the  real  i|uahties  of  leather  are 

ting.     Knapp's  process  is  not  in  use  or  is  so  entirtdy  modified  by  substituting 

for  metallic  oxides  Uiat  tlie  skins  are  tawed  by  a  combination  of  the  preceding 

^wing  processes  and  the  oil-tawing  process  now  to  be  described* 


III.  Siifttmn  or  Oil-Tamtuj  Process, 

By  this  tianjo  is  understood  a  peculiar  process  by  wliich  tha 
nh  and  liides  of  various  animals,  such  a<j  JiartB,  deer,  sheep,  calves,  oxen  (for  the 
jrliit^  leather  for  military  use  as  l>elts,  ^cl,  are  converted  into  so-called  oil-  or  wash- 
^tlitrr.     The  tanning  material  is  oil,  fat,  taJlow,  or  lisli  oil,  lo  w  hich  recently  there 
b«€£n  added  4  to  7  per  cent  of  carbolic  acid.     The  leather  thus  obtained  is 
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c]mi\y  used  for  iwaking  militftij  lireeches,  socks,  vests,  gloves,  braces,  Wit* 
applicaliotis,  and  not  in  tumuli  quantity  for  wiishing  glass  and  porcel 
to  ita  softneaa  On  ihh  ncconnt  iviish-leatber  is  also  lary^dj  used  by  gold 
smillis  fi>r  polishing  triiikf-ts  with  rouge  (very  carefully  prepared  oxide  fA  ti 
upper  or  exterior  luyer  of  the  corinm,  which  owing  to  it«  greater  ci»mp«cttt«^ 
not  possess  the  ductility  and  suppleness  of  the  lower  or  interior  layer,  is  III 
skills  inUnded  to  be  converted  into  wash-leather  entirely  cat  away,  «d  that  cii>  h«r 
and  flesh  side  are  titken  into  consideration.  The  cutting  away  of  this  Layer  p'^tf 
prmnottiif  tlio  abf^orption  of  the  oil.  whicli  by  the  joint  iictiou  of  air  and  beat  fidiit. 
product  which  in  a  dry  compound  of  tibre  oml  oil,  in  which  the  latter  pbyiiitoaJIy  bn 
disappearefU  inn^murh  as  the  l»^n flier  is  not  impervious  to  water.  Wtt^-lettdtfr 
diffura  in  thia  respect  from  oil  or  fnt  leather ;  still,  on  immersion  in  water»  ib-e  skin  tei 
not  glue  togetlior  and  »hrittk.  Thin  skins,  such  a^  ihase  of  goals  mad  lunfaa,  wm 
not  deprived  of  their  hair  side,  becanae  it  wwnM  render  them  too  thin  for  use. 

The  slcius  intended  to  be  made  into  wnsh-leMher  are,  as  regards  the  first  wtK^d 
tlic  operatioiu  treated  exactly  as  described  for  the  skina  treated  with  alutiu  Ihfl 
diHerenee  being  that  tlie  hnir  is  removed  together  with  the  hair  side  portuiti  of 
skins,  which  are  next  i>Ltced  in  a  bron  bath  in  order  to  remove  tlie  Ume,  AlWri 
th«  skins  arc  stretched  iiiul  conveyed  to  the  fulling  machine  in  order  !o 
eaturated  «ntli  oil»  for  which  purpose  the  skins  are  first  laid  on  a  table  or  bench 
ore  rubbed  mth  oil,  the  hair  side  being  placed  uppermost  This  having  liMB 
Uiey  arci  made  into  elouls  and  placed  under  tlie  stampers  of  a  machine 
thorouglily  impregnate  tln'm  witii  oil.  From  time  to  time  the  skins  are 
the  trijugh  and  exposed  to  tlie  air,  tJjen  again  rubbed  with  oil  and  put  ttiid0r' 
stampers  until  enough  oil  li«s  boen  absorbed.  By  the  repeateil  expoMtre  to 
Hie  skjns  become  dry,  and  oU  (fish  oil  is  ehietly  used)  absorbed  ;  the  exposiKre  tol 
is  continued  until  the  surface  of  tlie  skins  appears  quite  dry.  When  thv  skins 
an  odour  soraewhat  similar  to  that  of  hoi*ae- radish,  and  have  lost  their  fleHlty 
tliey  have  absorbed  a  suftkii^nt  quantity  of  oil.  wliile  a  portion  of  tlie  oil  has 
somewhat  changed  and  ha^  entered  into  combination  with  tlio  fibre,  another 
only  mcchiinically  adhering  to  the  pores  of  the  skins.  The  next  opei*alirtti  th«riNi 
aims  at  rendering  tlie  process  of  the  combination  of  the  oil  with  the  skins  van 
rapid  by  bringinj?  about  a  femientalioii  attended  with  an  elevation  of  t^^mprratipv; 
this  is  effected  by  placing  the  skins  in  a  warm  room,  heaping  them  to:f*»thfT.  ai4 
covering  tlieni  with  canvas  to  ]i('^j>  in  the  heat  which  is  generHted,  care  h#»mtf  t*W 
to  air  the  heap  from  time  to  tinie  in  order  to  prevent  overheating  anvt 
deteriorotion  of  the  skina,  This  operation  of  airing  the  skina  is  reperiT 
tlio  spontaneous  iieatiug  they  have  acquired  a  yellow  colour  auil  ilie  workisA 
kuow  by  experience  that  the  oxidation  of  the  oil  is  finished.  A  portion  of  ihtmi 
(estimated  at  about  50  per  cent  of  the  quantity  originally  employed  j  is  left  in  tlie  skins 
in  uncombiued  state,  and  is  removed  by  washing  w^ith  a  tepid  solution  of  poflaib. 
From  tlds  liquor  there  separates  on  being  left  at  rest  a  portion  of  fat  termed  digt 
and  which,  as  already  mentioned,  is  employed  for  the  dressing  of  Lanni 
The  skins  having  been  tlius  deprived  of  the  excess  of  oil  are  wrung  out,  dried, 
dressed,  in  order  to  restore  to  them  their  softness  and  suppleness  partly  losttniltr' 
drying.  Cordovan  or  Turkey  leather,  is  oil  tnwed  'williout  the  hair  side  having 
first  removed,  w*hilo  the  flesh  side  is  blackened  in  the  usual  way.  This  kifi<l 
leatlier  is  chiefly  used  for  ladies'  boots  and  shoes.     According  to  Knapp, 
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^pich  Hie  hair  has  beta  £rat  removed  lUiky  he  tawed  by  trenlin;^  tliem  alternately' 
H|h  ti  solution  of  aoap  and  dihite  actds,  so  that  the  fatty  acids  are  precipitated  inio 
flbft  Hbre.  After  th>j  tcLvvin;^  the  sklni}  tlma  treated  sliould  be  thi>ro uglily  wai^hed 
in  wTaL«r  to  remove  all  acid.  An  rei^urds  the  constitution  of  the  leather,  eomniouly 
knuivu  as  wash -leather,  tJiwed  with  oiJ,  aothiiijj;  is  delinitely  known,  but  xt  would 
ftppiear  that  thia  proeesa  of  tawing  has  some  analogy  to  l;he  process  of  imparting  oil 
to  calico  intended  for  Turkey -red  dyeing. 

ret^^au      Tlio  substanco  known  as  parchment  i^  not  realty  leather,  b>ocau5e  ita 

es  are  neitlier  tanned  uor  tawed,  as  proved  by  the  fact  that  boihiig  water  readily 

ti%'erta  parchment  ill t*>  a  superior  kind  of  glue  similar  to  iiiiuglaiss,  of  course  too 

pensive  for  joiners'  use.     Parchment  ia  csseiitiajly  tlie  well-cleansed  and  eurefnlly 

skins  of  hares,  rabbiLs,  and  especially  of  calves  and  sheep, 

lOrdinary  parchment  ia   prepared   from  sheep  skins,  but   the  variety  known   as 

lum.  Vifin  or  Parvhemeui  vitrgf,  ia  far  finer,  and  is  made  from  the  skins  of  young 

Ivca,  goats,  and  stillborn  lambs.     According  to   tlie  use  intended  to  be  made 

[parcliment,  so  ia  its  preparation  modiiied.     The  gkms  are  first  soaked  in  water 

theu  placed  in  tlie  lime-pits.     Sheep  skins  are  cleansed  by  working  with  cream 

\  lime  in  order  to  preserve  tlie  wool.     When  tlie  hair  has  been  removed  the  skins 

'"toe   washed^  being  placed  on  tlie  dresser's    block,    ami   usu»illy  also  planed   with 

iiittp  knife  to  remove  the  superfluous  fleshy  parts.     This  having  been  dune,  each 

i  ia  separately  stretched  in  a  frame*  in  a  nwtmer  very  similar  to  that  in  use  for  so- 

.  Berlin-wool  work,  the  sldiJs  being  held  in  position  by  means  of  strings,  and 

by  tjxposure   iu  tlie  open  air.      I'arclimeut  intended  for  drum  skins  ^from 

Ives'  akins),   for  kettledrums    ifrom  asses'  skinsi,  does   not  require  any  further 

ation.     If  iiitenck'd  lur   boukbiiuling   the   parcliment  is   treitied   as  described, 

kt  niter  drying  it  is  planed  witli  a  tool  the  cutting  edge  of  whieli  is  somewhat 

,  in  or  del'  to  impart  a  rough  surface*  whereby  tho  parchment  is  rendered  ctipable 

Ueiivg   written  on  and  dyed.      If  the  parchment  be  intended — as  it  used  be- 

ently  to  be  fonnerly  before  the  invention  of  metallic  paper— ibr  memoranda, 

^iUu  with   lead  pencils,  to  be   wiped  out  if  desired  witli  a  wet  sponge,  it  ia 

•  planin<j  painted  oa er  with  a  thin  wldtc*lead  paint,  for  which  a  iiiixtuje  of  glue- 

kter  with  barym-  or  zmc-white  is  uften  substituted.     The  vellum  uf  this  country  is 

eraliy  obtained  from  sheep  akius»  wliich  are  tepht  into  two  slieeta  by  means  of 

ij'tools,     iVrchmcnt  alter  having  been  dried  on  tlie  frames  is  dusted  over  with 

and  rubbed  with  pumice-stone.     The  sieves  used  in  powder  mills  for  graunla- 

I  powder  are  made  of  pari^hment  obtained  from  hogs'  skins. 

Genuine  Uiieiibil  slmgreeu  Isaghir,  sagri,  sagre),  is  a  variety  of  tawed 
bment,  one  side  of  which  is  covered  \vith  smail  hard  strains.  This  material 
aanufaeiured  iu  I'ersi«,  at  xVstrakan,  in  Turkey,  and  in  Koumania,  from  certain 
rtions  of  tlie  skins  and  liides  of  wild  asses,  horses^  and  other  animals*  The  hides 
soaked  iu  watei*  until  Ote  epidermis  can  he  removed  easily  together  with  the 
liliirfe  by  the  aid  of  a  diessing-knife  ;  next  the  liidea  are  again  placed  in  water  so  as 
to  swell  the  material  siifticiently  to  admit  of  cleansing  it,  and  cutting  away  on  both 
flesJi  and  hair  sitle  all  supeiduoiis  material,  so  as  to  leiive  only  t}ie  coHum,  which  then 
has  the  appearance  uf  a  fresh  bladder.  In  order  to  prutluce  on  skins  thun  prepared 
a  grained  surface,  they  are  put  inio  frames,  as  described  under  Pa  r  eh  men  t.  wliilo 
OB  the  hair  side,  aWthata^  the  hard  black  seed  of  ilie  Chetiopodimn  alhum  is 
Stamped  iu,  cithar  by  the  feet  or  forced  in  hy  pressure.    When  tlie  skins  are  dry  they 
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arft  removed  from  tlie  frame,  the  sec4  shflken  off,  and  tlie  akins  tfac^rotlghl J  pM^H 
wiUi  II  sharp  dri^ssiug-ktiife,  tlien  put  again  into  water,  tawed,  and  finaUy  d jed.  "^HH 
tftvviri'^  is  effected  hj  the  aid  either  of  alum  or  of  oak  bark.  The  dye  of  ahagreeitS 
generally  green,  and  is  due  to  salts  of  copper.  After  dyeing  the  skins  are  MMilcadfl 
niuttan  tallow. 

Fish  sldii,  or  tiRh  chagrin,  is  ohtained  from  various  kinds  of- sharks  (Sqvaim 
eaHieuln,  $,  mtuhu^  S.  centrina)  and  ijther  fishes  of  the  same  class.  The  ddn  <*f 
these  animals  h  not  covered  with  acalea,  hut  witli  more  or  less  projecting  hird 
points.  The  skiiia  having  been  removed  from  the  fish  are  stretched  in  frames  iind 
6iint>ly  dried,  beinjr  then  sent  to  the  market.  Formerly  sharks'  skin  was  in  saint 
countries  used  by  joiners  instead  of  sand-  and  ^lass-puper  for  preparinpf  wood.  Tlw 
skins  deprived  of  tlie  projections  are  djcd  and  used  for  corering  small  boxes,  tiibei 
of  small  telescopes,  &c. 

Glue-Boixino. 

ooMni  otMcnuiioQa,      The  organisms  of  all  animals,  but  more  especially  of  the  Hg 
clasi^es,  ciintam  tissues  which  are  insoluble  in  cold  os  well  as  in  hot  water  J 
which  by  confinued  boiling  become  dissolved,  and  yield  on  cvnpomtlon  of  the  ! 
tion  a  glutinous  [[jebitiriising:  mass,  which,  by  further  dryinfz,  exhibits,  accordingto  i 
degree  of  purity  ol  the  materia^  a  more  or  less  transparent  and  britlle  substance, 
in  pure  state  is  devoid  of  colour  as  well  as  of  smelb  becoming  swollen  in  cold  water  I 
ditsfdved  by  lioilinjT  in  that  liquid.     Tlus  subslance,  rr.,  the  product  of  the  conii' 
sion  of  the  so-cnllrd  -^lue-  or  gelatine->*ieldin«,'  tissues,  is  M'hat  is  known  in  the  tra4« 
as  glue,  and  larfjely   used  by  joiners,  carpf^nters,  itc  for  joining  wood,  n' 
sizing  paper,  for  clarifying  various  lic|uids,  beer  and  wine  for  instance,  an       ■  - 
cement.     Amonjjf  the  j^dueyi elding  tissues  the  folio-wing  are  the  roost  important ?J 
CeUulur  tissue,  the  corium,  tendons  or  sinews,  the  middle  inembrano  of  the  vifl 
l)'mplmtica  and  veins,  the  osseine  or  organie  matter  of  bi^mes,  hartshorn*  carUli^l 
the  bladders  of  many  kinds  of  fish,  Ac.     Chemically  wo  distinguish  between  gliH^| 
that  is  to  say,  ghu^   derivt'd  from  skins,  bones,  iic,  and  chondrin«  which  Ims  NH 
ohtained  from  cartihi^e.     In  a  technical  point  of  vi»*w  this  distinction   is  har^| 
required,  as  the  cartila;^noas  mailer  is  as  much  as  possible  selected  from  other  g!iB 
making  materiiils,  bt'<Minse  experience  has  shown  that  gbitin  has  a  much  gnuifl 
power  of  adhesion  than  chondriii*     The  latter,  however,  is  largely  used  nM  sue^| 
this  country.  ^M 

As  abend V  observed,  the  glue-  or  gelatine-yielding  tissues  yield  on  being  dissol^H 
a  gelatinising  mass^  the  aqueous  solution  of  which  doeti  not,  however,  possess  tol^H 
great  extent  a  gluein^j  property,  which  i^  only  imparted  to  tlio  gelatine  by  a  proo^l 
of  dn'ing.  In  considering,  therefore,  the  process  of  glue-boiling,  we  have  to  ilisl^| 
guish  the  animal  matter  capable  of  yielding  glue,  the  gelatinous  mass  obuiilH 
therefrom,  and  the  ^lue  obtained  by  drying  the  latter,  llie  temperattire  required  ^| 
obtaining  gelatine  diiffrs  according  to  the  different  animal  tissues  employed ;  iH 
consistency  of  tlie  gi  httine  obtained  £rom  equally  strong  solutions  varies  with  the  ifl 
of  tlie  tissues  op<.^rrtted  upon.  M 

Gbie  readily  dissolves  by  boib'ng  in  water,  forming  on  cooling  a  gelatincna  ms^| 
even  if  the  rjuantiiy  of  glue  is  only  i  per  cent.  K^^^toated  boiling  and  coolingH 
glue  solution  causes  it  to  lose  the  property  of  gelatinising,  and  tlte  sameeflbet  MF^| 
duoed  by  acetic  and  dilute  nitric  acids*     Solutions  of  alum  predpitale  ^Ine  soltitioiP 
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only  after  the  addition  of  potash  or  soda,  the  precipitate  consisting  of  glue  mixed 
with  hasic  sulphate  of  alumina.  Glue  enters  with  tannic  acid  into  a  combination  of 
constant  composition ;  hence  glue  or  gelatine  may  be  used  for  the  estimation  of 
Uumin  in  vegetable  matter. 

Three  different  kinds  of  glue  are  distinguished  by  the  manufacturers,  viz. : — 

a.  So-called   skin-glue,   or  leather-glue,  prepared    from    refuse  hides,   skins, 

tendons,  Ac. 

b.  The  glue  obtained  from  bones. 

c.  The  glue  obtained  from  fish-bladders,  termed  isinglass. 

Very  recently  glue  from  vegetable  gluten  and  so-called  albumen  glue  have  been 
prepared. 

LMibcr  oine.  This  substaucc  is  prepared  from  a  large  variety  of  animal  refuse,  the 
chief  sources  being  the  following: — Kefuse  from  tan  yards,  tawing  and  leather- 
dressing  works,  old  gloves,  rabbit  and  hare  skins  (the  hair  having  been  used  by  hat- 
makers),  skins  of  cats  and  dogs,  ox  feet,  parchment  cuttings,  surons  (skins  which  have 
served  the  purpose  of  carrying  drugs,  especially  from  America),  sinews,  guts^ 
leather  cuttings  (leather  tanned  witli  oak  bark  cannot  be  readily  converted  into  glue). 
The  glue-boiler  on  an  average  obtains  from  tlie  various  materials  about  25  per  cent 
of  c^ue,  preference  Ineing  given  to  the  refuse  of  tawing  operations  and  kid  leather 
making,  because  tliese  materials  are  ready  for  boiling  without  requiring  any  previous 
treatment    Glue-boiling  involves  the  following  operations : — 

1.  Treating  the  glue-yielding  materials  with  lime. 

2.  Boiling  tlicse  materials. 

3.  Forming  tlie  gelatine. 

4.  Drying  the  gelatine  so  as  to  form  glue. 

ziMUiiffiritiiLiaM.  I.  The  aim  of  tliis  operation  is  the  cleansing  of  the  refuse  and  the 
prevention  of  putrefaction.  It  is  eflfected  by  placing  the  cuttings  in  tanks  or  lime -pita 
and  pouring  in  a  thin  milk  of  lime.  The  materials,  while  the  milk  of  lime  is 
fireqaently  renewed^  are  thoroughly  mixed  witli  the  lime-liquid  and  left  for  fifteen  to 
twenty  days  in  the  pits.  By  the  action  of  the  lime  any  blood  and  iicsh  is  dissolved 
and  the  fatty  matter  saponified.  In  order  to  remove  the  excess  of  lime,  the 
materials  are  placed  either  in  nets  or  in  willow- baskets,  and  these  are  immersed  in  a 
brook  or  river,  where  a  continuous  stream  of  fresh  water  removes  tlie  greater  part  of 
the  lime  in  a  few  days.  The  washed  material  is  next  exposed  in  the  yard  to  the 
action  of  the  air  in  order  that  it  may  become  dry,  as  well  as  form  a  carbonate  of 
any  lime  still  present  in  tlie  materials.  When  the  materials  are  dry  they  are  packed 
and  sent  off  to  the  glue-boilers,  who,  previous  to  proceeding  witli  the  boiling  opera- 
tion, macerate  tlie  materials  again  in  a  weak  milk  of  lime,  the  maceration  being 
followed  by  washing. 

Fleck  states  that  a  weak  alkaline  ley  (5  kilos,  of  calcined  soda  and  7*5  kilos,  of 
quick- lime  to  750  to  1000  kilos,  of  glue-yielding  material)  is  preferable  to  the  use  of 
milk  of  lime.  When  the  glue-boiling  and  tanning  operations  are  executed  on  the 
same  premises,  the  lime-treated  glue  materials  are  put  for  a  few  hours  into  old  oak 
bark  liquor,  the  acids  (lactic,  butyric,  and  propionic  acids)  of  which  remove  the  lime, 
while  the  animal  matter  is  at  the  same  time  superficially  tanned.  This  glue  tannate 
rises  during  the  boiling  as  scum  to  the  surface  and  assists  in  rendering  the  glue 
liquor  clear.  According  to  Dullo,  the  Cologne  glue — a  very  pale  and  strong  glue-^ 
80 
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is  obluincd  from  ofFd,  which*  after  liming,  haa  been  treated    iritu    a    s^nn 
chloride  of  hme  (Bypothlorite  of  liine),  and  thereby  bleached, 

B«jiii>«thcVftt«Ti»u,       This  operntion  is  carried  on  either  in  the  ordinarr  m» 
boiling  anything  with  water,  or  by  so-called  fmctiooed  boiIing»   or  huidlj  by  J 
appHcation  of  steam.     As  the  conversion  of  the  glue-yiebiing  materioU  inlft 
takes  place  shiwly  and  gradually  under  the  influence  of  the  boiling  water,  fits  4 
Uiat  the  metliod  of  hoiling  cannot  b*  without  influence  upon  the  glue  ultin 
produced.     The  first  portions  of  gehitine  whiidi  are  formed  remain  iu  cout^cl  i 
a  boiling-hot  muHs,  and  are  thereby  furtlier  changed  so  as  to  bise  the  eapiib 
gelatin isini^t  while  the  glue  at  last  obtained  exhibits  a  dark  colour  and  is  oldest  1 
strong,  although  it  is  generally  believed  t!iat   deep-coloured    glut*    is  of  m 
quality.    A  rationid  m<Klc  of  glue-boiling  would  involve  tlie  gradufd  remorml  i 
Bolution  obtained,  wliile  of  course  fresh  water  would  have  to  be  fiuppUud  to  ' 
the  liquor  drawn  oC     The  older  method  of  glue-boiling  consists  iu  simply  ptt 
the  maleriulb  with  water  in  a  cauldron,  care  being  taken  to  prevent  bur uing  hyi 
the  matvriiils  on  a  stout  wire  gauze  or  tying  tliom  in  a  net  and  suspeodiiig  it  f 
boiling  Uipiid.     Soft  water  yields  a  better  result  thitn  hard,     Gradunlly  the  1 
become  dissolved,  and  the  scum  which  is  formed  is  taken  Irom  tlie  &urf<hc^ 
large  ladle.    The  refuse  of  glue  of  former  operations  is  added  to  the  boiling  I 
and  the  operation  continued  untU  the  liquid  is  of  the  required  strength, 
tested  by  pouring  into  a  broken  egg-shell  a  small  portion  of  the  liquor, 
placing  the  partly  tilled  shell  in  ice-cold  w^ater.     If  tliC  solution  gelAtituse$ 
while,  fonning  a  hard  and  rather  stiff  gelatine,  the  liquor  is  run  off  by  maAQt^ 
tap,  fdtered  through  a  layer  of  straw  placed  in  a  basket,  and  conveyed  to 
lead  lined  cistern,  externally  covered  with  mala  or  straw,  or  some  bad  ooiido 
heat.     In  some  works  the  liquor  is  decanted  into  a  deep  bnt  narrow 
furnace  of  \vhieh  is  so  arranged  as  to  impart  heat  to  the  top  of  the  vessel  onty* 
vessel,  as  well  as  the  cistern,  is  heated  previously  to  the  liquor  being  poured  iXL 
liquor  is  claritied  by  stirring  it  with  a  small  quiititity  of  very  finely-pulverised  i 
o  75    to   15   pLT   mille  of  the   liquid.     After   this   the  hqnid   is   left    to 
night.     The  alum  precipitates  any  lime  remaining  as  sulphate  of  lime,  and  also  I 
organic  matter  which  run d era  the  Uquid  turbid.     Alum,  though   it   pncvcntcl 
putrefuction  of  the  glue  while  drying,  impairs  its  strength.    The  lime  n»iw'bt 
be  precipitated  by  oxalic  acid,  and  the  organic  matter  removed  by  a  ' 
lioiling  inasa  some  astringent  matter,   such  as  oak  bark  decoction  or   j 
during  tlie  boihng  tlie  organic  impurities  could  be  taken  away  as  scum. 

mu!iii>D*d  is.)iiiR«.       By  this  operation  only  a  comparatively  small  qujuitity  ol  1 
added  to  the  animal  matter  intended  to  be  converted  into  glue.     When  thd  1 
fairly  boiling  the  cauldron  is  covered  witli  a  well-titting  hd,  and  the  sLeiuti  bet^gl 
in  as  much  as  possible,  is  allowed  to  act  upon  tlie  mat4.Tials  so  as  to  convert  I 
into  glue.     When,  after  continued  boHing  for  about  two  hours,  the  wati?r  kfts  1 
up  sufficient  gelatine,  the  ht[uor  is  run  o(i  and  fresh  water  poured  on  the  rnn 
This  operation  is  repeated  UTiiil  Uio  decoction  no  longer  gelatinises,  the  kst  i 
being  kept  for  use  itjatead  of  water  for  a  following  ojieratioa,     Tlie  liqnurs  1 
obtain ed«  es^cepling  tlie  lost,  ore  either  mixed  or  each  is  treated  separately.    Tb«  i 
yielded  by  tlie  first  decoction  is  stronger  tlian  that  yielded  by  tlie  snV  liq 

By  this  method  of  boiling  the  saturated  Uquor  does  not  remain  cx\> 
of  heat  and  water  loo  long,  and  consequently  a  better  article  is  produc^^,     Iji  t 
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€m  ih0  mateiials  inwri^ed  to  he  converted  into  glut*  are  boiled  in  n  vessel 
iniilnr  iri  oonstiMiotion    iu   thojie   in   use   in  bleaching  works   iiftd  in   paju-r-niills, 
^mmgrd  in  tlic  following  uistnner.     At  some  distunce  from  the  hutU«ni  a  pr  rlbrated  faUe 
"ttom  i^  pla*:etU in  tlie  centre  of  ttiiich  is  iixed  a  wide  tube  whiek  rtitKkts  ta ubout two- 
da  of  the  height  of  tlie  cauldron.     The  niatt^rinlij  intended  to  be  converted  into  glue 
I  upon  the  porforalt'd  bottom  and  water  undt^r  it;  as  soon  us  the  water  boild, 
I  produced,  not  being  uble  tt>  escape  rapidly  ftudrendily  through  the  niaU^'itiU, 
\^tU  :x  pressure  upon  the  hquid  and  forces  illbraiigh  the  tube,  the  conseq^ufuce  being 
^At  A  constant  stream  of  boiling  liquid  fulls  upon  tlie  glue  inut<^iiali:},  which  are  rapidly 
olved, 

A  more  rational  mode  of  conducting  tliia  opcratiiin  coujiints  in  ejnpbvying  high- 
refi^ure  slenjn  admitted  into  the  mass  of  tlie  animal  materials  to  be  converted  into 
loo.  In  tbia  munrjcr  a  very  concentrated  solution  of  glue  is  obtained  in  a  fchort 
In  England  steara  is  genertilly  employed^  but  on  the  continent  its  line  is  the 
sceplion.  It  has  been  siiid  that  it  is  advjinttigeous  to  aOow  the  aniiunl  uflul  intended 
glne  to  become  somewhat  decomposed  and  then  to  disinfect  it  with  chloriua 
ad  sntphurous  acid  before  boiling  it  for  glue«  because  by  this  mode  of  treatment  a 
ghter  glue  is  obtained.     We  are  nnable  to  say  whether  tJxis  opinion  is  correct. 

A^  soon  as  the  glue  sohition  has.  by  standing  in  tlie  tanks  into  whicli  it  had 
trajisferred  from  the   boilers,  become   quite   clear  and   gmmewhat  c<xded,   the 
bqnid  is  poured  into  moulds,  and  when  sohdilied  tlie  jelly  U  cut  into  cakes  of  Uie 
bap<3  and  size  met  with  in  the  trade. 

The  moulda,  into  which  the  glue  solution  is  poured  through  a  strainer  made  of 

[  gaoze*  are  of  wtK>d,  and  genermtly  a  little  wider  at  tlie  top  than  at  the  btdtorn, 

►  fts  to  a*lmit  of  an  easy  removal  of  the  solid  material.    At  the  botl^rim  of  the  moulds 

^  gerie^  of  groi>ves  are  cut  at  such  a  distance  from  each  other  as  agrees  witli  the  size 

r  the  intended  glue-cakes.     Before  the  liquid  is  jKiured  into  the  moulds,  tliese  are 

Btorooghly  washed,  and  either  allow^ed  to  remain  damp,  or  if  dried  are  oiled,  so  as  to 

prrveat  tlie  solidifying  gelatine  adheiing  to  the  wood.     Rceently  moulds  made  of 

be«t-iroti  and  ieinc  have  been  introduced.     The  moulds  are  filled  with  the  lukewarm 

|toe  solution^  and  whan  Uie  glue  is  sufficiently  hard  it  is  gently  loosened  from  tlid 

des  with  a  sharp  tool,  and  the  mould  havhig  been  turned  over  on  a  wooden  or  stone 

,  previously  damped,  is  hffcd  off  the  block  of  gchitine,  which  is  neatt  cut  into 

lO(r  slabs.     The  cutting  tool  is  simply  a  piano-wire,  or  more  frequently  a  series 

strotehed  in  a  frame  at  suBicient  distance  from  cacli  other  to  make  the 

8  of  the  desired  thickness,  tlie  frame  being  placed  on  small  wheels  so  as  to  be 

ly  moved.     Glue  is  met  with  in  the  tra^e  as  a  gelatinous  mass,  or  is  sold  in 

ska  under  the  name  of  size.     It  is  said  that  the  process  of  drying  impairs  tlie  good 

lluUities  of  the  glue. 

[Ui«oioe.  This  operation  is  performed  by  placing  the  gelatine  calces  on  neta 
» of  twine  stretched  in  frames  anil  exposed  in  a  dry  airy  place  to  tiie  action  of 
f«iin.  The  drying  is  o\m  of  tiie  most  dilhcuU  operations  of  the  glue-making 
ifoccss,  because  the  temperature  of  the  air  and  its  hygri>metrie  condition  exert  11 
fcrcftt  influence  on  the  product,  espechiJly  during  the  tirst  few  days.  The  glue  will 
lot  bear  a  temperature  above  30'',  because  at  a  liigher  temperature  it  becomes  again 
iuid,  and  as  a  matter  of  course  flows  through  the  meshes  of  the  net  and  adheres  to 
\lie  twine  so  strongly  as  to  require  tlie  net^  t<3  be  put  into  hot  water  for  the  removal 
*  the  mass.    Too  dry  air  causes  an  irregularity  in  tlio  drying  of  the  glue,  and  m 
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a  consequence  tlie  cakes  becnme  bent  and  craclced  :  while  frost  cau^^-K?  -i 
io  as  to  iiecefvici^itaTo  a  re-meJting  of  tlie  glue;  hence  it  followi^  tiiat    i 
open  air  can  only  be  etlo<'U'<l  in  the  ftpriuf^  nml  autumn.     AJthttu^^h  lltt?  g 
hiiVf  tried  to  dn' plue  bj arlifiinal heat,  this  plan hasuot  been  generallj  introii 
to  the  fact  that  a  slight  excess  of  beat  causes  the  melting  of  the  gelAtioe, 
readilj  when  ventilation  in  noglccleil  I>rying-rooin6.  as  recently  canijtructed  are 
ei/ed  ahedk*  titted  with  the  required  frftnie-work  for  receiving  the  gelatine  ciakrs^ 
heated  by  steam -pipes  placed  on  the  rto<ir  near  the  latter.     The  walls  are  ] 
with  ir|>ening8  which  can  be  closed  by  means  of  valves,  while  there  are  veuii 
the  njnyf  arranged  to  obtain  a  projxT  circulation   of  air.      As  the  gelnfin*    f  i 
nearest  to  the  floor  of  the  n!h>m  becomes  moat  quickly  dry,  it  i»,  wiili  th*-   i : 
upon  which  it  placed,  removed  after  eighteen  to  twenty-four  hours  toahf^^her  ^  i 
the  drymg'Toom^  which  ia  not  heated  at  all  if  the  outer  air  haa  H  lenipetHiuj 
15'  to  20^.     The  drying-shed,  or  room,  is  by  preference  built  so  as  to  face  Uie 
When  tlie  glue  has  been  thus^  dried  an  mucJt  as  possible,  it  i»  generjilly  quickly 
in  a  stove  in  order  to  iiiipuit  hardness.     It  is  next  poUalied  hy  being  iumn 
hot  water,  and  cleane<l  with  n  brut^h,  and  again  dried. 

ohM ttntt  BoiMs.       The  organic  matter  contained  in  bones,  formini^  nearly  ooe-l 
part  (3217  per  cent)  of  their  weight,  consists  of  a  material  which,  after  the  bonM 
been  treated  with  hydrochloric  add,  is  very  readily  converted  by  the  action  of 
pressure  steam  into  glue.     The  preparation  of  glue  from  bones  by  tile 
hydrochloric  acid  is  the  usual  mode  of  proceeding,  and  the  operation  i»  advani 
ously  combined  with  the  nialdiig  of  sal  ammoniac  and  phosphorns. 

The  preparation  of  glue  from  bfiut's  includes  the  following  operationa  :■ — 1. 
out  the  Grffine. — The  bones  are  put  into  water  and  boiletl  in  a  cattldron,  te 
floating  to  tlie  surface.    Frequently  in  order  to  save  fuel  the  bones  are  put  into  as 
wire  IrtiMket.  whidi  is  removed  after  the  boiling  ha^  been  continued  for  f^ 
bones  thrown  out  ami  fresh  ones  put  in,  the  boiling  being  cfuitLnoed 
gelatinous  lii|nf>r  18  ohtnined.     The  fat  or  grejise  Is  remove*!  from  the  wu\ 
liquid  by  means  of  ladles.     The  gelatinous  ma»s  obtained  by  this  proC)68s 
used  as  a  manure  or  is  given  to  cattle  as  fodder.     In  some  works  boKi€9  hav»» 
exliausted   wiih   snliildde   of   carbon   for  the    purpose    of    extracting   the 
II.  Treatimj  lAi*  Jtonf4  ttith  Hytlrorhlorle  Aviil — The  bones  liaving  been  drainfd 
placed  in  baskets,  and  with  these  are  immersed  in  tanks  to  more  llian  half  llitdr 
the  tanks  lieing  filled  witli  bydnjchlonc  acid  at  7°  B,  (  =  105  dp,  ^.  =  io'6  pff 
CIH) ;  10  kilos,  of  bones  require  40  litres  al'  acid.      The  bones  are  kept  in 
liquor  until  they  become  quite  soft  and  tninsparent.    Tht^  are  next  dntincd  nid 
witli   the  baskets  immersed  in  a  stream  or  brook  with  a  good  supply*  of 
water  to  wash  out  the  greater  portion  of  the  acid,  which  is  fully  u^ui 
placing   the  bones   in   lime-water,   again   followed  by  waahiug  with    fresh 
Uie    Ijones    being    then    ready   for   b<»ihng,      Oerland   has   sugges^ted   ibis 
Bulphurous  instead  of  hyih"cichloric  acid.      Ill,  Convertion  of  (he   Or^anitf 
ifttti  ijlue. — The  cartilaginous  substance  having  been  either  partly  or  oons 
dried  is  put  into  a   cyhndrical  vcssicl  coutainiiig  x  false  perforated  botti^Bt 
between  tliat  and  the  real  bottom  a  pipe  or  tube.     To  the  tc^  of  the  veaael  • 
fitted,  provided  with   an   opening  for  a  steam -pipe   leadhig   fr«jra   a 
Shortly  after  the  iidndiision  of  the  fiteam  a  concentrated  glue  solution  begins  t<* 
off  &om  the  pipe  at  the  bottom  of  the  cylinder ;  this  solution  ia  osuaUj  m 
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id  as  to  admit  of  being  at  once  run  into  tlic  inoalds.  and  after  havitij^  become 
18  tlrc»it«d  as   before   described,      Aft«r   a   few    hours   a   wouk   littuid    iimkes 
ippeamnce,  and  as  soon  as  tliis  happens  tbe  cylindrical  ve&sel  is  opened.  i\w  glue 
ftemoved  with  die   weak  liquid  to  a  copper  aud  boiled,  care   being  taken 
*  stir  tJie  magma  constjintly.     As  soon  as  the  ^lue  is  diiisolved  tbe  Hquor  in  poured 
[ito  moulds.     Gluf'  obhiincd  from  bones  exliibits  a  milky  api>earnnce  due  t<.i  the  pre- 
of  a  small  quautily  of  pliosphate  of  liine  retaiued  iu  the  substauce.     8ome> 
there  is  purjjosiely  added  more  or  less  baryta- wliite,  ziuc-wliite,  wbite-lea^l, 
k,  or  pipe- clay.    Tbe  glue  obtained  from  bones  is  sold  under  tbe  name  of  patent 


*.  When  glue  is  dissolved  in  ita  own  weight  of  water  and  a  small  quantaty 
nitric  acid  added  to  the  solution,  it  h^nea  tlie  firoperty  of  gelatinimng,  ivliile  Uia 
fiesive  property  a(  tbe  ylue  is  nut  impnireth  Dum^ulin  prefL-rs  to  dissolve  i  kilo* 
0)la|5^fte  ^due  in  i  litre  of  b^jilin**  w^jUt.  and  to  add  to  tlie  solution  02  kilo, 
nitrie  aeid  at  36  B.  =  131  sp.  gr.  After  riie  evolution  of  the  mtrt>us  acid  fumes 
I  subsided  the  fluid  is  cooled.  A  better  liquid  glue  is  obtained  by  dissolving  gooil 
lelatina  or  glue  of  superior  quality  in  strong  %*uiegar  and  moderately  strong  acetio 
lid,  to  which  one-fourlk  of  its  butk  of  alcohol  is  added,  and  some  pulverised  alum*  J 
duitou  beins^  aided  by  a  wrtt*'r*b«lh.  The  nrtititi  of  the  aeefic  ai'id  is  the  same 
it  of  tbe  nitric  acid.  Aeeordiug  to  KuaHl,  a  very  excellent  liquid  glue  ia 
btaSned  by  heating  for  some  lo  to  12  hours  tipon  a  water*biitli.  a  mixture  of  3  parta 
glue  in  8  partii  of  water^  to  which  are  added  05  part  of  bydroehioric  acid,  and 
^3  part  of  sulphate  of  rine,  the  temperature  of  the  mixture  being  kept  below 
'  to  85^.  This  kind  of  liquid  glue  keeps  for  n  very  long  time  and  is  largely  used 
jinuing  wood,  horn,  and  mother- of- pearL  This  glue  is  empluyf*d  by  the  makers 
artilii:ial  pearls. 
r*«tiw(N«<j«iuiiv  cf  oia«-  Although  the  quality  of  glue  is  best  ascertained  by  praetical 
some  of  the  physical  qualities  and  tlie  external  iippearance  of  glue  may  be 
Mentioned  as  indicating  a  superior  article.  Glue  of  good  quality  should  exhibit  a 
liright  brown  or  brownvelluw  colour,  should  be  free  from  specks,  glossy,  perfectly 
e-l*  ;tr,  brittle,  and  liard,  should  not  become  damp  by  exposure  to  air;  when  being 
hint  it  should  snap  or  brenk  sharply,  the  fracture  presenting  a  glassy^  shining 
nppearance,  Wlien  placed  in  rold  water  glue  aliould  not  even  after  forty- eight 
boars  in  this  fluid  swell  up  and  increase  In  bulk  nor  dissolve.  A  epiiutery  fmcture 
of  glue  indicates  that  it  has  not  been  well  boiled.  The  adhesive  property  of  glue  ia 
ollefli  increased  by  adding  certain  pulverulent  earthy  substances.  This  addition  ia 
fcgularly  the  case  with  Ihisfsiun  glue.  Among  the  substances  employed  are  wliite- 
lead,  sulphate  of  lead,  zinc- white,  bar>'ta-vvliite.  and  even  chrouiute  of  lead,  Aa 
different  kinds  of  glue  muy  agree  in  their  external  aspect  and  yet  vary  as  regards 
their  adhesive  power,  methods  of  testing  glue  Imve  been  proposed^  some  of  wliich 
■re  based  upon  tlie  chemical,  others  upon  the  physical,  properties  of  this  eubstanoe. 

I.  Ckemiml  ProceMs^M  of  Tettimj  Glue,—Ot  these  we  mention  tlie  following  : — 
OrM'ger's  Method.— Premising  tlmt  the  quality  of  a  glue  is  dependent  on  the 
quantity  of  glutin  contained,  irrespective  of  the  oingin  of  tlie  glue  and  its  freedom 
intra  foreign  snbstiinces,  whieh  might  weaken  its  adh**«ive  property,  Graeger  estimates 
the  quantity  of  gluten  by  preeipitating  the  glue  sidutiivn  with  tannin,  and  by  calcu- 
lating from  the  timount  of  lannate  of  gelatine  iihtained  (the  composition  being  taken 
in   100  parts  at  4274  parts  of  gluten  and  57  26  of  tatmim,  the  quantity  of  pure 
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glBleii  eontmnetl  in  the  glue,  Risler-B^unat,  while  eraplnying  the  Bunfl  |iti&rK|lA, 
(vrppnres  two  uormal  fluids,  one  of  which  contains  lo  grms.  of  pure  \hxax\c  Msd 
to  tJie  litre,  while  the  olJier  enntains  in  i  litre  lo  grms,  of  pnr**  icingLuis  And 
20  gnns.  of  filnm.  As  equftl  bulk  of  these  fluids  do  not  saturate  e«ch  ollj»»r  iti* 
autlior  di'temiinea  by  titration  the  reliuion  between  them,  arid  dilutes  tht*  taiu 
solutinn  with  the  rt'quisih.'  qniiDtity  of  water.  In  order  to  t<?bt  a  glut?  thettiit, 
solves  10  tjnns.  of  the  fcianipJe  to  Ik;  tested  with  20  j^tids.  of  aluni  in  a  litre  of  wstif. 
heat  being  applied  if  nec*'ssary-  Next  10  c,e.  of  the  tannic  acid  j^olntion  are  t 
to  which  an  equal  bulk  (10  c.c.)  of  llie  glue  solution  is  at  once  addt^,^  b««Lmu»4 
may  l>e  sure  tliat  tliis  is  not  \qo  much*  aa  no  sample  of  glne  met  \iitli  in  cK^tnineTi 
as  pure  aa  isinglass.  The  vess*?l  <>oiitiiininj»  the  mixed  liqnid  being  well  sl>ak«m 
tlie  precipitati?  Imvinc^  settled,  another  c.e.  of  ^hie  Bolution  is  added  to  ib# 
solution^  whieh  is  rnxt  tiltered  through  a  moi8teii«l  cotton  filter.  If  one  drop  oft 
glue  solution  still  produces  a  precipitate  in  the  clear  filtrate  another  c  c.  is  u^iii  -t  i>» 
the  tannin  solution*  and  then  again  filtered,  these  operationB  being  repeated  ttiiidl 
filtrate  is  no  loniafer  rendered  turbid  by  the  glue  solution. 

Tliese  mndes  of  testinj?  j^loe  g^ive  only  an  approTtimate  valn«  of  the  rfoe, 
precise  chemical  constitution  is  not  known,  and  is,  in  all  probability,  rtimplex  :  ^^ 
it  bns  not  been  proved  that  0»e  substance  combined  ixith  tannin  coirr^^ 
adhe.sive  power  of  j^lue.  Finally,  it  should  be  ol>sorved,  lliat  gelatine  and  ,_ 
both  precipitated  by  the  same  quantity  of  tatuiin,  are  altogether  different  »nl 

II-  Mechffuk'til  Al<Mh«  of  Tt'stuuj  Glue. — Schattennmnn's  Method. — The  glut  t 
tested  IB  kept  immerse<l  for  a  considerable  time  in  a  large  quantity  of  water  at  15' ; 
Bubfitanee  swells  up.  alMiorbin^  five  to  sixteen  times  its  own  weij^ht  of  water  The  I 
coQsi&teut  and  elastic  glue  m  found  to  be  iu  this  state  the  gn>ater  its  adhe^v*  j 

Tfie  larger  the    quantity   ft  vnTrr 
jttQ.  250.  aljstjrbed  the  more  eoononiii^jJ  luii  ! 

Ute  glue  be  in  use.      Accor 
Weidenbusclts    cxpmmrnts, 
method   shoidd   be  employed 
-nitli  glue  obtained  fnun  U^nca^l 
Ihut  obtained  Irom  auituul  utM « 
not  beJmve  similarly,    Li|Kmiu  I 
proposed  tike  following   m^tl 
5  parts  of  glue  ai«   dia8alv«d;j 
Buch  a  quautily  of  water  that  1 
weight  of  the  solution  i&  equal  U 
50  parts.     This  siiluiion  is  k«^ptl 
twelve   houi^  at    iS^   in  «n 
cnude   ilie    solution    to    gub 
The  gelatine  obtained  is  |d 
ft  ghiss  vessel,  Fig.   256. 
piece  of  tinned  iron  tbf 
tlie  iron  wire  h  moves  ♦ 
lower  end  of  h  is  SijldtriAi  ti  sauh 
like  piece  of  tinned  iron,  tJip  ro«« 
aide  of  which  is  turned  downwards.     The  weight  of  the  wire  h  and  the  coo^ 
pieee  soldered  to  it  is  5  gnus.,  while  the  fuimel,  c,  put  oa  tlie  lop  of  the 
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Hbo  vrcighs  5  gnus.  The  furtnd  is  of  eafScient  size  to  cotitain  50  gmis.  of  small 
6)iat.  According  ki  tlic  consistency  llie  greater  weight  wiU  it  r»?quire  to  force  the 
gelatine  down  Lato  the  gliiss,  and  from  the  weight  rei|uired  thtj  a«Uiesivoiiea3  may 
be  judged.  Hein/e  has  tri«d  tliitj  method  (1S64),  and  the  results  of  his  experiments 
pravc  the  correclneas  of  Lipowitz's  proposition. 

Weidenhustdrs  methwl  ia  essentiullv  that  suggested  by  Kitrmarsch*  and  consists 
in  t*?^(iiig  tin'  v^-eiglit  required  to  tear  asiiod«r  two  pieces  of  wooil  glut'd  together 
ritli  the  samplt;  of  ghic ;  but  it  is  evident  tliat  tliis  plim  is  not  satisfactory,  hecause 
;  impoiisihle  to  obtaurt  wood  always  of  the  same  quality,  while  the  a<li)eiiiveness  of 
,  glue  is  greater  than  thiat  of  wood  itself-     Weidenbusch  has  evidently  obaen'od 
the  roetiiod  is  not  reliable,  for  he  has  suggested  the  following  plan:— Small 
or  rods  are  made  of  gypsum,  are   gently  dried^  fir^t  by  Ki'at  and  next  over 
«fahlaride  of  caleiiun  until  the  rods  do  not  lose  weight.     Tliey  are   then   saturated 
:  solutiouij  of  samp  ks  of  glue;  the  force  required  tu  break  ihertc  rods  «fter  dndng 
ermiDcs  the  streiigtli  of  the  ghie,  because  the  force  required  to  break  the  gj  psum 
a  constant  value.     An  apparatus  has  been  contrived  by  tlie  aid  of  which  the 
required  to  tear  asunder  ll»o  dried  g^'psum  rods  mtiy  be  ascertained;  the 
gc  weight  has  been  found  to  be  219  grms.     The  gin©  to  be  tested  is  dried 
100°,  put  over  night  into  cold   water,  next  dissolved  in  hot  water,  the  solution 
ttg  so  arranged  as  to  coutaiu  one-tentli  of  glue.     Tliis  solution  is  coloured  with 
atral  indigo  tincture  in  order  to  render  it  more  easily  diseeniibJe,     The  g^^psnm 
\  are  left  in  the  solution  for  a  couple  of  minutes  and  then  dried  until  tJic  weight 
oot  vary.     Wien  this  obtains  the  rods  are  broken  by  the  action  of  mercury, 
I  is  gradually  admitted  into  the  api>anitus, 

The   substance   met   in   commerce    under   the   name   of  isinglass  is,   if 
naine,  the  dried  interior  pulpous  vesicuhir  membrane  of  the  air-bhidder  of  certain 
Elds   of   fish    bi  longing   to  the  order  of  the  cartilaginous    ganoids,   mid   more 
dally  of  tlic  connnon  sturgeon  {Accijtenaer  gturio)  ;  the  huso,  or  grand  sturgeon 
.  $turiu)  ;  tlie  A.  Oiildemftindti,  and  A.  stclhttui.    The  bladders  of  tlitHe  and  of  kin- 
L  species  of  iish  plentifully  met  with  in  the  Caspian  Sea  and  the  estuaries  of  the 
t  running  into  it.  are  cut  open,  cleunsed,  stretched,  and  dried  by  exposure  to  sun- 
lit, and  when  sufficient^  dry  to  admit  of  beiug  handled  without  f<ntr  of  tearing  tJje 
er  muscular  membrane,  which  does  not  on  being  boiled  yield  any  glue,  is  torn  oiF, 
J  tlie  interior  membrane  is  moulded  in  various  ways  fas  in  rings,  lyre-sliaped,  or 
led  as  leaves  of  paperf.  and  bleached  by  sulphurous  acid,  Oien  timroughly  dried 
^  exposure  to  sunlight. 

According  to  the  countries  from  which  it  is  sent  into  the  trade  isinglnes  is 
ttished, — as  Uiissian  (the  best  kind  being  obtained  from  Astrakan) ;  North 
ican  (from  GtuhtJi  uierhtihi*] :  East  Indian  (from  I'fthftit^mun  phbt'jft,K\ ,  met  with  in 
8,  also  as  small  sfu*ks.  and  in  the  entire  bladder  ;  Hudson  Hay  isingljiJiS  iderived 
I  sturgeons!  ;  Brazilian  is  probably  obtained  fi^om  various  kinds  of  Sihtrua  and 
fiuM*  This  isinglass  occurs  in  hollow  tuln^a,  in  lumps,  and  in  discs.  Gonn&& 
[lass  is  prepared  at  IInmburg  from  the  air-bladder  of  the  common  sturgeon.  In 
I^umatua  and  Servia  the  skin  and  intesUnes  (not  the  liver)  of  ciirtilaginous  flshes 
^5re  boiled  into  a  stid'  jtlly.  wliitrh,  having  been  cut  into  thin  slices,  is  drieil  and  sent 
njsU)  the  market  as  isiugbiss.  As  regards  the  use  of  tliis  material  we  have  to 
^■stinguish  between  fijih  glue  and  isinglass.  The  fonner,  if  pruperly  prepared,  is  not 
^H  all  distinguishable  from  orchuary  glue  as  obtained  from  boues  or  other  animal 


536 


CEEUICAL  TEOHifOLOaT. 


SaVftltaU*  tvt  Glu*,  urni  Saw 

byiaoia*,  Y12. : — i.  Gluten  glue  [colU  gluten). 


refuse ;  but  isinglass  is  not  glue^  and  is  onlj  converted  into  it  br  bailing.  It 
of  Ubres  or  threads,  whicb  when  placed  in  water  are  eo>mewbftt  disMlf  *4l,  111 
retain  their  organised  etmcture;  this  being  especially  of  imporliuioe  Ibr  lb#  «i» 
of  this  substance  in  darifying  wine,  beer,  and  similar  fluids,  as  the  Bbrm  cam' 
Btitute  as  it  were  a  close  network,  wliich  readilj  takes  up  the  turbidilj  prodnocd  ly 
snuill  piirtieles.  Tiie  presence  of  tannin  in  litimds  which  are  intended  to  ht 
fied  by  the  use  of  isinglass  is  advantageous,  inasmuch  as  it  promotes  the  com 
of  tlie  idiui^'kss  fibres,  whereby  the  suspended  particles  present  in  the  fluid 
clarified  are  retained  ;  so  that  in  truth  tlie  cLirif^ing  by  isinglass  is  a  kind  of 
which  oanuot  be  performed  either  by  glue  or  by  a  hot  saturated  solution  of 
For  isinglass  may,  in  all  other  iuBtances,  such  as  the  dressing  of  woTen  silk 
the  prepare iiou  of  sD-eiilled  court- plaster  and  cements,  be  sabstitiitcd  good 
Under  tliu  name  of  Ichtt^aetrlh  Ffaii0ht\  Rohart  some  years  ago  inirodncedft 
tute  for  isinglass,  a  comi^ound  said  to  be  obtained  from  fibrin  of  blood  and 
Itecently  tliree  substitutes  for  glue  have  been 

2.  Albumen  glue  {caOi 
%igHaU  ou  alhuminoide.  3.  Caseine  glue  (coUe  camM).  The  first  is  a  niii^tBif 
of  gluten  and  fermented  fiour.  It  is  a  very  sour  mixture,  endowed  wiih  bsl 
very  slight  adhesive  power.  Albumen  glue  is  partially  decayed  gluLru,  (k 
substance  largely  obtaioed  in  tlie  manufacture  of  starch  from  wheat^n  Bus 
thoi'oughly  washed  with  water,  and  then  exposed  to  a  temperatitre  of  15'  to 
which  it  bo^ns  to  ferment  and  become  partly  fluid,  or  more  correctly  soft,  to 
admit  of  being  poured  into  moulds  which  are  placed  in  a  room  heated  to  zy  or 
for  twenty  four  to  6:>rty  eight  hours.  The  surface  having  become  diy 
to  admit  of  tl>G  cakes  being  handled,  tliey  are  taken  irom  the  moulds  and 
dried  by  being  placed  eitlier  on  canvas  or  on  wire  gauze.  After  four  to  five  day* 
cakes  are  quite  dry  and  fit  for  being  kept  in  a  dry  place  for  any  k'ngth  at  time 
solution  of  tliis  Bubstance  in  twice  its  weight  of  water  constitutes  a  nortual 
which  may  Ik^  dilulcd  according  to  tlie  use  desired  to  be  made  of  it.  This  kind 
glue  may  be  used  for  tlie  following  purposes : — Glueing  wood,  cementing  ^1 
porcelmut  earthenware,  mother-of-pearl,  for  pasting  l€»ather,  paper,  and  cardboard; 
may  furtlur  serve  as  weavers  glue,  and  as  dressing  for  silk  and  other  Wi 
fabrics  ;  al^)  for  a  mordant  instead  of  albumen  in  dyeing  and  printing 
fabrics  ;  and  lastly,  for  clarifying  liquids. 

Caseine  glue  is  prepared  by  dissfdving  caseine  in  a  strong  aolation  of  bonuL 
thick  Huid  Ujus  obtained  has  great  adhesive  powers  N^nd  may  be  advani 
employed  by  Joiners  ond  bookbinders.     What  is  kuo\\^l  as  elastic  glue  i^  a  pi 
tion   of   glue   and   glycerine,   by   the    addition   of  which   glue    tuuy  be 
pormancutly  (*lastic  and  soft.     It  is  prepared  in  the  following  manner  :■ — Glm 
nj.  Ited   in   wator   by  tlje   tutl  of  a  watif»r-bath»  into  a  very  tliick  paste,  to  wl 
glycerine  is  added  in  tlte  Bame  quantity  by  weight  as  that  of  the  dfy  glue. 
mixture  is  thoroughly  stirred  and  then  furtlicr  heated  in  order  to  evaponde  dn 
excess  of  water.     The  mass  is  tlten  cast  on  a  marble  slab,  and  after  oooUog, 
for  the  purpose  of  making  printer's  inking  rollers^  elastic  figures,  gal^ 
moulds,  &c. 
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Manufacture  op  Phosphorus 

BfiJ  Properties.  Pliosphorus  was  discovered  in  1669  by  Brand,  at  Hamburg,  and 
tared  by  him  from  urine.  In  1769,  Gahu/a  Swedish  chemist,  first  prepared  this 
lent  from  bones;  his  mode  of  preparation  being  improved  in  177 1  by  his 
brated  countryman,  Scheele.  Since  the  introduction  of  phosplionis  matches,  its 
nfacture  has  become  one  of  the  most  important  technical  operations.  Phos- 
us  occurs  largely  in  the  mineral  kingdom  as  phosphoric  acid,  but  for  the  mana- 
ire  of  phosphorus  in  sufficient  quantity  only  in  such  minerals  as  apatite,  phos- 
ite,  and  staffelite. 

losphorite  is  found  in  various  localities,  as,  for  instance,  near  Diez,  Weilburg, 
Amberg  and  Rcdwitz  in  Bavaria.  Some  of  this  phosphorite  is  very  rich  in 
phoric  acid,  a  sample  of  that  found  near  Diez  having  yielded  on  analysis  (by 
rsen,  1866),  37*78  per  cent  of  phosphoric  acid,  corresponding  to  1606  per  cent  of 
phorus. 

mnuon  of  phonphonis.  Boue-asli  is  uow  the  only  material  used  by  phosphorus  makers, 
le  commercial  preparation  of  phosphorus  has  not  succeeded  by  using  either  apatite 
other  varieties  of  pure  phosphorite  which  contain  about  18  6  per  cent  of  phos- 
•us — as  well  as  sombrerite  (a  mineral  met  with  on  the  American  island  of  Som- 
3),  consisting  of  phosphate  and  carbonate  of  lime,  and  imported  into  England  for 
nanufacture  of  superpliosphates ;  or  the  Navassa  guano,  also  imported  from  the 
ed  States,  containing,  according  to  Ulex's  researches,  one-third  of  its  weight  of 
.phoric  acid;  or  phosx)hate  of  iron,  as  proposed  by  Minary  and  Soudray, 
ifitilling  that  substance  with  previously  weU-ignited  coke-powder. 

mes,  as  used  by  tlie  manufacturers,  contain  : — 

In  dry  stjite,  but  not  ignited,  from  11  to  12*0  per  cent  of  phosphorus. 
As  bone-black  „     16  to  i8'0    „      „      „        „ 

Asbone-ash  (white  burnt  bones)  „    20  to  25*5    „      „      „        „ 

16  composition  of  bone-ash  is  exhibited  by  the  following  results  of  analysis  :*• 

X.  2. 

Carbonate  of  lime  * io'07  9*42 

n  osphate  of  magnesia 2*98  2*15 

Tiibasic  phosphate  of  lime    83*07        8439 

Fluoride  of  calcium 3  88  405 

le  bone-asli  is  decomposed  by  means  of  sulphuric  acid,  according  to  a  plan  first 
ested  by  Ni(olas  and  Pelletier: — 

a.  Bone-nsh,  Ca3!POJ2       \     •  , ,    f  Acid  phosphate  of  lime,  CaH4(P04)a 
Sulphuric  acid,  2H2SO4)  ^®^^   I  Sulphate  of  lime,  2CaS04. 

le  acid  phosphate  of  lime  is  heated  with  charcoal,  and  converted  by  loss  of  water 
metaphosphate  of  lime : — 
b.  Ca) 


g|  iP04)a-2HaO=Ca(P03)a. 

N ^ •  . , * 

Acid  phosphate  Metaphosphate 

of  lime.  of  lime. 
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The  mctaphospliate  of  lime  yields,  when  ignited  to  white-heat  with  charcoal,  two- 
thirds  of  its  weight  of  phosphorus,  while  one-third  remains  in  the  residue : 

c.  Metaphospliate  of  lime,  zC^-^O.^^  ^^^,A  p"^>f' '  ■  P^^'^.f  ^^^^^f  1^^-  CajiPO,). 
Charcoal,  loC  ^  ^  a       ^Id   Carbonic  oxide   loCO 

'  I  Phosphorus,  4P. 

The  ordinary  mode  of  preparing  phosphorus  includes  tlie  following  operations:— 
In  some  instances  the  preparation  of  phosphorus  is  cotemporaiy  with  other 
businesses,  viz.,  glue-boiling,  the  preparation  of  sal-ammoniac,  yellow  pmssiate  of 
potash,  &c.,  but  generally  in  England  tlie  phosphorus  makers  do  not  even  bom  the 
bones  to  ashes,  but  purchase  bone-ash  and  occasionally  apatite ;  this  salt,  howercr, 
is  very  difEcult  to  treat  with  sulphuric  acid,  and  is  also  objected  to  on  account  of  ill 
hardness,  for  it  has  to  be  ground  to  a  very  fine  powder.  English  makers  only  einj 
out  tliese  four : — 

1.  Burning  the  bones  and  grinding  the  bone-ash  to  powder. 

2.  Decomposition  of  the  bone-ash  by  sulphuric  acid,  and  evaporation  of  the  vai 

phosphate  previously  mixed  with  charcoal. 

3.  The  distillation  of  the  phosphorus. 

4.  The  refining  and  preservation  of  tlie  phosphorus. 

BurninK^of  the  Done.  j  The  boucs  to  bc  uscd  for  phospliorus  making  are  obtiinei 
either  from  bone-boilers  or  from  the  waste  bone-black  of  sugar-refiners.  The  aim 
of  the  ignition  of  the  bones  is  the  complete  destruction  of  the  organic  matter.  H* 
operation  is  conducted  in  a  kiln  very  similar  to  those  in  use  for  burning  lime.  A 
layer  of  bnishwood  having  been  put  at  the  bottom  of  the  kiln,  bones  form  the  next 
stratum,  and  so  on  alternately.  The  wood  having  been  lij^hted,  the  combus- 
tion of  the  bones  ensues.  In  order  to  carry  off  the  fumes,  the  .smell  of  which  is  tcit 
offensive,  a  hood  made  of  boiler-plate  is  placed  on  the  kiln,  and  either  connected  wiih 
a  tall  chimney,  or  the  smoke  and  gases  are  conducted  into  the  fire  of  the  kiln  and 
burnt.  The  white  burnt  bones  are  withdrawn  through  an  opening  reserved  in  the 
wall  on  purpose,  the  kiln  being  kept  continuously  in  operation,  as  is  the  case  with 
some  lime-kilns. 

100  kilos,  of  fresh  bones  yield  from  50  to  55  kilos,  of  white  burnt  bone-ash,  which 
is  converted  into  a  coarse  powder  by  means  of  machinery. 

^"^'^T^suiihtuic  Ad.'r  '^'^  2.  100  kilos,  of  the  bone-ash,  of  wliich  about  80  per  ceat 
is  tribasic  phosphate,  require  for  decomposition  : — 

10673  kilos,  sulphuric  acid  of  1*52  sp.  gr. 
8568       „  „  „     „    170  ,.    „ 

7363       M  .•  »     ».    i"8o  „     „ 

Payon  advises  that  for  100  kilos,  of  bone-ash  100  parts  of  sulphuric  acid  at  50  per 
cent  or  i'52  sp.  gr.  be  taken.  The  operation  of  mixing  the  acid  and  bme-ash  is 
effected  in  lead-lined  wooden  tanks,  or  in  wooden  tubs  internally  coated  with  pitch  or 
coal-tar  asphalte.  The  liquor  decanted  from  the  precipitate  has  a  Kp.  gr.  of  105  to 
107  =  8"  to  10''  13.  The  sediment  is  lixiviated  with  water,  and  the  liquor  obtained 
(=  5-  to  6"  B.)  evaporated  with  the  first  liquor  in  leaden  pans.  A  .second  lixiviation 
of  the  sediment  yielils  a  fluid  which  is  used  instead  of  water  for  tlie  purpose  -4 
diluting  the  oil  of  vitriol.  The  evaporation  in  the  leaden  pans  ithosc  are  smaller,  hut 
otherwise  similar  in  construction  to  those  used  for  evaporating  sulphuric  acid  is 
continued  until  the  fluid  has  attanicd  a  sp.  gr.  of  145  =  45''  13.,  when  it  is  mixed 
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with  charcoal-powder,  or  rather  granulated  charcoal,  of  the  size  of  smull  pea8»  in  the 
proportion  of  20  to  25  parts  of  charcoal  to  100  of  Hquor,  and  quickly  dried  after 
having  been  put  into  cast-iron  pots  placed  on  a  furnace. 

The  dry  mass  consists  of  pliospliate  of  lime,  carhun,  and  water,  to  an  amount  of 
5  to  6  per  cent.  At  the  coumicncement  of  the  mauufactare  of  phosphorus  the  idea 
prevailed  that  in  the  preceding  preparation  the  phosphoric  acid  was  present  in  free 
fitAte.  while  the  lime  had  combined  with  sulpliuric  acid;  but  Fourcroy  and  Van* 
^uelin  finding  Uiat  the  tri  basic  phoaplmte  of  lime  aa  met  with  in  boae-aah 
(Ca^ (postal  was*  by  the  action  of  the  sulphuric  acid,  converted  into  acid  phos- 
]»hate  of  lime  (CaH4<P04)3^  flupposed  Ihat  more  sulphuric  acid  was  required, 
«.&  opinion  opposed  by  Javal.  who  proved  that  when  pure  phosplioric  acid  in  inti- 
mat<^ly  mixed  with  carbon,  it  yields  only  a  small  ffUFintily  of  jjlu>splioru3,  because  the 
acid  is  volatilised  at  a  temperature  lower  than  that  refitiired  fur  iU  decomposition,  or 
rather  reduction  by  carbon.  Owing  to  tlie  presence  of  water  in  the  mixture,  Uiere  is 
given  oif  during  the  distillation  in  addition  to  oxide  of  carbon,  carburetted  and 
phosphuretted  hydrogen. 

DutuiaU'ia  pt  Fhi»pham«,  3.  The  mixture  of  acid  phosphate  of  lime  and  charcoal  ii 
distilled  in  fire-clay  retorts  similar  in  shape  to  those  used  for  distilling  Nordhausen 
sulphuric  ftcid,  while  the  furnace  in  which  these  retorts  are  placed  is  also  similar  ill 
construction  and  holds  twelve  retorts  on  each  side.  The  body  of  the  retorts  is 
placed  on  the  side  of  the  fire,  while  the  neck  passes  through  an  openin^^  in  the  wall 
of  the  furnace,  that  portion  of  the  wiiU  haitig  only  hghtly  bricked  up,  as  the  retorts, 
afii^r  tht'  distillation  is  finislied  aud  the  furnace  cooled,  have  to  bo  removed,  in  order  to 
clear  out  tlxe  residue  and  introduce  fresh  mixture.  Between  each  pair  of  retorts  is  left 
ft^ipuce  o  some  12  to  15  centinis,,  in  ordfrto  atlord  room  for  tlie  passage  of  tlie  tlame. 
A^-*  already  mentiontd,  tlie  heat  causes  the  acid  phosphate  of  lime  iCiiH^iPO^'^'^tobe 
inverted  into  nietaphos|)h!ite  of  calcium  (CatPU^'aii  which,  willi  inireased  heat, 
kvi^a  off  two-tldrds  of  its  phosplioms,  tlicre  being  lelt  in  the  retorta  one-third  in  the 
hape  of  tri-phosphate  of  calcium  iCa^lPO^jal-  The  receivers  used  in  Germany  are 
constructed  in  tlie  following  manner : — The  material  ia  clay,  glared.  The  receiver 
consists  of  two  parts,  one  of  which  is  a  evliTidrieal  vessel  open  at  the  top.  into 
which  the  otlier  part  fit*?,  and  is  fixed  by  menus  of  a  rim  which  is  prolonged  so  as  to 
form  a  neck,  between  wliich  and  the  lirst  part  is  inserted  a  tube  fitted  on  the  neck  of 
the  retort,  wlule  the  other  end  of  this  tube  dips  for  about  10  centims.  into  the 
receiver,  the  latter  being  filled  with  water.  Into  each  retort  6  to  9  kilos,  of  the 
mixture  intended  to  be  operated  upon  are  introduced ;  the  retorts  are  then  placed  in 
the  ftmiace  and  the  brickwork  is  restored.  This  having  been  done,  tlie  lire  is 
•I  and  kept  up  verj-  gently  for  some  time  in  order  to  dry  the  fire-clay  used  in 
I  1^  the  bricks.  The  receivers  are  tilled  with  water  and  fitted  to  the  retorta, 
I  eadi  receiver  a  snmll  iron  spoon  is  placed  fastened  to  an  iran  ivire  which  serves 
.  dtem.  After  six  to  eight  hours'  firing  the  heat  lias  been  so  much  increased  as  to 
e»UBi5  tlie  expulsion  of  any  moisture  left  in  the  material  placed  in  the  retorts,  while 
qnantities  of  hydrocarhon  gases  and  oxide  of  carbon  are  formed  and  with 
&uJ{>hurous  acid  expelled.  Sabsequcntly  other  gases  are  given  off,  and  because  they 
cunUiiu  some  phosphurctted  hydrogen  are  sponianoously  intlamniable.  As  soon  at 
iJiis  phenomenon  is  observed,  the  joints  of  the  receivers  and  ftp2>aratus  connecting  it 
vrilh  tlie  retort  are  luted  witliclay,  care  being  taken  to  leave  by  the  insertion  of  lyj 

dch  are 
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possible  remoTed  by  well^iirraitged  TentiUtors  from  tiw  buildmg  in  wlikli 

fumace  is  plfu^cd.  The  appoarauce  of  amorphouB  pliospboms  at  the  smmll  i 
indicates  Uie  commencement  of  the  distillation.  The  spoon  is  then  placed  in  tls 
receiver  in  sucli  a  direction  that  any  phosphorus  coming  over  ta^y  eolkrl  m  % 
During  the  progress  of  the  operatiou,  and  as  long  as  any  phosphortia  dit»iiib«nr, 
the  evolution  of  combustible  gases  continues,  and  consequently  a  small  bla«-<xii|dani 
Hame  is  (Observed  at  the  opcniiif^  in  tlie  lute.  The  water  in  the  recM 
kept  cool  during  the  operation.  After  fortj^-six  hours,  with  a  greatly  tnereafrc: 
a  full  white-heat  is  reached,  and  the  quantity  of  phosphorus  coming  arer  i 
decreased  so  much  as  to  make  a  continuatiiut  of  tlie  ignition  process  waal^fuL 
reoeivers  are  therefore  disconnected  from  the  retorts,  and  tlie  crude  pbosphonti,  I 
mixture  of  silicide  of  phosplionis,  cBrbmet  of  phosphoms.  amorpbooa  phosphor 
other  allotropic  modi  fictitious  of  this  element,  is  poured  into  a  tub  contaimiig  1 
Tlie  furnace  having  become  cool  is  broken  «p  and  the  retorts  are  removed,  the< 
tents  tftken  out  with  an  iron  spatula,  and  the  retorts  replaced  after  having  1 
re-filled  with  fresh  mixture.  loo  kilos,  of  the  mixttire  yield  about  14*5  kihu.] 
crude  and  126  kilos,  of  refined  phosphorus.  As  to  Wohler'fi  metljod  of 
pliosphonis  by  the  ignition  of  a  mixture  of  charcoal,  sand,  and  bone-ash,  th<ll 
is  not  weO  adapted  for  practical  use,  because  it  requires  a  very  high  teoi| 
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wliich  would  melt,  or  nearly  so,  and  at  any  rate  soften,  the  returts.     Moreover,  t 
proposed  mixture  contains  only  one -third  the  quantity  of  phosphorie  add  met  \ 
in  ilie  mixture  now  in  general  use, 

"*thi°EiIith*^fSIr*^      4    ^®  lilready  stated,  the   crude  phosphorus  is  cont 
with  carbon,  silicium.  red  and  black  physphomg,  and  various  other  impurities, 
in  firmer  dhVH  were  eliminated  by  forcing  the  phosphorus  through  the  pores  of  a 
wash-leather  by  means  of  a  machine  exhibited  in  Fig.  257,  c  representing  a  tightl 
tied  piece  of  wash-leather  containing  the  crude  phosphorus,  the  bag  being  placed  < 
a  perforated  copper  support,  situated  in  a  vessel  tilled  with  water  at  50^^  to  60*. 
soon  BS  the  phosphorus  is  molten,  there  is  placed  on  the  wosh-leather  a 
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MIfllie,  o D,  which  t>y  the  aid  of  the  mechanical  arransempnt  K.  RntTmelpVer,  o  o,  can 

■  l>e  forced  downwards  so  ji4*  to  tniutiu  the  llaid  pho.sphifnis  to  pass  throu;^h  the  pores  of 
Itbe  leather,  tlie  impurities  being  retained.  More  recenilj  French  nmnufactiirers 
tlmve  introduced  aiiotlicr  system  of  purifying  phosphorus,  viz,:—/!.  By  liltrution 
I  through  coarsely -powdered  charcoal,  which  is  placed  in  a  layer  of  6  to  10  centiius,  on  ft 
I  |ierfornted  plate  of  the  vessel  a,  Fig.  238,  two-lbirdn  tilled  with  water,  kept  by  means  of 
I  ilie  water-bath,  11.  at  a  temperature  of  60°.  The  niolti^u  phosjihorus  placed  ou  a  passes 
I  thfough  Uie  layer  of  charcoal,  and  is  tliereby  purified.  It  Hows  tlirough  the  open 
I  lap  o  and  the  tube  e,  being  c^dlecled  in  the  vessel  f  filled  with  water,  maintained  by 
I  meftns  of  the  water -bath,  o,  at  a  tempernlore  sufficiently  bigb  to  render  the  phos- 
I  pborus  fluid,  so  that  it  may*  when  aided  by  liydranlic  pressure,  pass  throu;j^b  the 
1  jierforuted  bottom,  h,  and  the  wash-leather  spread  over  it.  The  filttjnjd  phosphorus 
I  may  be  run  oflf  by  means  of  the  tap  j, 

I  Accor<ling  to  another  process  of  purification  {h},  porouw,  unglazed  porc<?!ain  or 
I  wulhenware  plates  are  nxed  in  an  iron  cylinder  connected  with  a  steam-boiler  The 
I  tieam  yielded  by  the  hittt  r  forces  the  molten  phosphortis — previously  mixed  with 
I  oharcoal  powder  for  the  pnrjjose  of  preventing  tlie  pores  of  the  plates  becoming 
I  clioketl — ^through  tlie  earthenware  plates.  The  charcoal  containing  some  phosphorus 
I  is  used  in  the  dintiilation  of  tJie  phosphorus*  This  metliod  of  purification 
I  fittldii  t'rora  100  kilos,  of  crude,  95  kilos,  of  relined.  pht>sphorua.  In  Germany  crude 
I  phosphorus  is  purified  by  disftiUation,  this  operation  beiug  carried  ou  in  iron  retorts 
I  of  a  peeuliar  make  and  shaped  hke  tliC  glass  retorts  used  in  chemical  laboratories. 
I  The  neck  of  these  retorts  dips  for  a  depth  of  15  to  io  miliinietre^  in  ivuter  contained 

■  in  a  basin  filled  to  the  rim,  so  tliat  any  pho<<phorus  which  is  discharged  into  this 
I  water  causes  it  to  overflow.  The  crude  phosphorus  having  been  fused  under  water 
lis  next  mixed  witli  la  to  15  per  cent  of  its  weight  of  moist  sand,  and  tliis  mixture  is 
■placed  in  the  retorts  in  qtianlities  of  5  to  6  kilos,,  the  object  of  the  mixing  with  sand 
||>eiiig  to  prevent  tlie  phosphorus  becoming  ignited  during  the  tilling  of  the  retorts, 
BC'rude  anhydrous  phosphorus  yields  by  this  proeess  of  distillation  about  90  per  cent 
iof  the  refined  product.  In  a  phosphorus  manufactory  at  Paris  the  crude  phosphorus 
lis  purified  by  chemical  means,  viz..  by  mixing  with  100  kilos,  of  the  crude  substance 
13*5  kilos,  of  sulphuric  acid  and  the  same  quantity  of  biehromate  of  potash  ;  a  slight 
reffcrvescence  ensues>  but  tJie  rcsuh  is  that  the  phospliorus  is  rendered  very  pure,  and 
|3ii>iy,  after  washing  with  water,  be  at  once  cast  in  the  shape  of  sticks.  The  yield  of 
raeHn»"d  phof^phorus  by  this  process  is  g6  per  cent, 

I    ^  -^  '•*       It  has  long  been  the  custom  to  mould  phoejdiorus  into  the  shape 

■of  St  i'  '^-  ^L-iii>ed  by  the  aid  of  a  glass  tube  open  at  both  enxls,  one  of  tliese  being  placed 
Win  molten  phosphorus  covered  by  a  stratum  of  warm  water.     The  hquid  phosphorus 

■  fit  sucked  by  the  operator  into  tlic  tube  until  it  h  quite  filled.  The  lower  opening  of 
■tlie  tube  being  kept  under  water  is  closed  by  the  finger  oS  the  operator  ;  tlie  tube  is 

■  instant iy  transferred  to  a  vessel  tilled  with  very  cold  water,  by  which  the  phosphorus 
Eis  solidified.  It  is  removed  from  the  glass  tube  by  pushing  it  out  with  a  glass  rod  or 
liroii  irire  wliilc  being  held  under  water.  Instead  of  suction  by  the  mouth,  a 
Icaoittchonc  hag  similar  to  that  used  in  volumetric  analysis  for  the  purpose  of  sucking 
Eliqnids  intii  pipettes  may  be  employed.     In  the  French  phosphorus  works  the  ghiss 

■  tubes  ure  fitted  at  the  top  with  an  iron  suction  tube  provided  with  a  stop-cock.  The 
I  operator,  wlto  bus  from  one  to  two  thousand  of  these  tubes  at  his  disposal,  sueks, 
l-«>itlier  by  mouth  or  with  a  caoutchouc  bag^  the  molten  phosphorus  into  the  gltkus  tube, 
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and  liaviiig  turnod  off  tlie  stop-codc^  rapidly  trftiisfera  the  tube  to  a  vessel  fiUc«l  ^ 
cold  water,     Whun  till  iho  tiibos  iirc^  fillL*d  the  phosphorus  ia  reoioved  by  opening  ( 
gtap-<.'ock  and  pualiiug  the  slick  out  by  thfj  aid  of  a  wire.     A  clever  vrorkmaa  I 
mould  in  this  way  2  cwts.  of  plio&phorus  <h\ily, 

Arinther  mode  of  ptirformiug  tlie  mcjuldiiig  has  been  introduc^ni  by  Seubcrt.  ITtf 
apparatus  contrived  by  him  for  this  purjtose  is  exJiibit^d  in  Fig.  260,  and  consists  4 
a  copper  boiler  fitted  on  a  furnace ;  to  tiie  flat  bottom  of  this  boiler  la  fft«fenf<d  tf 
hard  solder  an  open  copper  trough  communicating  with  the  watertank,  c.  In  iIm 
boiler  ivS  fitted  a  copper  funneh  a»  provided  with  a  horizontal  tahe,  B-  Th»s  [>*ifti«in 
of  tlie  apparatus  is  intended  for  the  reception  of  the  phosphorus,  of  which  it  mH 
hold  8  to  10  kilos.  At  the  end  of  Uie  horizt>nt3il  tnbe,  b,  is  placed  a  stop-oock.  K« 
while  the  portion  of  the  projecting  mouth  of  the  tube  beyond  the  cock  iB  wtdeoii 
owt  and  fitted  by  menns  of  bolts  and  nuts  with  a  ttange-Uke  copper  platCt  i**to  whkbl 
inserted  two  glass  tiibea,  a  a.  Into  llie  copper  trough  is  let  a  wooden  partilioo,  i 
which  serves  the  purpose  as  well  of  supporting  the  glass  tnbes  as  of  prevKnti 
tlie  couuouuicatiau  of  the  hot  water  in  the  boik^r  and  a  p<jrtion  of  the 
with  tlie  cold  water  of  the  tank  and   the  portion  of  trough  nearest    to   it 
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vessel  A  having  been  filled  with  refined  phosphorns.  the  water  In  n  U  gently  1 
80  as  to  cause  the  fusion  of  the   phosphorus.     As  the  warm  water  rcaches-ij 
partition,  e  <?,  it  is  clear  that  on  opening  and  closing  the  tap  b,  sonve  phospho 
pas»  through  and  (low  out  of  the  tubes  a  a,  but  that  remaining  in  these  liib«ti 
solidify,  and  on  opening  tbe  tap  b  again  the  solid  sticks  of  phosphoms  wxf  < 
removed  from  the  glass  tubes  by  taking  hold  of  the  piece  of  projecting  phosphoil 
tlie  pli*  sphorus  being  immediately  immersed  under  water  in  the  tank  r,  and  \ 
there  protected  frum  Uie  aetiou  of  the  light.     While,  according  to  Seuliert,  it  ^^ 
Iwj  possible  for  a  workman  to  mould  in  an  hour*9  time  30  to  40  kilos,  of  phot»pb«jn 
Fleck  has  found,  tliut  under  tlie  most  favourable  conditions  of  temperature,  it  ( 
aiic  hour^  to  mould  50  kilos,  of  phoi^phorus.     If  it  is  desired  to  prepare  gratiokil^ 
phosphorus  with  this  appaiatus,  a  stratum  of  6  to  8  cenfima.  tliickness  of  hut  ^Tiiefl 
so  carefully  poured  on  coUl  water  as  not  to  mix  ;  next  the  tap  n  is  opened  sniBcitftilT 
to  cause  ilie  phosphorus  to  form  drops,  which,  immediately  on  fiidlitig  into  the  < 
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imter,  becomes  a  liar«l  mMd  mass.  For  practical  purposes  j^anuhitrd  plknapb*»rus  ia 
prtfferable  Ui  the  motiliteil  clicks.  The  plioijphoni:*  is  stored  eiiln^r  in  bUou;*  sheet- 
m>n  iaaks  or  in  woodefi  Imxea  lini^d  with  thiorjer  iliiiuedj  slieot  iron,  tjieso  vessela 
t>«?iii)X  capaWo  of  holdiug  6  cuts,  of  pho?iphorufe  covered  with  a  strtiiuiu  of  water  fully 
3  centims.  deop.  Wiito  larjze  quantities,  Bay,  from  i  to  5  cwts  ,  of  (jliusphunis  have 
to  be  sent  off.  it  is  usmilly  jviuked  in  water  in  enia!!  wine  casks,  aud  the  ca^ks  having 
been  tightlj  closed,  iij«  coated  externally  with  moltea  pitch,  then  rolled  tlirough 
chair,  and  lastly  covered  with  stout  canvas  sewed  tightly  round  tlie  cask.  Another 
iiM?thod  of  packing  phospliorus  consists  in  placing  it  in  wdlTnade  water-tight  sheet- 
iron  or  tinned  iron  canislcrR,  such  as  are  largely  used  in  Loudon  for  the  purpose 
more  particularly  of  conveying  oil  painfa,  and  which  are  closed  by  soldering  on  a  lid 
Teiy  securely.  In  some  cases  these  canisters  are  packed  in  wooden  boxes  to  the 
U»i "'*"•'  "^'  six  or  twelve  according  to  size  and  weight. 

!^M.hI*TO*'^  Among  the  many  suggestions  as  to  tlu-?  prepamtioTX  of  phoa- 
phot  LIS,  \ve  tuay  mention  Donovan's  plan  of  obtaining  this  eh-aient  hy  the  calt*ination 
of  a  mixture  of  finely  divided  charcoal  and  phosphate  of  lead,  prepared  by 
digesting  10  kilos,  of  broken- up  bones  witli  6  kilos,  of  nitric  acid,  and  40  litres 
0f  water  ;  tliis  hijuid,  after  having  been  decanted  from  tlie  gehilinoua  material  of  the 
bones,  ia  treated  with  a  solatiou  of  8  kilos,  of  acetate  of  lead.  The  washed  and 
ied  precipitate  of  phosphate  of  lead  is  next  ignited,  and  afterwards*  when  cold, 
lixed  with  one  sixth  of  its  weight  of  himp-hlaek  or  charcoal  powder,  Cari-Mon- 
Biud  expoiaes  a  mixture  of  bone-ash  and  carbonaceous  nmtter  at  red  heat  to  the 
Btton  of  hydroclilnrie  acid  gas : — 

(Phosphorus.  ]\ 


Calcium  tri  phosphate,  Ca3(P04)2 
Carbon,  80 
Hydrocliloric  acid,  6CIH 


L   '^Tj  J  Chloride  of  ct»k  ium,  3CaCl 
I  ^^^"^  J  Hydrogen,  3 Ha 
vCarbonic  oxide  1 


vCarbonic  oxide  gas,  800 

Neither  of  these  metJvods  have  been  tried  practically  on  tlie  large  scale. 

r<k»pr..«M.  By  fhis  mcthod  tlie  prepftration  of  phosphorus  is  allied  to  that  of 
Jue-  and  size-making.     Tlie  process  is  based  upon  the  sohibilJty  of  phosphate  of 

no  in  hydrochloric  acid,  and  the  separation  of  an  acid  phosphate  of  lime  on  the 
^aporation  of  the  solution,  carried  on  in  earthenware  evaporating  basins.  Theo- 
tically,  156  parts  of  tribasic  phosphate  of  lime  fCa^tPO^i^)  require  73  parta  of 

hydrous  hydrochloric  acid,  whereby  are  formed — of  chloride  i>f  culcium,  iii  ;  of 
cid  phosphate,  ico;  and  of  water,  18  parts.  By  the  ignition  of  100  parts  of  acid 
lio<q>hate   of  lime  with  20  parta  of  carbon,  nre  generated — of  phosphorus,  213; 

lri-ph'*9pliate  of  lime,  52  ;  and  of  oxide  of  carbon,  467  parts. 

By  re-hcatlDg  tlie  tri-phosplmte  of  lime  remaining  in  the  retx)rts  witli  hydro- 
bloric  acid  anotlier  portion  of  acid  ptiosphate  of  liine  might  be  obtained  ;  and  as  far 
i  experiments  have  been  nuide,  it  is  proved  that  it  is  possible  to  extract  all  iiio 
ht>sphorns  cnutained  in  hones,  by  working  with  hydrochloric  acid  free  from 
Itlphtiric  acid,  aud  carchilly  eviipornting  the  acid  solution  thus  ohUiiued.  Pructi- 
lUy  tlie  process  includes  the  following  operations: — 1,  Cleaning,  brenkinj?  up,  and 
ihausting  the  bones.  2.  The  evuporation  of  the  acid  liquid  ;  crytstaUisatiun  of  tjio 
id  phosphate,  and  mixing  of  the  latter  with  charcoat  3.  Tlie  distil  hi  lion  aud  pui'iii- 
htion  of  the  phosphorus  ;  and  finally, — ^4,  The  glue  boiUng.     The  lnjnes,  preTiously 

ashed  and  deprived  by  boiling  of  the  fat  they  contain,  are  niaeiTutcd  in  dilute  hydro- 
bloric  acid  at  7*  B.  =  sp.gr,  i  048,  and  then  in  a  stronger  acid  at  30  B.-sp.  gr.  1  246» 
k  which  the  bones  are  left  until  they  have  become  quite  soft.    The  Liquid  which  has 


544 


CHEMICAL  TECHNOLOGY. 


Ckmlvlr,  rr«r1«tui  Mluiiry. 
Prvpurlnf  PlKwptaonuu 


served  this  purpose  is  afterwards  employed  with  water  in  prfpftring  the  finl 
liquor  for  the   exhausting  of   the  bones.      The  ftr«t  liijnor,   a  eolqtitm  of  m 
phosphate  of  hrne  isuiifrphosphate}  and  chloride  of  t^oU'imn,  obtains  a  8p.  gr, 
i"ii8=  16*"  B.     This  iicid  liquid  is  evaporated,  jiut  ihi«  o[>tTalioii  cannot  be 
led  with  in  leudrn  veaaeb,  and  there  is  some  difficnlly  in  fijiding  rerj 
evaporating  basins   made   of   poreelain   or  eortlienware    which    will    answer 
purpose.     As  soon  as  the  liquor  has  rencbed  a  density  of  30"*  B  =  sp.  j^r,  1*246^  it  ii 
sufficiently  concentrated   to  cryBtallise;   on  cooling,  die  eirstitls,  having  h 
means  of  pressure  separated  from   the   niotherliquor,  are  mixed  with  oat- 
of  their  weight  of  charcoal  powder.     They  are  theu  lien  ted  to  100"  in  tha 
or  earthenware  vessels,  so  as  to  obtain  a  dry  tniws  which  admits  of  being 
throu^'h  a  copper- wire  j^auze  sieve,  after  which  tlie  material  is  put  into 
sliaped  retorts  and  cttlcined  for  the  purpose  of  yielding  phusphoFUS.     Hic 
left  in  the  retorts  is  afterwards  calcined  witli  access  of  air  so  aa  to  bum  off  lh» 
charcoal t  and  the  remaining  phosphate  of  lime  is  again  treatetl  with  strong  hfto^ 
chloric  aeid^yieldinj,^  a  concentrated  liquor  which  does  not  require  much  evapofatiAk 
The  phoHpliorns   obtjiined   by   tliia    process   is   refined  as   already   descnbod, 
softt^ned  bones  being  treated  for  glue  and  size. 

According   to   a   commimication  published    by  Gentele  lA 
1S57,   ilpou    a    plan   of  phosphorus  manufacture,   ba  CfllD- 
bines  that  industry  with  the  preparation  of  sal-ammoniac    Tlie  bonea  ars  tnahl 
\viih  hydrochhiric  acid.     To  the  resulting  aolution  crude  carbouate  of 
added  :  this  substance  being  obtained  as  a  by-product  of  the  manufacture  ot 
oliarcortL     The  pkospliate  of  lime  precipitated  is  emphned   in  the  preparation  d 
pliosphorys.  while  the  solution  of  chloride  of  amniouium  is  evaporated  and  8uMLi*ie«l 
Gerlnnd  (1864)  suggests  the  treatment  of  bones — ^lirst,  with  an  aqueous  &• 
sulphurous  acid,  the  heating  of  tlie  liquor  obtained  with  tl»e  view  of  ex|H'iuii^  v«. 
acid,  wliich  being  iij^ain  absorbed  by  a  layer  of  coke  (a  coke  column  such  as  u^edta 
alkali  works  to  absorb  hydrochloric  acid),  the  phosphates  first  held  i' 
precipitated  hy  the  elimination  of  llie  siilphiuous  acid,     Minaiy  and  :- 
proposed  to  prepare  phosphorus  Irom  a  mixture  consiatiug  of  jdio^phate  of  irou  tai,, 
well-ignited  coke. 

nvi>«rtUrioiPfc.i^h«niA.      When  perfectly  pure  and  kept  under  disUUed  water*  wliid 
previously  to  heiu;^  employed  for  Oiis  purpose  has  been  by  boilini^  deprived  of  ll* 
air  it  lield   in   sohition»  and   has   been    cooled   either   under  u  layer  of  oil  or  01 
weil'Sloppered  b<jltles,  and  in  perfect  darkness,  phosphorus  is  a  cohnirless  and  irSB^- 
parent  substance;  but  usually  it  has  a  white-yeOow  colour  and  waxy  appearanot. 
Its  sp.   gr.  is  =  1*83  to  184,      Wlien  liie   temperature  of  the  air  is   not  too  lor 
this  element  is  as  soft  as  wax,  but  becomes  brittle  in  cold  weather,     Phospburai 
cannot  be  pulverised  ;  is  tough  ;  but  w hen  molten  in  a  bottle  under  %%arm  waUtr  anil 
shaken  until  the  fluid  is  quite  cold,  the  substance  is  thereby  reduced  to  a  fiai(f 
divided  state ;   instead  of  water  it  is  better  to  use  either  alcohul,  urin*',  or  a  "<ak 
aqueous  84>lutiuu  ♦>f  urea.     Phosphorus  fuses  at  44'  to  45%  and  remain ^ 
kept  under  an  aikjiline  fwdution,  fluid  for  a  considerable  time  though  co,  . 
its  melting-point,  but  tiolidifies  suddeidy  when  touched  by  a  stdid  body.    At  :igfi' 
phosphania  lx>ils,  and  it  evaporates  sensibly  at  tlie  onhnarj^  temperature  of  the  tie 
By  slow  oxidation  tfumes  of  phosphorus  are  given  off  at  the  ordinary  temperatonf  of 
the  air)  there  is  formed  not  only  phosphorous  acid  but  nitrate  of  ammonia  tfA 
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5  in  the  state  of  vnpour  sli»^lit!y  snlnble  in  water  Tlie  solid 
aelf  ia  alightly  soluble  in  alcohol  and  ether,  abso  lu  liiisci^il  oil  nnd  oil  of 
,  the  liest  solvents  htm^  sulphide  oi  ciu'bon,  chloride  of  suljihur,  and 
r  phosphorus.  At  75**  phosphorus  ignites  in  oontiiet  with  air,  and  in  order 
it  by  friction  this  temperature  has  to  be  reached.  Anioi-phoaa  or  red 
8  requires  a  very  hiVh  temperature  i^oo°)  for  ignition,  Coraniercial 
B  usually  contains  some  impurities,  such  as  snlphiir,  ai*senic,  and  stimetimes 
akium,  due  to  the  Hme  of  the  boneash  used  in  the  preparation.  Beside 
.  in  chemiistrv,  phosphorus  ts  chiefly  employed  in  the  making  of  mntches ; 
lat  is  termed  liquid  tire  (a  solution  of  phosphorus  in  sulphide  of  carbon),  for 
ation  of  tar  colours,  and  for  hardening  some  copper  alIo3^s. 
'iwJFhfl«pi>'»nM.  Dr.  Schrotter,  of  Vienna,  discovered  in  1848  that  the 
joesessed  by  ordinary  phnsphorus  (first  noticed  in  1844  by  E.  Kopp) 
ig  coloured  red  by  the  actii>n  of  lijTlit,  was  due  to  the  formation  of  an 
nodificationt  which  has  bei?n  since  tenned  red  or  amorphous  phosphorus, 
•t  prepared  by  heating  ordinary  phosphorus,  witli  oxclnsion  of  air  and 
i  dosed  vessel  and  under  pressure,  to  250'  for  a  lenj^th  of  time.  On  the 
I  ItitB  nperation  is  conducted  in  an  apparatus  invented  by  A.  Albright,  of 
m.  In  F\>;  26r,  fj  represents  a  glass  or  porcelain  vessel,  tilled  for 
of  its  capacily  with  pieces  of  phosphorus  to  be  heated  to  230"  to  250^ 
/is  placed  in  a  sand  bath,  h,  heated  by  the  lire*  To  the  vestjel  ff  is  iitted 
t  lid,  into  w!iich  is  fastentMl  the  bent  tube,  i,  provided  with  a  tap,  k,  and 
ito  the  vessel  «,  which  is  filled  with  water,  or  preferably  with  mercury 
Ih  a  layer  of  water  The  tap,  fr,  is  left  open  at  the  commencement  of  the 
hit  Becnrinj^  the  escape  of  Uie  air  contained  in  ff,  and  as  soon  as  no  more 
I  tlie  tap  is  closed,  and  yiq.  261. 

ncrt*Bsed  so  as  to  con- 
rdinary  into  amorphous 
s.  The  time  rerjuired  for 
ion  depends  upon  con- 
ich  can  only  be  met  by 
After  the  thorough 
the  apparatus,  the  vessel 
id,  and  the  red  phos- 
loved.  It  is  then  placed 
ir  and  crushed  to  a  pulp 
to  remove  any  nncon- 
Inary  phosphorus.  8uh 
arbon  might  be  used  for 
)8e,  but  the  dangler  of 
y  accident  f  of  the  solu- 
dinary  phowp horns  thus 
I  prohibitive,  Nicklds  proposes  to  separate  ordinary  from  amorphons 
S  by  shaking  up  the  mixture  of  amorphons  and  ordinary  phospliorus  with 
apeeific  gravity  of  which  is  lees  than  that  of  amorphous  pliusphorus  (2'i), 
rtliiut  that  of  ordimirj-  phosphorus  (i'84K  A  solution  of  chloride  of  cal- 
•  to  40'  B.  can  be  used  for  this  purpose  :  the  ordinary  phosphorus  floats  in 
nd  can  then  be  readily  taken  up  by  sulphide  of  carbon,  while  the  opera ti(m 
36 
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can  be  carried  on  in  ft  closed  vessel.  When  very  large  quantities  of  amorpbaai 
phosplioinis  have  to  h«  purified  it  is  best  to  follow  Coignet's  plan,  consisdiig  in 
trcaiinj^  tlie  bailing  mixture  of  the  two  varieties  of  phoKphorus  with  CAUSiic  sMla 
solution,  whereby  lliu  ordiimry  phospJjorus  is  converted  into  phosphuxetled  iiyd 
gas  and  hypoplioaphite  of  soda  is  formed,  the  remaining  amorphons 
being  purilied  by  was  hi  rig  with  water.  R.  Bottger  suggest*  the  use  of  a  sol^ 
sulphate  of  copper,  which  witli  otdinarj^  pliosphorus  forms  phasphur«^t  of  < 

**^'*'S£1»S»«S».^*^"       ^^^^^  substance  occurs  either  in  |K)wder  of  a  red  o(r 
coloQr  or  in  lumps  of  a  red- brown  hue;   fracture  condioidaJ,  sotneiitues  wittii 
iron-black  hue;  sp.gr.  =  21.     Amorphous  phosphorus  is  not  soluble  in 
of  carbon  or  other  solvents  of  ordinarj  pliosphorus.    It  is  unaltered  by  enf 
air;    and  wheu  heated  to  290"  is  re-converted  into  ordinary  phosphcmis. 
mixed  and  rubbed  with  dry  bichromate  of  potash  red  phosphorus  does  nol  1 
and  when  mixed  witli  nitre  it  does  not  bum  off  by  friction*  but  only  by  appha 
of  heat  and  then  noiselessly.     It  explodes,  however,  when  mixed  with 
of  potash.     Willi  peroxide  of  lead  amorplious  phosphorus  ignites  by  frieUyu  w;| 
slight  explosion,  but  when  heat  is  also  applied  a  violent  explosion  ensaca. 
Owing  to  its  properties  and  behaviour  witli  several  oxides,  moreover  ita 
tility  and  non-poit^ooous  properties,  amorphous  phosphorus  is,  as  well  aa  an  1 
of  its  less  ready  igTiitioii,  an  excelletit  material  for  the  making  of  ] 
amorphous  phosphorus  is  not  in  general  use  for  this  purpose.     It  is,  haweto^l 
for  preparing  iodide  of  phosphonis,  which  serves  for  tlie  preparation   of 
of  amyi,  etljylt  and  mtthyl,  used  in   the  manufacture  of  cyanin,  ctlijl  violet  i 
other    coal-tar    colours.      Sir  Wilham   Armstrong's  explosive  mixture   for 
containa  amorphous  phosphorus  and  cldorate  of  potash.    From  66,ckx>  cuts,  of  I 
there  are  annually  preptired  iu  Europe  some  5500  cwta.  of  phosphoms. 


REQnsiTEs  roR  Peoducino  Fjr£. 
oooiumuUttuidmftArT.      According  to  the  writings  of  the  ancients.  Proznctlicilt  < 
fire  from  stones  by  tlieir  concussion.     The  Romans  rubbed  togethcft  two  pn 
hard  wood  for  producing  by  friction  sufficient  heat  to  ignite  dry  lea%"es  falltn  \ 
trees ;  while  Barwin  and  the  Prince  of  Neuwied  state  that  tlie  imciviliaeil  i 
man  obtained  &re  by  tlie  i^apid  rotation  of  two  pieces  of  wood.     Turners  at  tin  j 
sent  day  employ  friction  in   tlie   carbonisatiou  of  wood  for  ornamental 
During  Titus  s  reign  the  Bomans  obtaiDed  fire  by  rubbing  decayed  wood 
two  stones,  along  with  a  small  thin  roll  of  sulphur.    In  tlie  fourteentli  centaiyJ 
tinder  box,  with  the  Hint  and  steely  became  kno\i^,  and  also  the  eo^cnU^d 
tinder,  a  prepared  cryptogamic  plant.     Till  182Q  these  remained  g€nt?nU3y  { 
chief  moans  of  obtaining  fire,  aided,  of  course,  by  the  wooden  splints  tipfied 
sulphur. 

In  the  year  1823,  Dobereiner,  at  Jena»  discovered  that  finely  divided 
platinum  has  the  property  of  igniting  a  mixture  of  atmospheric  air  and  1 
gas*  and  he  contrived  tlie  so-c^ilkd  Dobereiner  hydrogen  lamp,  which  hmm  \ 
is  stiU,  occasionally  employed  to  procure  fire  and  light.    About  the 
there  was  invented  a   kind  of  pliosphorus  match  of  the  following 
Equal  parts  of  sulphur  and  phosphorus  were  cautiously  fused  in  a  glass  1 
the  fusion  was  completed  the  tube  was  tightly  corked.    If  it  were  d«a&tcd  to 
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■TO,  a  thin  splint  of  wc>otl  wns  iinm<;rsed  in  tlm  mixtiire»  and  some  of  it  havinfi[  been 
Ex«d  to  the  wood,  tiie  latter  on  iRiug  broupfht  int«  the  air  became  ignited  by 
■lie  combustion  of  the  liiixtd  substances,  whicli  took  fire  sponUneously  in  the  air*]l 
ftl  is  evident  that  tins  ratJjer  cliinjsy  c^nitri  van<;e  never  became  geiieml.  Of  far" 
faore  importance  as  aniteU  for  praetical  pnqx>ses  were  the  chemical  matches  or  dip 
kplints,  first  manufactured  at  Vienna,  as  eurly  as  iSij.  Tliese  splints  were  tipped 
nrith  sulphur  covered  wiih  a  mixture  of  chlorate  of  potash  and  sugar,  to  whieli 
n)r  the  purpose  of  inipurtinj^  ct^lour  was  added  some  Vermillion,  wliHe  a  little 
klue  gave  a  pasty  and  ndheaivt!  consistency* 

I  By  touchin>f  this  composition  with  concentratcfl  sulphuric  acid  ignition  ensued; 
■he  wid  was  kept  in  a  small  ghuis  or  leadeti  bottle  into  whicli  some  asln^stos  bad 
Been  inserted,  which  acted  as  a  sponge  for  the  acid.  The  only  friction  matehea 
Known  tip  to  the  year  1844  were  discovered  and  made  by  M.  Chancel,  assistant  to 
ttliM  well' kno\m  Professor  Thenard  of  Paris,  1S05.  The  Promrtluting^  first  made  in 
|Bngbi.nd  in  or  !ib<iut  the  year  1830,  were  contrived  on  the  same  principle,  viz.,  the 
jignition  by  frietjon  between  twr,  bard  substancea  of  a  niixtUKj  of  chlorate  of  potash 
nnd  BU^ar  tixed  to  a  kind  of  paper  cigarette,  which  contained  also  a  small  [^laas 
Hloliole  tilled  witJi  sulphuric  acid  ;  liovvever,  tJ*e  liigli  price  of  this  kind  of  match 
■prevented  its  general  use.  Under  the  name  of  Congreves  the  first  real  friction 
pnatcliefl  were  made  in  1832,  On  tlie  sulpliur- tipped  splints  was  glued  a  snmll 
ktiantity  of  a  mixture  of  i  part  of  chlorate  of  potash  and  2  purls  of  tiluck  siilphuret  of 
Mxitimony,  to  which  some  gum  or  glue  was  added.  By  strongly  pressing  this  compo- 
sition between  two  pieces  of  sand-paper  the  mixture  became  ignited,  but  frefiuently 
UiSO  on  becoming  deta^^hed  from  th»3  wooden  splint  flew  about  in  all  directions  with* 
loul  igniting  the  sulphur  or  the  wood.  It  is  not  well  known  who  was  the  first  to 
Mnhstituie  phosphorus  for  sulphuret  of  antimony;  but  according  to  Nicklds  phoa- 
Ijdiorus  matches  were  already  in  use  in  Paris  as  early  as  1S05,  while  in  1S09  Derepaa 
[proposed  to  mix  magnesia  witli  phosphorus  In  order  to  lessen  its  great  inflammability 
I  when  in  fintdy  divided  state.  Derosne  (181 5)  appears  to  have  been  the  first  who 
btiiMie  phosphorus  friction  matches  at  Paris.  However,  it  was  not  before  tlie  middle 
■of  1&33  Uiat  phosphorus  matches  became  more  generally  known,  when  Preshel,  at 
kVienna  itlus  city  is  famous  for  the  match  and  fusee  industr>^  in  Germany),  made  not 
ioidy  pbospliorus  matches,  but  also  fuseea  and  German-tinder  slips  tipped  witli  the 
I  phosphorus  composition.  About  the  same  period  F.  Moldenhauer,  at  Darmstadt. 
I  made  phogphorus  lueifer  matches.  The  South  Germiins  attribute  to  Kammorer  the 
linvenUon  of  pht»sphonis  hicifor  matches,  while  in  England,  according  to  the  opinion 
lof  the  hite  celebrated  Faraday,  Johu  Walker,  of  Stockton,  Durham,  was  the  inventor 
lof  Incifer  matches,  or  at  least  tlie  first  maker.  The  older  kind  of  matches,  although 
rverj  combustible,  ignited  with  a  rather  sharp  report,  owin*^  to  the  presence  of  chlorate 
Lof  potash  in  the  mistture,  while,  moreover,  the  too  reody  ignition  by  concussion 
■ittidered  the  transport  of  these  matches  so  unsafe,  that  in  Germany,  the  transport, 
Hnrell  as  the  manufacture,  became  prohibited.  In  the  year  1835  Trevany  substi- 
wAi4«  mixture  of  red -lead  and  manganeae  for  a  portion  of  the  chlorate  of  po I  ash, 
Micreby  greatly  improving  tlie  composition »  In  1837  Proshel  altogetlier  discarded 
I  tills  salt,  substituting  peroxide  of  Ipad,  or.  as  Bottger  advised,  either  a  mixture  of 
Ired-Iead  and  nitrate  of  potash,  or  of  peroxide  of  lead  and  nitrate  of  lead.  From  tliia 
tperiod  tlie  manufiu?ture  of  mafclies  became  an  extensive  industry,  greatly  aided  by 
klie  manufactitre  of  phosphorus  on  the  large  scale. 
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III   tliG   cotirse  of   titue    otlier  improvemetiia    were  made.  as.   for  ios^AUM, 

substitution  for  sulphur  of  wooileu  splints,  thoroughly  dried  and  «oftk«4  in  vvtt. 

ratlin,  or  steiiric  acid,  Oie  coating  of  they  eouiposition  with  a  vaniisU  Xa  pmlsct  It 

m  the  action  of   moiBiure,   while,  at   tlic*  same  time,  Uie  external  nppaUimee  of 

the  mutches  was  roudt^ed  more  omaraeiitah     At  the  present  dar  maUhcs  «t  « 

product  of  au  industry  ^liich  cunuot  po»Bibly  be  much  more  improved  iii  a  l«chiiiical 

point  of  view,  being  also  a  product  whiclt,  as  regards  its  price,  is  ifilLhiii  the  readb 

^all, 

However  useful  phosphorus  lucifer  matches  may  be,  it  i«  a  great  drawback  tn  thair 
utility  thiit  tho  combustible  composition  \&  a  poisonous  mixture,  wliile^  moreover,  Lbit 
Winkpcople  engaged  in  that  department  of  the  lucifer -match  making  in  which  llie 
phosphorus  is  handled  are  ofti^n  flfieci.Ld  by  a  peculiar  kind  of  caries  of  the  JAW* 
bones,  tlici  real  cause  of  wliich  i^  the  more  difhcult  to  ascertain  ad  the  worUpoojik 
engaged  in  the  maDufacture  of  phosphorus  and  exposed  to  its  vapours  to  such  «■ 
extent  as  to  render  their  breath  luminous  in  the  dark  are  not  aimtlnrly  uHbcttd. 
The  discovery  of  the  red  or  amurphoua  phosphorusp  which  ia  neither  potgonou*  nor 
very  infiammable,  atfords  a  happy  subsLitule  for  the  ordinary'  phosphoma,  but  Ut* 
former  is  by  no  means  generally  used  in  the  preparation  of  matches. 
^***'"'*JiitSii.'*'***^*'  '^^^^  operutiona  requLred  are : — 
^  I.  The  preparing  of  tlie  splints  of  wood. 

^^B  %.  The  mixing  of  the  ct>ii]bustible  compoattion. 

^H  3.  The  dipping,  drynig,  and  packing  of  the  matches. 

^B  1,  The  Preparation  0/  the  U'ootUn  !^'jJinf^. — Generally  white  woods  Are 
f  tliis  purpose,  sucli  as  w)iite  fir,  pino  wood,  aspen,  inorc  rarely  tir  wood  fFohrenhoW, 
Bometinios  beech  wood,  hjite-tiee  wood,  birch,  willow,  poplar  wood,  and  cedar,  T)jf 
ehape  of  the  splints  is  usnally  sfinare  iu  section,  but  abroad  the  splints  are  soiim^ 
times  cyliudricaL  The  square  splints  are  readily  made  by  hand,  simply  bj  sphtiiug 
up  a  bli>ck  of  wood  ha\ing  the  lengtli  required  for  the  splint.  A  cutting  tool,  a  krgpa 
knife,  similar  to  that  wiiich  is  sometimes  used  by  chafT- cutters,  is  very  frequiutl/ 
used  for  the  purpose  of  cutting  the  wooden  splints,  while  a  contrivance  aimilar  to 
that  iu  us©  for  prop  ell  Lug  the  hay  or  straw  forward  is  also  employed,  b^tng  so 
arranged  as  to  propi^l  the  wood  after  everj'  cutting  stroke  the  length  required  iJ»r  t 
splint.  More  generally  tlie  operation  of  splitting  tlie  block  of  wood  paralkd  to  iti 
I  fibres  and  next  cutting  off  tlie  splints  to  the  required  length  is  etfected  by  mttchtmirf 
I  consisting  of  fixed  knives,  against  which  tlie  wood  is  moved  with  suflicient  fare*  Id 
^hplit  it  up  into  splinU,  which  are  next  cut  to  the  required  length.  Instead  irf 
^H^litting  the  wood  by  these  means,  the  splints  are  now  in  GertnaDv  always  imul^^y 
&  kind  of  plane,  invented  by  S.  Rom  or,  of  Vienna,  by  wliich  tiie  wood  M  ent 
np  into  circular  splints.  The  cutter  of  this  plnne  diOcrs  from  that  of  the  ordinoij 
carpenters  plane,  by  possessing,  instead  of  tlie  cutting  odge,  a  ahght  bend,  iitvldek 
three  to  five  holes  have  benn  bared  in  such  a  manner  that  one  of  the  r*  '  'h'.'m 

holes  m  sharpened;    in  practice  thrre  holes  are  preferred.      When    i  i» 

forced  against  a  latli  of  wood,  placed  edgeway,  the  cntting  tool  p4^netr»t««  ittUi  Uit 
wood,  splitting  it  up  into  as  many  small  sticks  or  splints  as  the  cutter  contains  bdtfi 
Wien  a  number  of  thin  splints  have  been  cut  from  the  lath,  it  is  again  phkucd  tin* 
with  an  ordinary  plane  and  then  the  operation  repeated.  The  dividing  of  the  thin  stkks 
into  splints  of  the  required  lengtli  is  eflected  by  a  tool  consisting  of  a  narrow  troujfk 
about  6  centims.  wide  and  provided  with  a  slit  in  which  works  a  knife  £sst«zied  to  i 
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lever,  A  ckvcr  workman  can  pri?pnr<?  400,000  to  450,000  splints  daily.  In  the 
souih-vvest  of  Oeniiany  a  plane  for  cuttirij^  wooden  splints,  the  invention  of  iVnthon, 
lit  Dnrmsliidt,  imil  similar  in  action  and  construction  to  that  above  mentioned,  is  in 
t^«  lU'Ttil  use  :  but  throughout  an  extensive  pitrtion  of  tlje  empire  the  nmntiracture  of 
the  spliutii  has  become  a  separate  trade  ofi^^n  carried  on  in  woods  and  forests,  tlie 
splints  being  sold  to  the  lucifer- match  luakers  in  bundles  ready  for  dipping. 

Instead  of  making  the  splint  a  by  hand  tliey  ar«  occftsionttllj  madt^  by  a  machine » 

sncli  uti  tJiat  by  Pellilier,  at  Puris  tiSzoi,  having  on  a  bench  a  plane  36  centime,  long 

by  9  wide,  made  to  move  backwards  and  forwards,  while  a  piece  of  wood  i$  placed 

so  that  it  is  caught  by  the  fore-c titter,  which  consists  of  a  steed  knife  provided  witli 

twentyfoiir  teeth  shurppned  like  little  linives,  the  second  cutter  removing  the  small 

laths  from  the  plank  of  wood,    Cochot*s  macliine  I1830)  consists  of  a  large  iron 

wheel  I  metre  in  diameter,  on  the  peripher}'  of  which  are  fixed  thirty  wooden  blocks 

lengthway  of  the  size  of  the  isplints.     Wien  the  wheel  is  turned  r«»und  the  blocks  of 

wood  are  eaught  by  the  knivf's  fastened  to  a  snifiU  cylinder,  and  tlie^woodis  split  up 

into  splints,  which  are  removed  from  tJie  block  by  jiiiather  knife.    Jeunol*s  machine^ 

patented  in   1840  in  France,  is  of  a  similar  construction.     Neukrantz.  at  Berhn 

(1S45),  contrived  a  tool  based  upon  the  principle  of  the  hand  phiiu\  tlie  wood  intended 

to  be  cut  being  moved  against  a  fixed  steel  cutter,  which  produced  sbctean  to  twenty 

rsplints  At  a  movement.   Krutzsch,  at  Wtinschcndorf,  Saxony,  has  iraproTed  upon  this 

kfau  u^48)  by  perforating  a  steel  jdiite  with  about  400  holes  plactd  as  near  together 

B5  pcvsbihK* ;  the  edges  of  tliese  holes  having  been  sharpened,  a  block  of  wood  is  forced 

Bi»  llic  direction  of  its  fibres  against  the  plate  and  thus  divided  into  splints.     A  piece 

■Df  wood  3  centims.  in  thickness  and  width  hy  1  metie  in  kngth  yields  400  lengths, 

Kacb  of  which  can  be  cat  up  into  fifteen  splints  j    6000  of  the  latter  are  madt?  in 

bwo  minutes.     Of  the  several  t4>ols  and  machines  contrived  for  the   purpose   nf 

Bruiting  splints — and  tlie  number  of  these  contrivances  is  very  large — we  quote  tlje 

buUuuiug  of  German  origin.     The  macliine  invented  by  C.  Leilherer^  at  Bandierg 

■(i85i;i  consists  of  what  might  be^  termed  a  kind  of  guillotine,  viz.,  a  box  at  the  bottom 

bf  ^b)ch  is  placed  tlie  wood  to  be  formed  into  8pUnta,  the  fibre  0/  the  wood  being 

Brertical.    In  front  of  this  box  is  placed  a  frame-work,  in  which  a  hea\7  block, 

krovided  with  four  cutters,  each  terminated  by  eight  to  ten  narrow  tubes  (somewhat 

bmilar  to  cork-borers),  can  be  made  to  move  rapidly,  bo  as  to  give  forty-five  strokes 

b  minute,  the  wooden  bhx!k  intended  to  be  cut  into  splints  being  made  to  move  under 

hlie  cutting  tool  after  each   stroke.     Wranu's  machine  is  in  principle  the  same  as 

mhikt  of  Neukrautz,  but  has  been   greatly  improved,  the  plane  not  being  fixed,  but 

Knppi>rted  by  a  piece  of  wood.      Long's  maehinet   again,   consists  of  a  series   of 

cylinders,  between  which  tlio  bhick  of  wood  is  placed,  while  knives  are  so  arranged 

Im  to  cut  the  block  into  t^pLints  while  the  wood  moves  on  by  the  motion  imparted  to 

nlie  cylinders. 

I  z.  The  Preparation  of  tka  Comhustiffh  Cottiposition  is  carried  on  in  the  follounng 
nmumer :— The  glue,  or  gum,  or  any  tUlier  simihu*  substance,  ia  tirst  dissolved  in  a 
fsmiill  quantity  of  water  to  the  oousistency  of  a  Hi  in  syrup,  with  which,  having  been 
heated  to  50^,  the  phosphorns  is  incoiporated  by  graduall}'  adding  it  and  keeping  tlio 
BDixture  stirred  io  as  to  form  an  emuUion,  to  wHch  are  next  added  tlte  other  ingre- 
Hients  after  having  been  pulverised.  In  order  to  obtain  a  gnod  composition,  it  is 
ks^titial  that  tliere  should  be  neither  too  much  nor  loo  little  phosphorus,  for  an 
Bft9Lee08  of  phosphorus  will  not  only  tend  to  Increase  unnecessarily  the  price  of  tho 
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composition,  bat  it  lias  also  the  effect  of  rendering  it  unfit  for  igniting  the  snlplnir 
and  stearin  wherewith  tlie  matches  are  tipped,  because  the  pfao0{»horic  add  geae- 
rated  by  the  combustion  of  the  phosphorus  is  deposited  as  an  enamel-like  muir 
wliich  prevents  further  combustion.  It  appears  that  the  best  proportion  is  firam  qm- 
tenth  to  one-twelftli  of  phosphorus. 

A  much  smaller  quantity  of  phosphorus  is  required  if  this  element  is  first  disaohed 
in  sulphide  of  carbon  and  the  solution  added  to  tlie  other  constituents  of  the  compo- 
sition ;  the  sulpliide  of  carbon  while  rapidly  volatilising  leaves  the  phosphoms  in  a 
very  finely-divided  state.  As  phosphoms  is  very  readily  soluble  in  sulphide  of 
carbon,  and  as  the  latter  is  moderately  cheap,  the  method  has  the  advantage  that  the 
mixing  of  the  materials  can  take  place  without  the  application  of  heat.  It  is,  how- 
ever, evident  that  the  greatest  care  is  required  in  manipulating  such  a  liquid  m 
sulpliide  of  carbon,  and  far  more  when  phosphorus  is  dissolved  tlierein.  C.  Pasdier 
suggested  (i860)  the  use  of  sulphuret  of  phosphorus,  P^S,  instead-  of  pure  phoei^ras 
in  the  composition  for  matches.  He  prepared  a  composition  containing  3*5  per  cent 
of  this  sulphuret,  and  obtained  excellent  matches. 

Among  the  metallic  oxides  which  are  employed  in  the  mixture,  preference  is  giren 
either  to  a  mixture  of  peroxide  of  lead  and  nitrate  of  potash,  or  to  a  mixture  of  the 
former  with  nitrate  of  lead  obtained  by  treating  red-lead  with  a  small  quantitj  of 
nitric  acid  and  leaving  this  mixture  for  a  period  of  several  weeks  to  dry.  Glue.  gum. 
and  dextrine  are  used  as  excipicnts ;  tlie  first,  however,  is  objectionable  because  it 
carbonises  and  prevents  the  combustion.  Perhaps  a  dilute  collodion  solution  or  a 
mixture  of  sandarac  or  similar  resin,  with  benzole,  might  be  used  as  an  exdpieot 
instead  of  the  gum. 

The  mixtures  actually  used  in  the  trade  are  kept  secret,  but  the  foUo^^ing  recipes 
may  give  some  idea  of  the  composition : — 

I. 

Phosphorus       1*5  parts 

Gum  Senegal     30     „ 

Lampblack       05     „ 


Red-lead     50 

Nitric  acid  at 40° B.  (=  sp. gr.  1384)     20 


(A  mixture  of  nitrate  d 
lead  and  of  peroxide  of 
lead,  technically  knovn 
as  oxidised  red-lead. 
U. 

Phosphorus      80  parts  [Dissolved  in  the reqnirvd 

Glue 210    „     J     quantity  of  sulphide  of 

Peroxide  of  lead     244    „      I     carbon. 

Nitrate  of  potash    240    „ 

III. 

Phosphorus        30  parts 

Gum  Senegal     30     „ 

Peroxide  of  lead        20    „ 

Fine  sand  and  smalt 20    „ 

No  doubt  tliere  is  room  for  great  improvements  in  these  compositions. 
3.  Dipping  and  Drying  the  Splints.— In  order  to  fix  the  sulphur  and  combnsb'ble 
tition  to  one  end  of  the  sphnts,  it  is  clear  that  these  sliould  not  touch  each 
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tier*  but  be  go  arranged  a3  ta  leave  an   intermediate  space.     A  contrivance  ta 
uploycd,  consisting  of  small  plaiilfs,  0*5  metre  long  by  10  centims.  wide,  the  surface 
ag  provided  witli  narmw  grooves  placed  close  together   and  jnst  large  enoiigliM| 
I  to  hold  a  single  splint.  Fig,  262.     The  splints  are  one  i>y  one  placed  in  th4 
[jveft,  an  operation  nsuully  performed  by  girls.     One  plank  having  been  fiUed 
Otiher  is  placed  on  the  t*>p  of  it.     The  surface  of  the  plank  on  one  side  is  provided 
I  a  piece  of  ccNirse  flanntd,  while  the  other  side  is  grooved  for  holding  splints. 
of  the   pliinks  has   at   the    end    a  round   hole»    through   which    pass   iron 
3»t  Figs.  265  and  264,  in  tlie  top  of  which  a  screw  Uiread  is  cut,  so  that  as  st>on  as 
(  twenty  to  twenty-five  planks  have  been  filled  with  splints  and  placed  one  <tpon 
ber,  they  are  fastened  so  as  to  form  a  framework,     A  clever  hand  can  iill  during 
hours  lifteen  to  twenty -five  of  tlieue   frames,   each    containing   2500    splints, 
ecently  it  has  been  attempted  to  perform  this  ^vork  by  machinery,  and  the  machine 
Boastmctetl  by  O.Walsh,  at  I'a.ris  (1861),  enables  a  lad  to  firame  500,000  to  &oo,ooo 
plinlB  in  ten  hours. 
The  sulphur  intended  for  dipping  tJie  splints  is  kept  in  a  molten  state  over  a  mode- 
fire  in  a  shallow  rectangular  trough,  in  the  middle  of  which  a  stone  is  placed  as 

Fig.  263. 


Fig.  263. 


Fio.  264. 


I 
I 


precisely  level  as  possible.  The  quantity  of  sulphur  in  so  regulated  that  it  covers 
the  stone  to  a  deptli  of  1  centim.  In  the  operation  of  dipping,  the  ends  of  the 
aplints  are  made  juiit  to  touch  the  stone  and  inmiediately  removed,  care  being  taken 
to  cause,  by  shaking  tlie  frame,  any  supertluous  sulphur  to  flow  into  tlie  trough  again. 

Instead  of  sulphur  tlie  better  kind  of  matches  are  impregnated  with  stearine, 
atearic  acid,  or  paraiHn,  The  spUnls  having  boon  first  thorongWy  dried,  are  placed 
in  a  bath  of  molten  parathn,  and  left  there  for  a  time  so  as  to  allow  the  wood  to 
absorb  by  capUlarity. 

The  tipping  vni\\  tlie  phosphorus  composition  h  performed  similarly  to  the 
sulphuring  of  tlio  splints,  the  composition  being  placed  in  a  uniform  layer  on  a  piece 
of  tliick  ground  glass  or  on  a  we  11 -polished  lithograpliio  stone  (Solenhofen  lime- 
stone). 

Tlie  drying  of  tlie  matches  takes  place  in  a  room  heated  by  steam,  the  frames 
ng  on  ropes  or  put  on  shelvee.    The  position  of  tlie  frames  h  sucJi  tliat  tho 
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matches  are  in  a  vertical  poaition,  aud  the  composition  hunga  on  them  fts  a  dfop,  Hit 
Gompositiou  of  the  saloon  matches  is,  after  drying,  coated  with  colofured 
solutions,  and  often  with  a  collodion  film. 

Ana-PhoBphor  it*t<h<».      This  variety  of   match  was    inventod  in    1848,  hy  Bdt( 
at  Frankfort,  and  was  prepared  industrially  by  FQrth»  at  Schuttenhofen ; 
Strom,  at  Jonkoping  (Sweden) ;   Coignet,  at  Paris  (under  the  name  of  At 
htfrfiiniques  et  de  sureti  au  phosphore  amorpJia) ;  De  Villiers  and  DalemagQie,  Fmi^ 
(under  the  name  of   AUumetU'4  androgynes] ;  also  by  Forster  and  Wsra. 
matches    are    of    two    kinds : — a.    Thoso    which   are   free    firom  phosphoroo, 
amorphoxis  pliospliorua  being  in  coj-po  rated  with  tlie  sand -paper*    /3,  Those  irld«li  j 
free  from  phosphorus  both  in  the  match  and  on  the  sand-paper. 

To   UiC   mutches  uf   the   first  category  belong : — i.   Matches,    tlie   coiDposifl 
of  which  is  free  from  phosphorus,  coasisting  simply  of  a  pasty  mass,  tlie  mak  < 
gtitnents  of  which  are  snlphnret  of   antimony  and  chlorate  of  potash.     %. 
amorphous  phosphunis  mixed  nith  some  ^ery  line  sand  or  other  substance  pn 
friction  is,  with  glue,  put  on  to  tlie  box  in  which  the  matches  are  contained ;  or.i 
tlie  case  with  tlie  androgynes,  at  the  other  eiid  of  Uie  epUnt,     The  friction  surboej 
the  boxes  consists  of  a  mixture  of  9  parts  of  amorphous  phosphorus,  7  parts  of  1 
verised  pyrites,  3  parts  of  glass,  and  1  port  of  glue.     The  matches  ignite  readily! 
friction  on  the  surface  containing  this  compoBitiou,  but  do  not  ignite  when  rubbedf 
any  other  ruu^h  surface.    These  so- called  safety  matclies  ore  largely  jn-.i 
at  Jtiiikoping,   uudcr  the  Swedish   name  of  SaktrhetS'Tatuhtickor   \t^ 
matches),    Jettel  U870)  uses  for  the  friction  surface  a  compound  consisting  of  « 
parts  of  amorphous   pho.'^phorua,   pyrites,   and  black  sulphuret  of  antimony: 
coating  on  the*  two  sides  of  1000  small  boxes,  each  containing  tifly  matches, 
80  grms,  of  this  mixture  are  required.      It  neec*  hardly  be  mentioned  that  i 
England  safety  matches  are  largely  made  and  of  excellent  quality,  in  fact»  better  t 
anywhere  else, 

B.  Forster  and  F*  Wara^  at  Yienna,  have  introduced  a  **  noa-poisonons " 
The   ami)r|)hoths   pho^pliorus  is   mixed   up  with  the  combustible   compositioa  . 
the  usual  way,  so  tliat  these  matches  ignite  readily  by  being  rubbed  on  any  i 
surface,  but  the  ignition  is  accompanied  by  noise,  owing  to  the  chlorate  of  poiuk 
contained  in  the  mass. 

As  regards  Ike  matches  belonging  to  tine  seeond  category— tLe,,  ^ach  «a  nc 
contain   pliosphorus   nor  require   a  phosphorus-containing  surface,    we   may  ^tl| 
the  analysis  by  Wiederhold,  of  the  composition  of  those  made  by  Kumm^  ( 
Giinther»  at  Kbnigswalde*  near  Annaberg,  in  Saxony : — 

Chlorate  of  potash 8  parta, 

,  Black  sulphuret  of  antimony 8      „ 

Oxidised  red -lead       ...     ...     ...     ... 8      „ 

Gum  Senegal •**  i      „ 

Oxidised  red-lead  is  a  variable  mixture  of  peroxide  of  lead,  nitrate  of  Itad,  lail^ 
undecom posed  reddead.      Weiderhold,  at  Cassel,  suggested   (t86i)  tlie 
ignition  mixture ; — 

Chlorate  of  potash 7'S  purts. 

Hyposulphite  of  lead     ...       26      „ 

Gum  arabio     „ 10      „ 
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•     Thifl  ia  the  best  anti-phosphorus  mixture.    Jettel,  at  Gleiwitz,  gives  the  following 
mixtures  free  from  phosphorus : — 

Chlorate  of  potash      

Sulphur        

Bicliromate  of  potash 

Sulphuret  of  antimony 
^        Sulphur  auratuin,  SbS^  (Stibium  ' 

sulfuratum  aurantiacum).  I"        ""  —  ^'^5  "" 


a. 

b. 

e. 

d. 

4*0 

70 

3*oo 

80 

10 

10 

— 

— 

o'4 

20 

— 

05 

-^ 

... 

—. 

80 

(btibium  ) 

im).  I        —  — 

a.B.P.)    j 


(Antimonium  sulfuratum,  B.P.) 

Nitrate  of  lead     —  2*0  —  — 

"While  R.  Peltzer  has  called  attention  to  the  applicability  of  copper-sodium  hypo- 
sulphite for  tlie  preparation  of  a  phosphorus-free  ignition  mass,  Fleck*  has  also 
remarked  the  use  which  might  be  made  of  sodium  in  this  respect. 

VaxorTMUMatcbci.  Instead  of  the  phosphorus  composition  being  fixed  to  a  wooden 
Splint  it  is  in  the  wax  matches  (allumettes  bougies)  attached  to  a  tliin  taper  made  of  a 
few  cotton  threads  (4  to  6),  immersed  in  a  molten  mixture  of  2  parts  of  stearine  and 
I  part  of  wax  or  paraffin.  Tlie  tapers,  while  tliis  mixture  is  hot,  are  drawn  through 
*  hole  perforated  in  an  iron  plate,  the  opening  of  which  corresponds  to  the  desired 
thiekness  of  the  taper.  The  taper  is  next  cut  by  means  of  machinery  into  suitable 
lengths ;  afterwards  the  phosphorus  composition  is  affixed  and  the  vestas  put  into 
boxes. 

Znlzer's  machine  for  cutting  the  tapers  and  for  making  them  into  matches  has  the 
following  arrangement.    The  wicks  having  been  rolled  on  a  drum  are  forced  between 
two  cylinders,  which  impart  the  fatty  composition,  and  next  the  tapers  are  carried  by 
the  machinery  across  grooves  in  planks  to  holes  in  a  movable  vertical  iron  plate, 
which  is  connected  with  a  cutting  apparatus  intended  to  divide  the  tapers  into 
suitable  lengths.    As  the  cutters  are  placed  at  the  entrance  of  the  holes,  the  tapers 
'alter  having  been  separated  from  the  main  wicks  are  left  dangling  in  these  holes, and 
^by  a  mechanical  contrivance,  the  plate  containing  the  holes  is  lifted  sufficiently 
to  bring  another  row  of  holes  level  witli  the  wick-producing  apparatus.     When  a 
plate  has  been  thus  fiUed  with  tapers  it  is  removed,  anotlier  put  in  its  place,  and  the 
ends  of  the  tapers  immediately  immersed  in  the  phosphorus  composition,  and  next 
placed  in  a  drying  room.     Marseilles  is  the  great  centre  of  the  wax  match  industry, 
while  Austria  stands  next. 

Animal  Charcoal. 

Animal  chareoaL  Animal  cliarcoal  is  the  residue  obtained  by  the  dry  distillation  of 
bones.  Owing  to  its  introduction  (18 12)  by  Derosne,  and  afterwards  re-introduction 
iwith  improved  filtering  apparatus  by  Dumont  (1828),  into  the  sugar  refining 
industry,  animal  charcoal,  or  bone-black,  has  become  one  of  the  most  important 
Bnbstanccs  of  chemical  technology.  Wlien  bones  are  submitted  to  ignition  in  closed 
vessels  witli  exclusion  of  air,  the  organic  matter  yields  a  tar  known  as  crude  Dippel's 
oil,  and  carbonate  of  ammonia,  while  a  coal-black  residue  remains  exhibiting 
perfectly  the  organised  structure  of  the  bones. 

Pnpaxauon  of  Bone-black.      Tlie    boues     are     either    boiled    with    water    or,    better, 
exhausted  with  sulpliide  of  carbon  to  remove  the  fat,  which  being  obtained  in 
Jahresbericht  der  Chem.  Technologie  (Dr.  Wagner),  igas,  p.  220. 
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a  qiumtity  of  5  to  6  per  cent  of  the  weiglit  of  the  bones,  is  a  vultmble  hy^ 
this  branch  of  indttstry.  The  carbonisation  of  the  bones  is  so  coodticted  lh«t 
rolatile  producU  ar«  tdtlier  burnt  or  condensed.  In  tlie  luttcr  cttsc  the 
bones  are  put  into  iron  retorts  similar  to  those  used  for  coal-gas  iniuinl 
and  the  volatile  products  are  collected  in  stiitable  condensing*  apponittifl, 
the  gas  after  having  bt^en  purified  is  fiornetiines  led  into  a  gasliolder  iind 
for  iUuminating  purposes,  or  when  Dot  purified  is  burnt  under  Uie  re^torU.  At* 
cording,  however,  to  tiie  experience  obtained  in  Germany,  bone  black  thus  idMe 
has  a  lower  decolourising  pi^wer  than  when  the  bones  are  ignited  in  iron  pot^ 
the  volatile  products  being  burnt  at  the  some  time.  In  Germany,  therefore,  the  ol4cr 
plan  of  carbomsanoM  in  potfl  ia  usually  resorted  to.  In  England  and  Scotland, and  thii 
in  Holland^  Bulgiuni.  and  France,  retorts  are  generallY  used  far  this  purpose, 
carbonifiation  in  pots  is  carried  on  in  the  following  manner: — Cast-iron  poli 
filled  mth  broken-iip  bones  and  placed  one  on  the  top  of  Uie  other,  the  edges  of 
moutiis  of  Uie  pots  being  luted  wiih  clay.  The  pots  are  placed  on  the  hearth 
kind  of  reverberatory  furnace.  After  awhile  the  rapours  which  are  forced  thi 
the  Inte  become  ignited,  tliereby  enveloping  the  pots  in  a  sheet  of  ilame,  so  thit' 
carbonisation  goes  on  without  requiring  the  firing  of  the  furnace  to  be  kepi 
When  tlie  flame  subsides  the  carbonisntion  is  complete.  The  yield  of  animal 
cool  amounts  by  this  mctliod  of  procedure  to  55  to  60  per  cent,  Uie  cojrbo) 
matitr  btnng,  Jiowever,  mixed  with  about  ten  times  its  weight  of  mineral  matler. 
may  be  inferred  from  the  following  results  of  analysis  of  a  dried  sample  of  bAM- 
black,  wliich  in  too  parts  was  found  to  consist  of— Carbonaceoua  matter^  10 ;  fthospte 
of  lime.  84  ;  carbonate  of  Hme,  6  parts.  By  exposure  to  air  bone-black 
7  to  10  per  cent  of  moisture.  The  carbonised  bones  are  broken  up  and  graat 
by  niucbinery,  the  formation  of  dust  having  to  he  avoided  as  much 
because  it  has  very  little  value. 

pmpmiMof  Bon«-bi«k-      As  far  back  as  tbe  year  181 1,  Figuier  disco veitvd  that 
black  possesses  tlie  property  of  mthdrawng  organic  and  inorganic  saTistan' 
lime  ntid  potash  frum  solutions.     It  appears  that  tins  property  is  due  to 
attraction  (cRpiUaiy  action >,  although  bone-black  ia  also  capable  of  deco] 
chemical  compounds.      Owing  to  the  fact  that  boneblwu-k   can   absorb  iooi 
matter,  it  is  hir^^^ily  used  for  \}ie  purpose  of  witJidrawing  lime  and  saline 
saccharine  fluids  in  beetroot  sugar  works.     According  to  AntlAOn.  llie  pi 
bone-black  to  withdraw  lime  from  solutions  is  partly  due  to  the  fact  that 
acid  is  condensed  in  the  pores  of  this  substance. 

By  treating  bime-bluck  with  liydrochloric  acid,  and  thus  dissolving  the 
matter  it  contains,  the  rt-sidue,  after  having  been  well  washed  with  water,  dried, 
re -ignited  in  a  closed  crucible,  has  lost  in  a  very  great  measure  its  projycrty  of 
drawing  from  solutions  and  retaining  within  its  pores  inorganic  matter      Vthm 
liquids  are  tt»  be  deculourised  by  bone-black,  it  should  always  be  emploj'eii  after 
been  treated  with  bydrachloric  acid.     Blioe- blacking  manufacturers  employ  ill 
trade  a  large  quantity  of  bone-black. 

Tailing Bf.uoi.Udk.       The  grejitcr  the  decolourising  power  of  charcoal  Uie  bcstto'' 
quality,  though  it  appears  that  the  decolourising  power  is  not  pr 
pr»wcr  of  withdrawing  lime  and  saline  mailers  from  solutions.     In 
the  decolourising  power  of  any  sample  of  bone-black,  its  qtmhty  in  Uila 
is  compared  wiLlj  that  of  anotJier  of  known  strength.    I'ttyen  proposes  to  take 
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•His  of  wftter  coloiired  with  cammel,  to  treat  tliese  vai\\  equal  welgfiU  of  ftnimal 
lArooal,  and  to  filter  these  mixtures ;  the  i^bftrcoal  which  yields  tlie  clearest  liquid 
ilie  best.  BussT  obtained  the  following  results  by  the  estimation  of  the 
ive  deooloiirisijig  power  of  equal  quantities  by  weight  of  dilTerent  kinds  of 


^Ordinary  bone-black        ro 

>  Bone-black  treated  with  bydrorhlnric  ncid ♦♦,  i*6 

(l>itto,  ditto,  but  afterwai-ds  igiiited  witli  carbonate  of  potAsli  ...     ...  ao'o 

^ Blood  ignited  with  carbonate  of  potash        200 

telood  ignited  with  carbamate  of  li mo     20'0 

J  Glue  ignited  with  carbonate  of  potash          155 

neyr's  expenmenta  on  the  decolouriijing  properties  of  bone-black  led  to  tlie 
illowing  results  : — i.  TJie  cupnbility  tjf  wbsorptitm  of  this  Hubstai^ce  does  not  depend 
poll  the  mecbaiiical  structure  of  the  bone  bbick,  but  upui  tbe  quantity  of  pure 
lurboa  it  contains.  2,  The  quantities  of  matter  absorbed  by  bone-black  of  various 
ijijds  are — when  reduced  to  pure  carbon — reaUy  equivalent,  and  are  probably 
ulcpendent  of  tiie  varyiuj^  cbemical  nature  of  the  soluble  absorbed  substance, 
^poDe- black  saturated  with  any  substance  retains  ita  absorptive  power  for  otlier 
^penaJs  of  a  dilferent  chemical  nature.  4,  lione-bUck  nets  tlie  quicker  and  better 
10  less  ita  capiUary  atruclure  has  been  interfered  with  either  by  UHchanical  or 
bmnieal  meaua  (action  of  Jiydrucldoric  acidj.  Schultz's  ro&ults  of  experiments 
^k  with  those  just  quoted.  The  speciUcaily  lightest  bone-black  whidi  contains 
^■largest  amount  of  carbon  is  tlie  most  strongly  decolourizing  material.  As 
Hpds  the  sugar  (especially  beet -root)  niarmfacture.  tlie  power  of  bo  ue- black  to 
widraw  lime  from  a  solution  comes  aUo  into  consideration  :  this  lime  abi*4>rbing 
^ability  is  estimated  by  dirccUy  testing  tJie  quantity  of  lime  whicli  a  given  sample 
rcoal  can  take  up. 

B*ji>nrflijiK)  After  having  served  the  purpose  of  dec=olourising  and 
rbing  lime  for  some  time  in  tlie  procesa  of  suj^ar  refining,  the  bone-black 
^tnes,  as  it  is  termed,  foul  and  requires  to  be  revived,  for  wliich  purpose  it  ia 
||her  first  tborougbly  woiilied  witli  hot  water  or  sometimes  left  to  enter  into  a  state 
Qcntution,  or  treated  witli  steam ,  and  finally  nlwaj's  re-ignited.  The  more 
plan  is  Uy  wash  the  hone- black,  while  still  in  the  hlters,  witli  hot  water,  so  as 
aove  all  soluble  matter,  the  material  being  next  re -ignited.  li\  tins  manner 
black  may  lie  restored  for  use  twenty  to  twenty-five  times.  This  mode  of 
ttg  hihoura  unier  the  disadvantage  that  during  the  ignition  the  organic  matter 
orbt  d  imptlrities^  is  not  quite  destroyed,  and  by  choking  the  pores  r>f  the  hioi*  - 
iiK*k  impairs  it.s  decolourising  power.  It  is  therefore  preferable  to  cause  tlie  bone* 
rlAck  to  feniientj  to  treat  it  next  with  dilute  hydrochloric  acid,  wash  it  well, 
lastly  ignite  it.  TJie  quantity  of  hydrocliloric  acid  employed  for  this  purpose  in 
r -producing  works  is  very  large. 

•  for  B«D«-bu«k  Among  tlie  substances  which  have  been  tried  as  substitutes 
be  use  of  bone-black,  carbouised  bituminous  shale  takes  the  lirst  place.  This 
rial  ithe  coko  of  the  Boghead  coal  is  an  excellent  example)  absorbs  colouring 
KiAtier,  but  does  not  touch  the  lime.  Moreover  it  often  happens  that  the  coke 
^  rt  ndered  unfit  for  this  use  by  the  presence  of  a  considerable  amount  of  mono- 
ohuret  of  iron-    The  coke  of  sea- weed  is  perhaps  a  more  suitable  materiaL 
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mik.       Tliis  fluid  is  accreted  by  gland^s   with  wHch  all   fem  ^ 
provided.      It  ooii^jiiiis  all  the  organic  and  inorganic  substim* 
young  animal  iis  food,  being  intended  to  feed  llie  joung  nntii  liicy  .^ 
developed  to  iJartake  of  oth£r  nutriment     The  main  constitueats  ^  j 
Sugar  (lactose),  caseine,  butler,  inorganic  salts,  such  as  cWorides  of  polasnTim  it  f 
sodium,  phoiiphate  of  lime,  and  finally  water.    The  arenigQ  {Kjrcecitage  oompdsiui 
of  cow's  milk  is  the  following  :— 

Butter ...     , 

Lactoso  and  soluble  aalta    ,, 

Caseiue  and  insoluble  salts  . 

Water 


3288 

5  129  I-  12*524  per  cent 

4  107  i 
8747S 
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Milk  is  a  mixture  of  several  insoluble,  very  minutely  divided,  emuUionifii  <'- 
stances,  suspeoded  in  a  watery  liquid.     The  specific  gravity  of  milk  yv- 
1*030  to  I '045.     Under  the  microscope  it  becomes  evident  that  the  whit*' 
milk  is  due  to  the  so-called  milk  globules— small  globular  bodies  of  a  yell-^ 
witli  a  more  deeply  coloured  circumference,  and  exliiliiting  a  poarly  glosi.    I:  .^ 
formerly  behcved  that  these  globules  consisted  of  an  eitterior  envelope  fiUwd 
butter,  but  the  recent  researches  of  Drs.  Yon   Baumhauer   and    F    ^' 
proved  tliis  opinion  to  be  erroneous.     When  milk  is  left  standing  tlit  1 

to   the   fiurfjice  and  form  cream,  below   which   remains   a  blue   traji5»pai» 
contJiinint^  the  su^^mr  of  milk,  salts,  and  casein e.  the  latter  in  flie  form  of  a 
Wlien  milk  is  kept  for  some  lime  a  portion  of  ihe  lactose  (sugmr  of  milk)  It  i 
posed  and  converted  into  lactic  acid  by  tlio  aid  of  the  easeinc,  which    • '* 
ferment.     In  its   turn  the  lacUe  acid  decomposes  the  cascine  soda,  w' 
casein e  is  set  free  and  separated  as  an  insoluble  substnnce ;  this  action  tai 
the    coiiguliition    of  milk.      The  whole    of  file  lactose  or  sugar  of  mil 
converted  into  laotii-  acid  by  long  keeping. 

Lactic  acid  iCjIi^Oa)  is  also  formed  by  the  fermentation  of  starcli.  r  > 
and  glucose,  und**r  tlie  influence  of  caseine  and   a  ferment,      Tlue  «citl 
with  in  sauerkraut   (a  favourite  dish    of   the  Germans,   being   a    wetl-i 
mixture   of    wliite   and    savoy  cabbages   cut  into    shreda,   and   packed 
along  with  salt,   coarse  pepper*  and  some  watery  and  in  other  pi  '  ' 
and   in   nearly  all  aniuiai  liquids.      Lactic  acid  is  also   pres^mt   it^  Y] 

fluids   of  the  tan  yard  tanks ;    in  the  sour  water  of  starch   works   wbav 
ia  prepared  by  the  old  methods;  in  the   bran   bath   of  dye   works;   anil 
stantly  met  witJi  in  tJie  residual  liquids  of  com  spirit  distillation.     Whfftj 
acid  is  heated  witli  sulphuric  acid  and  peroxide  of  manganese,  aldehyde  11 1 
which  is  used  in  the  preparation  of  aniline  green  and  of  hydrate  of  cliLoral 

TJie  coftguktion   of  fresh  milk  is  effected   by  the  use  of  rennet,  wKieli  is 
pared  from  the  stomach  of  a  calf,  well  washed  and  stretched  out  in  a  wooden 
then  dried  either  in  the  sun  or  near  a  fire.     The  substance  thus  prepari4  wni 
merly  soaked  in  vinegar,  but  cxperienco  has  proved  this  to  be  unncce^iOLr^v 
required  a  small  piece  is  cut  0^  and  steeped  in  warm  water,  and  tlie  liquid  added  Ml 
milk  previously  heated  to  30°  to  35''.    The  milk  is  hereby  ooagulaied,  eveo  is  ] 
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qoantity,  in  about  2  hoars ;  i  part  of  rennet  is  sufficient  for  the  purpose  of  coagula- 
ting 1800  parts  of  milk.  The  mode  of  action  of  rennet  is  not  well  understood,  but  it 
loes  not  consist,  as  was  formerly  believed,  in  thp  instantaneous  conversion  of  a  por- 
tion of  the  lactose  present  in  milk  into  lactic  acid,  since  experiments  have  shown 
;luit  rexmet  coagulates  milk  which  exliibits  an  alkaline  reaction. 

wbiy.  By  tlie  term  whey  is  understood  the  fluid  in  which  the  coagulated  caseine 
tX  milk  floats  and  which  may  bo  obtained  either  by  decantation  or  filtration.  The 
whBy  of  sour  milk  contains  very  little  lactose  and  a  largo  quantity  of  lactic  acid 
'soar  whey) ;  while  sweet  whey,  obtained  by  coagulating  milk  witli  rennet  contains 
iJl  the  lactose.  Sweet  whey  containing  3  to  4  per  mille  of  a  proteine  compound 
^termed  lacto-proteine  by  Millon  and  Commaille)  is  evaporated  to  some  extent 
jQ  S'witzerland,  with  tlie  view  of  obtaining  the  sugar  of  milk  in  crystalline  state.  The 
rMUK*-saguof  MOk.  substance  tlius  obtained  is  purified  by  re-crystallisation.  Lactose, 
diaHaaOu  +  HaO,  does  not  possess  a  very  sweet  taste  and  feels  sandy  in  the  moutli. 
Ct  is  soluble  in  6  parts  of  cold  and  2  parts  of  hot  water.  It  is  not  capable  of  alcoholio 
t»at  only  of  lactic  acid  fermentation.  By  tlie  action  of  dilute  acids  sugar  of  milk  is 
Mnverted  into  galactose,  a  kind  of  sugar  similar  to  grape  sugar,  and  is  then  capable 
3if  alcoholic  fermentation.  Industrially  sugar  of  milk  is  sometimes  employed  for  the 
pdnpose  of  reducing  a  silver  solution  to  the  metallic  state,  as  in  the  case  of  looking- 
I  making.  100  parts  of  the  commercial  sugar  of  milk  from  Switzerland  (a),  and 
Giesmannsdorf  in  Silesia  (&j,  were  found  to  consist  (1868)  of: — 

a.  5. 

Salts      

Insoluble  matter 

Foreign  organic  substances... 

Sugar  of  milk      


•  "^^iSlitarKir''*^      ^y  hoiliiig  milk  the  air  it  has  taken  up  is  eliminated  and 

•  fliereby  tlie  conversion  of  the  caseine  into  a  ferment,  and  tlie  consequent  decomposi- 
-■.  tion  of  the  sugar  of  milk,  prevented.      Milk  may  very  readily  be  kept  fresh  by 

.  the  addition  of  small  quantities  of  carbonates  of  alkalies  or  borax.  The  coagulation 
;.  of  milk  (not  its  becoming  sour;  may  be  prevented  by  the  addition  of  some  nitrate  of 
.  potish,  chloride  of  sodium,  or  other  alkaline  salts. 

XMii«xiik.       In  localities  where  milk  is  consumed  in  very  large  quantities — for 

'  inttance.  in  large  cities  and  towns — ^it  is  sometimes  adulterated  by  the  addition  of 

^rice-water,  bran-water,  gum-solution,   and  emulsion  of  sheep's  brain.      The  most 

f  common  adulteration  of  milk  is  its  dilution  with  more  or  less  water.     Several 

;  methods  and  instruments  have  been  invented  for  the  purpose  of  testing  the  quantity 

r  of  caseine  and  butter  present  in  milk,  and  it  should  be  here  observed  that,  according 

to  Dr.  F.   Goppelroder's  excellent  researches  (1866),  it  has  been  found  that  the 

.  relative  proportion  of  the  quantity  of  these  substances  varies  in  milk  from  one  day 

to  another,  and  even  in  the  milk  dra%vn  at  mornings  and  afternoons.    According  to 

Jones's  plan  milk  is  poured  into  a  vertical  graduated  glass  tube ;  the  qufdity  of  the 

milk  varies  witli  the  number  of  graduated  divisions  occupied  by  the  cream  separated 

'.  from  tlie  milk.    It  is  evident  that  in  this  way  only  the  quantity  of  cream  contained 

-  in  the  sample  of  milk  under  examination  is  found,  and  nothing  I'^amt  about  the 

ee  of  dilution  of  the  milk  with  water,  which  somewhat  influences  the  rapidity 
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of  tlie  gepuration  of  the  creara.     ChcvalitT  and  Henrr  employ  for  t}ie  teii 
fnilk  ail  nreoraeter.  the  deg^een  of  which  are  ascertained  by  e-xperimetit  from  : 
gonuiue  milk.     Other  methods  are  bfiaed  upon  the  use  of  tincture  «•' 
solution  of  sulphate  of  zinc  fur  tlie  purpose  of  precipitating  cascine  an 
sample  of  genuine  milk,  and  next  to  cojupiire  tlie  r|Uiintity  of  these  r«fftg!?uti 
sary  to  precipitAtn  in   an   equal  quantity  by  bulk  of  any  other  sitmple  of 
Donne's  ^alactoscope  nm}*  be  used  for  the   purpose  of  testing  the  parity  of  i 
more  especially  in  reference  to  its  adulteration  with  water,  the  mstrumcnt  ! 
based  upon  the  greater  or  less  transparency  of  a  column  of  milk  of  a  ccrlMlu  ] 
which   admits  through  it  the  rays  from  t!ie  flame  of  a  lighted  candle ,  tlw  i 
transparent — thnt  is,  the  lougiir  the  erdunm  of  milk — the  more  it  in  adtilieniii!dl 
water.     Briiuner  tests  milk  in  the  following  manner ;, — To  20  grms.  of  llie  milk  ( 
tested  are  added  10  grms.   of  charcoal  powder.     TJiis   mixture   is    evapou 
dryness  at  a  tempemture  of  70*  to  80°,     The  butter  is  then  extracted  by 
ether,  ami  tliia  solution  evaporated  and  weighed.    Pure  milk  yields  jm  to  j*i 
cent  <}f  butter,  cream  from  10*6  to  n  ■06  per  cent*     C.  Reichelt  has  liiUJy 
apply    the  halh metrical  metlio-d  (see  p*  422)  for  the  purpose   of  deteru 
quantity  of  water  contained  in  milk, 

uwiof  siiut.       Milk  is  ustjd  as  food  and  for  the  preparation  of  butter  and  ch 
clarifying  wine  in  order  to  render  it  less  deep  coloured,  and,  if  turbid,  quite  ( 
More  recently  milk  has  been  largely  sold  in  the  socalled  coudensed  state,  by  ^ 
understood  milk  eveporuted  in  vitetat  after  the  addition  of  sugar  to   tlie  cou 
of  tliick  honey.     This  mode  of  preserving  milk  was  first  employed  by  the 
Swiss  Gondens^cd  ^lilk  Company  at  Cham,  Canton  Zng,  Sv\itz»*rlrtnd.  andlil 
carried  on  in  various  parts  of  tlie  Continent  and  in  the  United  Stales,  aod 
England,  in  Surrey  and  Berkshire.     The   average  compositioa   of  Uid 
milk  is : — 

Water .«. ^^'44 

Solid  matter       ... 7756 


One-half  of  the  solid  matter  consists  of  the  sugar  which  has  been  addt>d,  Ibo  ntf 
being  butter*  9  to  12  per  cent;  caseine  and  lacto-proteine,  13  to  ij  per  c^ut :  i 
of  milk,  10  to  17  per  cent;  salts,  22  per  cent.     Condensed  milk  is  soluble  in  1 
water t  and  yiidds  with  45  to  5  parts  of  water  a  liquid  similar  to  getiuine, 
course  sweetened,  milk 

Btttux.      This  substance  is  prepared  as  follows:— J[ilk  of  good  quality  is  ] 
in  a  rather  cool  celhtr  or  other  locality  for  Uie  purjiose  of  cftiising  ihr  ctciub  to  ^ 
separate.     The  cream  is  poured  into  a  clean  stoneware  or  glass  Yessel  kepi  j 
purpose,  and  left  until  by  constant  stirring  it  has  l^ecome  thick  and  sotir  ;  it  is  ( 
put  into  a  cimrn,  by  the  action  of  which  the  solid  fat  globules  are  separated 
thick  tluid  in  which  the  cji^eine  with  a  small  quautity  of  butter  remu^ins  «.«» 
Butter  btnng  specifically  lighter  than  water  should,  it  might  be  ^ 
very  readily  from  a  liquid  which  contains  In  solution  various  subM 
heavier ;  but  the  fact  is,  that  caseine  renders  tlie  separation  of  butter 
ditHcuU  even  when  the  cream  is  sweet  and  not  tliick ;  when,  on  tlie  oUit  t 
coagulates  before  the  cream  is  separated,  the  butter  is  lost     Two  methods  !»?•  1 
devised  lor  the  purpose  of  obtaimug  all  the  butter  contained  in  milk.     Gu 
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Swedish  agricaltorist,  has  proposed  that  the  separation  of  cream  should  be  rendered 
more  rapid,  and  always  completed  before  the  milk  becomes  sour,  wliile  Trommer 
|»revents  the  souring  of  the  milk  by  tlie  addition  of  some  soda. 

The  chums  vary  very  much  in  construction ;  the  most  simple,  which  is  tliat  most 
extensively  used,  consists  of  a  tall  somewhat  conical  wooden  vessel  covered  with  a 
wooden  lid,  through  a  round  opening  in  which  a  cylindrical  wooden  stem  passes. 
To  this  stem  is  fixed  a  wooden  perforated  disc,  which  is  moved  upwards  and  downwards 
1^  a  similar  motion  imparted  to  the  stem.  The  butter  having  been  separated  from  the 
liquid  is  thoroughly  washed  and  kneaded  with  fresh  water,  and  next  more  or  less 
salted,  at  least  in  most  cases,  although  thoroughly  well-washed  butter  may  be  kept 
lor  a  very  long  time  without  becoming  rancid.  The  liquid  from  which  the  butter  is 
separated  is  known  as  chum-milk  or  buttermilk;  it  contains  024  per  cent  butter, 
3*82  per  cent  casein,  90*80  per  cent  water,  5*14  per  cent  sugar  of  milk  and  salts.  In 
the  water  lactic  acid  is  present.  18  parts  of  milk  yield  on  an  average  i  part  of 
Imtter,  which  in  fresh  condition  consists  of: — 

I.         n.       m.       IV. 

Butter  fat       944        93*0        875        785 


Caseine,  sugar  of  milk  t 
Extractive  matter      ) 


0*3  0*3  10  0*3 


Water     53  67        11-5        21*2 

Owing  to  the  presence  of  water  and  caseine,  butter  after  some  time  becomes  rancid. 
It  is  salted  in  order  to  prevent  this  rancidity  as  much  as  possible,  the  salt  being 
thoroughly  mixed  with  the  butter  by  kneading.  To  i  kilo,  of  butter  30  grms.  of  salt 
are  required.  According  to  Dr.  Wagner,  butter  in  England  is  salted  with  a  mixture 
of  4  parts  of  common  salt,  i  part  of  saltpetre,  and  i  part  of  sugar.  In  Scotland, 
France,  Southern  and  Western  Germany,  butter  is  not  salted  at  all,  and  therefore 
only  made  and  sold  in  comparatively  small  quantities  at  a  time.  Salt  butter  is 
termed  in  Scotland  pounded  butter. 

By  melting  butter  until  the  first  turbid  liquid  has  become  clear  and  oily,  water 
and  caseine  arc  eliminated,  and  settling  to  the  bottom  of  tlie  vessel,  tlie  supernatant 
fat  may  be  put  into  another  vessel,  and  will,  after  cooling,  keep  sweet  without  salt 
for  any  length  of  time.  Butter  is  often  artificially  coloured  eitlier  by  tlie  aid  of  annatto, 
turmeric,  or  infusion  of  calendula  flowers. 

chciateki  Kmtan  of  Butter.  Buttcr  cousists  of  a  mixture  of  ucutral  fats — glycerides — 
wliich  on  being  saponified  yield  several  fatty  acids,  among  which  the  non-volatile 
are : — Palmitinic  acid,  C16II32O2,  and  butyroleic  acid  (C12H30O2).  The  volatile  are : — 
Butyric  acid*  (C4H8O3),  capronic  acid  (CeHijOa),  caprylic  acid  (CsHisOa),  caprinio 
acid  (CxoHaoOs).  The  last  four  constitute  in  the  shape  of  glycerides  the  butyrin  or 
peculiar  fat  of  butter,  and  impart  to  that  substance  its  peculiar  odour  and  flavour. 

chocM.  Cheese  is  prepared  from  caseine.  It  is  made  eiiiier  from  skimmed  or 
unskimmed  milk.  In  the  former  case  a  lean,  dry  cheese  is  obtained;  in  the 
latter  a  fat  cheese,  such  as  Cheshire,  Cheddar,  American,  and  tlie  bulk  of 
Holland  cheeses.  Lean  cheese  is  made  in  Germany  by  pouring  the  skimmed 
and  already  sour  milk  upon  a  cloth,  through  the  pores  of  wliich  the  whey  passes, 

*  This  acid  is  formed  not  only  by  the  saponification  of  butter,  but  is  also  met  with  in 
secreted  perspiration,  the  juices  of  the  stomach,  and  results  from  the  fermentation  and 
decay  of  sugar  (in  weak  solutions),  starch,  fibrine,  caseine,  <&c. 
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while  the  caseini?  remains  on  its  surface  as  a  pasty  mass,  which  is  put  bj  hand  i 
the  cheese-mouldi*,  these  being  next  exposctl  to  air. 

Fat  cheese  is  mmie  of  sweet  milk  just  drawn  from  the  mws,  the  milk 
coagulated  by  rennet  after  having  heeii  heated  to  30°  to  40^     Tlie  gelatinous  urns 
tlius  obtained  is  broken  up  and  pressed  by  hand,  and  tlic  wliey  gmdujilly  ivmond 
hy  the  aid  of  wooden  ladles.    The  caseine  havin^^  been  freed  from  whey  is  next  wdl 
kneaded  with  some  common  salt  and  tlien  put  into  wooden  moulds  \>'ith  two  or  thra* 
small  holes  at  the  bottom  for  the  purpose  of  allowing  the  whey  to  flow  off  when  \hi 
cheese  is  pressed.     The  newlj  made  clieese  is  usually  everj'  allemat^  day  dtpp^  m 
M^rmed  whey,  next  wiped  dry,  put  into  tlie  mouhl  a^^miu,  nnd  pressed.     ^1 
crust  has  sufthicntlj  formed  and  the   cheese  become  so  hard  as  ^o  admit  01 
handled,  some  salt  is  rubbed  into  its  surface  and  it  is  then  placed  in  a  cool  well  *ir»4 
room  upon  a  shelf  to  dry.  and  become  as  it  is  termed  ripe.     Tlie  rcsicular  appearuiei 
of  some  kinds  of  cheese  (the  Omy^re  cheese  exhibits  this  in  a  high  degree)  is  indi- 
rectly due  to  the  incomplete  removal  of  the  whey*  the  sugar  contained  h*- 
during    the    ripening   tonverted   into    alcohol    and   carbonitT   acid,   which    i 
expnusif^jn  while  e.scuping  produces  the  vesicular  li'xtnre.     Dutch  cheese  dc»«s  mi 
exhibit  tbi^*  rtppcaranee  on  accouutof  being  strongly  pressed  and  containing  much  s 
by  which  the  fernieutation  of  the  sugar  of  milk  io  the  cheese  is  prevented. 
quality  of  the  cheese  depends  to  some  extent  upon  tinj  temperature  of  tiie  ropm  I 
wliich  it  ripens.     At  jUlgau  i  cwt.  of  Swiss  cheese  of  tlie  first  (jiiality  is  proda 
from  6no  litres  of  milk,  while  for  tlie  second  rjuality  730  to  750  litres  of  fT*i]lc  01 
taken  for  the  same  w*^igbt.     The  theory  of  cheese  fi>nnalion  U  not  well  known,  %Mt 
it  appears  that  fei-raeutation  plwys  an  important  part  in  it,     W.  HoUier  hafiprofel 
that  frebhly  made  cheese  is  tilled  with  ferment  nucU^i  \Kernhffe\. 

Cheese  cannot  be  formed  without  tJiis  ferment,  and  by  the  addition  of  1 
ferments  the  duralion  of  the  cheese  •ripening  process  and  the  quality  of  the  cha 
may  be  to  some  extent  regulated  at  wilh     By  exposure   to  air  cheese  unde: 
changes  wliieh  maybe  best  observ^ed  in  sliimmed-milk  cheese.    When  new  or  yea 
its  colour  is  while.     By  being  kept  so  that  it  does  not  dry,  it  turnti  yellow  and 
becomes  trau spare nh  waxy,  and  tlieu  exhibits  the  peculiar  odour  uf  cheese, 
cheese  gets  very  old  it  becomes  a  soft  pasty  mass,  this  change  commencing  at  I 
outside  and  progressing  towards  the  interior.    The  waxiness  of  cheese  is  due  eid 
to  an  evolution  of  ammonia  or  of  acid.  Mild  cheese  usually  exhibits  an  acid  rp*cti 
while  strong  cheese  is  ammoniacal.     Chemically  speaking,  skimmed-milk  eJiecscl 
a  compound  of  caseine  with  anmiouia  or  ammonia  bases,  amy  luinine  for  instaQfll 
The  so-called  dry  cheeses,   green  Swiss   cheese,  consists  of  an  infusion  of  J 
Melilofits,  &c.,  with  volatile  fatty  acids,  valeriaiiic,  capric,  cuproic  acida,   and  tnd 
fcrenl  substances,  leuciu,  &c.     The  composition  of  sweet  milk  cheese  (a)  and  of  i 
flkim-milk  cheese  {If}  is  eadiibited  hy  the  folio wdng  table  : — 


a. 

&* 

Water    360 

440 

Cttseine 39^0 

450 

Fatty  matter ,«     oi'   305 

6*0 

Ash        .i.     ..*     •••     ...     mnm      45 

50 

1000 
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The  results  of  the  researches  of  Payen  on  cheese  are  quoted  below  in  100  parts  for 
the  fallowing  kinds: — i.  Brie.  2.  Camembcrt.  3.  Roquefort.  4.  Double  cream 
cheese.  5.  Old  Neufchatel  cheese.  6.  New  Neufchatel  cheese.  7.  Cheshire. 
8.  Gruj^re.    9.  Ordinary  Dutch.    10.  Parmesan  cheese. 


I. 

2. 

3. 

4- 

5- 

Water    

45*20 

5190  . 

34-50 

950 

34-50 

Nitrogenous  matter 

18-50 

18-90 

2650 

18-40 

13-00 

Nitrogen       •.•    ••• 

2*93 

300 

4-21 

2*92 

3*31 

Fatty  matters 

2570 

2100 

3010 

59-90 

4190 

Salts      

5-60 

470 

5-00 

6-50 

3*60 

Non-nitrogenous  orgf 
matter  and  loss 

mic 

500 

4*50 

3-90 

n. 

570 

700 

'6. 

«■  • 

8. 

9. 

ID. 

Water    

3660 

35-90 

4000 

3610 

27-60 

Nitrogenous  matter 

8-00 

srooo 

31*50 

29-40 

44-10 

Nitrogen        

127 

413 

500 

480 

7-00 

4070 

26-30 

24-00 

2750 

1600 

Salts      

050 

4-20 

3-00 

090 

570 

Non-nitrojs^enous  organic! 

14*20 

760 

i'50 

6*10 

6-60 

matter  and  loss 

J 

The  varieties  mentioned  under  I.  exhibit  an  alkaline  reaction,  and  eontain  with 
ammonia  ciyptogamic  plants,  or,  as  it  is  termed,  are  mouldy.  The  varieties  under 
H.,  so-called  boiled,  strongly  pressed  and  salted,  cheese,  exliibit  an  acid  reaction,  as 
also  does  freshly  prepared  caseine.  A  portion  of  the  fat  contained  in  the  cheese  is 
eren  from  the  first  decomposed  into  glycerine  and  fatty  acids. 

£mmenthaler  (a)  and  Backstein  (2>)  cheese  are  composed,  according  to  Lindt's 
researches  (1868),  as  follows: — 


waicr ...    •*•    •••     ...    ... 

37-4 

367 

45*2 

35-8 

Fatty  matters    

30-6 

30-5 

28-2 

37-4 

Caseine      ... ... 

28-5 

29-0 

23-2 

24-4 

Salts ... 

3-5 

3-8 

3'4 

2-4 

100*0  1000  1000  1000 

The  results  of  E.  Homig's  recent  analyses  (1869)  of  different  kinds  of  cheese  are :— 


I. 

2. 

3. 

4- 

5- 

6. 

7- 

8. 

Water      3866 

5660 

51-21 

57*64 

3672 

34-08 

59*28 

49*34 

Fatty  matters  ...    20*14 

17*05 

9-16 

20*31 

33*69 

2804 

10*44 

20-63 

Caseine    34'9o 

1876 

3360 

18-51 

25-67 

23-28 

2409 

2426 

Salts 6-17 

678 

601 

3*51 

371 

5-58 

6-17 

5-45 

XiOBS 0*13 

0-81 

0-02 

004 

0-21 

0-02 

002 

0-32 

100-00   100-00   lOO'OO   lOO'OO   lOO'OO   lOO-OO   100-00   100*00 
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I.  Dutch  cheese.  2  and  3.  Ramadonx  cheese,  made  in  Bavaria.  4.  Neafehatel 
cheese.  5.  Gorgonzola  cheese.  6.  Bringen  or  Liptau  cheese,  from  the  Zjpg 
Comitat,  Hungary.  7.  Sohwarzenherg  cheese.  8.  Limhurg  cheese,  made  in  tbe 
environs  of  DoUiain-Limhurg,  in  Belgium. 

Freslily  made  caseine  mixed  with  lime  is  used  as  a  kind  of  cement.  Gaseine  is 
also  used  in  calico-printing  as  a  mordant;  and  a  solution  of  caseine  in  borax  is  used 
instead  of  glue.  In  the  seeds  of  the  leguminous  plants,  peas,  beans,  lentils,  Ac.,  is 
met  with  a  nitrogenous  substance  which  is  soluble  in  water  and  precipitable  there- 
from by  weak  acids ;  this  material  is  very  similar  to  caseine,  and  according  to 
M.  J.  Itiers's  accounts,  peas  and  beans  are  in  China  boiled  with  water  and  strained, 
and  to  the  liquid  thus  obtained  some  solution  of  gypsum  is  added,  whereby  flu 
vegetable  caseine  (legumine)  is  coagulated,  and  the  coagulum  thus  obtained  is 
treated  as  that  of  milk,  obtained  by  the  addition  of  rennet  to  the  latter.  The  maa 
60  obtained  gradually  becomes  like  cheese  in  all  respects. 

Meat. 
oenenutiei.      That  which  WO  tcHu  butchers*  meat  is  the  muscular  sobstance  of 
slaughtered  animals,  together  with  more  or  less  fat  and  bone,  so  that  the  meit 
exhibited  for  sale  contains  on  an  average  in  100  parts : — 

Muscular  tissue     •     16 

Fat  and  cellular  tissue 3 

jjoiies       ••*     ...      ••.     •.*     ••.     ...     ...     ...     10 

Juices      71 

100 
Muscular  tissue  is  histologically  composed  of  a  variety  of  complex  tissues  esd 
fluids,  the  basis  of  which  is  animal  fibre  or  fibrin,  an  organised  proteine  compoosi 
The  muscular  fibre  held  together  by  cellular  tissue  forms  the  muscles,  fat  bang 
deposited  in  the  cellular  tissue  and  in  cells  peculiarly  constructed  for  that  purpose. 
Blood-vessels,  lymph-vessels,  nerves,  and  other  organised  tissues  are  dispersed 
•  through  the  muscles  and  serve  a  variety  of  physiological  purposes.  The  muscokr 
tissue  is  impregnated  witli  a  proteine  fluid  in  which  are  met  with  a  variety  of  other 
substances,  as  kroatinin.  hypoxanthin,  kreatin,  inosite  or  muscular  sugar,  lactic  add. 
inosinic  acid,  extractive  matter,  and  inorganic  salts — among  these  chloride  of 
potassium  and  phosphate  of  magnesia, 

coniititaenu  of  Meat  Tlio  average  result  of  a  great  number  of  researches  recently  made 
on  the  large  scale  concerning  the  quantity  of  water  contained  in  the  meat  of  fattened, 
and  half-  or  non-fattened  animals,  are  the  following: — 

Lamb. 

In  the  non-fattened  meat     62 

„    „  half- fattened  meat     — 

„     „  fully-fattened  meat    49 

„    „  lac  meat      •••     ...     ...     ••.    ^^ 

It  hence  appears  that  with  an  increase  of  fat  the  quantity  of  water  present  in  mett 
decreases,  a  portion  being  replaced  by  fat.  Well  fed  and  fattened  meat  contains  for 
equal  weights  about  40  per  cent  more  dry  animal  matter  than  non-fattened  meal 
while  in  highly  fattened  meat  it  may  amount  to  60  per  cent. 


Sheep. 

Bullock. 

Pig. 

58 

— 

56 

50 

54 

— 

40 

46 

39 

33 

— 

— 
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rhe  difference  in  nntritive  value  of  the  meat  of  well-fattened  bullocks  as  compared 
h  that  of  non-fattened  is  exhibited  in  the  following  percentage  results  obtained  hj 

waier  •••    •••     ■••     ••• 

^^sn  •••     •••     •••     ••• 

J;  av»»«  •••     •••     •••     ••• 

Muscle 


Fattened. 

Non-fattened. 

...     38-97 

59-68 

...       1-51 

1-44 

...     2387 

807 

...     3665 

30-81 

zoo  00 

XOO'OO 

asenhur 

Meat.          Fat. 

356            239 

15        390 

308              81 

14           597 

:oQO  grms,  contain : — 

Meat  from  fattened  bullocks 

Meat  from  non-fattened  bullocks... 

Difference       +48        +158  -fi        —207 

>>n8eqnentl7  the  meat  of  fattened  bullocks  contains  in  1000  parts  207  more  of 
id  nntritive  matter  than  the  meat  of  the  same  in  unfattened  condition. 

•  ceokiaf  oc  MMt  Meat  is  either  roasted  or  boiled.  By  boiling,  meat  is  very  essentially 
sred  in  composition  according  to  the  time  it  is  boiled  and  the  quantity  of  water 
d  to  boil  it  in.  The  fluid  in  which  meat  has  been  boiled  contains  soluble  alkaline 
Mphates,  salts  of  lactic  and  inosinic  acids,  phosphate  of  magnesia,  and  a  trace  of 
wphate  of  lime.  In  order  to  be  of  the  highest  nutritive  value,  meat  should  retain 
its  soluble  constituents ;  hence  boiled  meat  loses  much  in  nutritive  power.  The 
umen  contained  in  meat  is  lost  by  boiling  according  to  the  usual  plan.  Meat 
3nded  to  be  boiled  should  be  immersed  in  boiling  water  to  which  some  salt  has 
n  added,  the  meat  being  put  in  while  the  water  boils  violently,  whereby  so  great 
cat  is  at  once  imparted  to  the  outer  portions  of  the  meat  as  to  coagulate  the 
umen,  which  then  acts  as  an  impermeable  layer,  retaining  tlie  juices  in  the  meat, 
big^s  directions  for  making  good  broth  are  tlie  following : — ^Lean  meat  is  minced, 
led  with  distilled  water,  to  which  a  few  drops  of  hydrochloric  acid  and  common 
;  are  added.  After  having  been  digested  in  tlie  cold  for  about  an  hour,  tlie  liquid 
strained  through  a  sieve,  and  upon  the  residue  some  distilled  water  is  again 
ired  so  as  to  extract  all  soluble  matter.  In  tliis  way  an  excellent  and  highly 
ritive  cold  solution  of  extract  of  meat  is  obtained ;  this  may  be  drunk  without 
[ig  heated,  and  contains  albumen  in  solution,  which  is  coagulated  by  heating. 

•  parts  of  beef  yield  an  extract  containing  2*95  parts  of  albumen  and  305  parts  of 
er  constituents  of  meat  not  coagulable  by  heat.  Chevreul  obtained  from  500  grms. 
»eef  containing  77  per  cent  water,  2725  grms.  of  extract,  in  which  were  325  grms. 
;  deducting  these  tliere  remain  48  per  cent  extract  The  bulk  of  this  fluid  extract 
I  z'25  litre,  tlie  weight  1013  grms.,  and  it  contained: — 

Water      


Org«uc  matter  {SSlJ^-a^l" 

Alkaline  salts 

Earthy  phosphates 


991-30 
9*44 

867 
046 

101309 
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mrZINO  AND  OALIOO  FBIHTOrOW 

On  Dtxino  and  Faqitino  in  Gensbal. 

DTdBfudPdntiiif  ina«iienL  The  object  of  the  art  of  dyeing  is  to  impart  to  textfli 
fibres,  chiefly  in  the  shape  of  woven  tissne,  but  in  many  instances  as  yam,  mom 
colonr  or  other.  Dyeing  is  distingoished  firom  painting  by  the  fact  that  flu 
pigments  are  fixed  to  the  animal  and  yegetable  textile  fibres  according  to  catm 
physico-chemical  principles,  and  are  not,  as  in  painting,  simply  fixed  by  ^h^f  to 
the  snrface,  althoagh  painters  and  artists  occasionally  use  the  same  jngmeBli 
Printing  consists  in  the  duplication  of  coloured  patterns,  and  is  a  yeiy  importaiit  put 
of  dyeing. 

i>7«a.  The  materials  employed  for  the  production  of  colours,  the  dyes  and  pigmenlv, 
are  partly  of  mineral,  animal,  and  vegetable  origin,  partly  artificially  obtained— thit 
is,  the  products  of  modem  chemistry.  Among  the  very  large  number  of  inorguie 
pigments  few  only  are  as  such  fit  for  use,  and  if  employed  at  all  it  is  by  an  indirect  or 
circuitous  process,  that  is,  they  aro  produced  upon  the  woven  fabric  itself.  For 
instance,  chromate  of  lead  is  obtained  by  first  impregnating  the  woven  tissue  widi 
acetate  of  lead,  after  which  the  fabric  is  treated  with  a  solution  of  bichromate  or 
neutral  chromate  of  potash,  the  result  being  the  formation  of  a  solid  adhering 
chromate  of  lead.  Among  many  other  inorganic  pigments  may  be  enumerated^ 
Berlin  blue  ;  hydrated  oxide  of  iron,  for  drab,  nankeen,  or  rust  colonr ;  bistre  coloiir, 
hydrated  oxide  of  manganese :  chrome-green,  oxide  of  chromium.  Among  the  dj«9 
of  animal  origin  are — The  ancient  Tyrian  purple,  derived  from  a  mollusc,  a  natire  <rf 
the  Mediterranean,  now  not  used ;  kcrmes  (Coccus  ilicis) ;  cochineal  [Coccus  cacti) ;  be 
dye  [Coccus  lacca).  A  much  larger  number  of  dyes  are  obtained  from  the  vegetable 
^gdom.  It  appears  from  recent  researches,  that  a  large  number  of  the  so-callei 
TP£retable  pigments  are  present  in  the  plants  themselves  in  a  colourless  condition, 
becoming  coloured  by  the  action  of  the  atmosphere.  It  is  impossible  to  mention  tnj 
general  properties  of  the  vegetable  pigments,  because  excepting  the  fact  that  they  are 
aU  coloured,  they  are  not  possessed  of  any  property  common  to  all.  Nearly  all  dyes 
fade  by  the  combined  action  of  sunlight  and  moist  air.     Clilorine  destroys  most 

flours ;  while  many  dyes  are  bleached,  not  destroyed,  by  sulphurous  acid.   We  owe 

researches  of  modem  chemistry  a  class  of  pigments  which  surpass  in  besQty 

^  the  native  dye  materials.    These  cliemically  prepared  dye  materials  are 

"viTod  from  coal-tar,  more  particularly  from  benzol,  toluol,  carbolic  add. 

>»4  niyhthalin.     The  pigments  derived  firom  these  substances  are 
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Lonly  termed  aniline  or  coal-tar  colours,  fiiclisin,  magenta,  aniline  blae  and  violet, 
hester  yellow,  aniline  orange,  picric  acid,  aniline  brown,  coralline,  alizarine 
cially  prepared  from  antliracen),  magdala  red,  aniline  black,  and  aniline  green, 
ig  the  chemically  prepared  colouring  matters  should  be  mentioned  those 
led  by  the  decomposition  of  the  alkaloids  (cinchonine,  quinine,  &c.),  chinoline 
quinine  green  (tlialleiochine),  and  also  murezide,  a  product  of  the  decomposi- 
►f  uric  acid. 

piffmenta.  The  so-oalled  lakes  are  compounds  of  starch,  alumina,  oxide  of  tin,  oxide 
d  with  sometimes  carbonate  of  lime,  baryta,  or  oxide  of  antimony,  with  tlie  colouring 
jr  of  madder,  cocliineal,  woad,  logwood,  tar-colours  (viz.  coralline,  fuchsin,  aniline 
.) ,  but  as  yet  these  substances  are  not  prepared  in  definite  proportions.  By  paints 
iderstand  substances  wliich  as  a  rule  are  insoluble  in  water  and  are  mixed  with 
r  weak  glue  solution,  being  then  termed  water-coloiirs,  or  with  linseed  oil,  called 
lints.  To  these  pigments  belong  white-lead,  red-lead,  ultramarine,  Berlin  blue, 
Ulion,  chrome-yellow,  bone-black,  &c.  The  ordinary  water-colours  are  insoluble 
ater,  being  finely  suspended  therein  by  the  aid  of  gum,  white  of  egg,  gum 
canth,  &c.  The  pastel  pigments  used  for  drawing  are  made  up  of  various 
ents,  mixed  with  pipe-clay,  soap,  and  some  tragacanth  mucilage,  and  moulded 
sylindricol  sticks. 

ting  Materials.  Dydng  mcsus  strictly  the  tinging  or  colouring  of  absorbent 
ances  by  impregnating  them  with  solutions  of  colouring  matters.  It  is  thus 
ted  to  painting,  wliich  consists  in  laying  a  colour  upon  the  surface  to  be 
red.  In  the  art  of  dyeing  some  colouring  matters  are  applied  by  immersing 
issue  to  be  coloured  in  the  decoction  or  solution  of  the  pigment.  Some  sub- 
es  are  applied  to  the  surface  of  the  woven  fabric  by  the  intervention  of  what 
::hnically  termed  a  mordant,  which  is  in  the  case  now  under  consideration 
a  means  of  obtaining  adhesion,  as  when,  for  instance,  ulti*amarine  is  fixed  by 
id  of  white  of  egg.  Sap-colours  are  substances  more  or  less  soluble  in  water, 
ing  very  slightly,  and  more  or  less  translucent,  as  sap-green,  gamboge,  carmine 
Lon,  many  of  the  tar-colours,  &c. 

Tlie  Coal-Tar  Colours. 
rkr.  This  substance  is  very  largely  obtained  as  a  by-product  of  the  dry  dls- 
lon  of  cool  for  the  purpose  of  gas  manufacture,  and  is  a  most  complex  mixture 
very  large  number  of  substances,  among  which  are  fluid  and  solid  hydro- 
ins  (benzol,  toluol,  cumol,  cymol,  anthracen,  naphthalin);  acids  (carbolic  or 
jrlic,  cresylic,  phlorylic,  rosolic) ;  bases  (aniline,  cliinoliue,  odorine,  picoline, 
line,  coridine,  &c.),  and  asphalte-forming  materials.  Leaving  tlio  small  quantity 
^c  substances  out  of  the  question,  100  parts  of  tar  consists  of  the  following 
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carried  oif  by  means  of  h.    By  freezing  benzol  and  pressing  the  solid 
obtsiiued  it  may  be  rcnd<?red  quite  pure. 

In  the  year  iS6o.  Dr.  E,  Kopp»  at  Turin,  showed  that  tlie  preparation  of  bcainl 
might  be  advantugeously  etrected  by  the  use  of  an  apparatus  similar  in  cc^uetnirtias 
to  that  cmplo3*ed  in  spirit  distilleries.  Coupler  has  constructed  an  appariitas  upon  thtf 
principle,  which  is  shown  in  Fij^.  267.  A  is  the  stilJ  ;  at  B  the  cmde  benzol  W} 
poured  in ;  0  is  a  stpam-pipe  for  heating  the  si  ill  and  its  contents.  The  vii 
evolved  from  tlie  boillnj::?  liquid  are  carried  into  tlie  column  n.  which  acta  as  u  dej 
mator,  by  which  a  first  fractionation  is  effected.  The  volatile  vapours  which 
condensed  in  n  arc  carried  to  tJie  apparatus  D,  which  is  filled  with  a  soltti 
chloride  of  calcium*  This  apparatus  is  kept  at  a  uuiforra  temperature  detei 
the  thermometer*  t,  and  maintained  by  the  steam -pipe  m. 

The  steam  conveyed  by  the  heating  pipe  escapes  by  p.     When  it  ia  d^ired  to 
pare  pure  benzol  tlie  cliloride  of  calcium  solution  is  heated  to  80'.    The  vapours 
are  conveyed  to  o  are  a  mixture  of  benzol,  toluol,  kc.    As  the  tempenitore  of 
receiver  o  does  not  exceed  80°,   tlie  vapours    of  toluol   and  other  hoi 
compounds,  as  xylol,  are  condensed  ;  while  the  vapours  still  uncondensed  are 
to  the  receivers  h,  i,  and  k,  losing  or  depositing  there  the  last  traces  of  tlie 
volatile  hydrocarbons,  becoming  finally  condensed  in  l,  surrounded  with  cold 
and  tnckling  down  iiilo  the  carboy*  m.     The  fluid  condensed  in  o,  h,  i,  and  k, 
back  into  the  column  n.    As  the  receiver  o  contains  the  heaviest  oils  Ihea 
carried,  for  the  purpose  of  dephlegmation,  to  tiie  lower  portion  of  the  column, 
the  products  condensed  in   K   are   conveyed  by  pipes   into  the   upper   pai  * 
the  column.     When  it  is  desired  to  prepare  toluol  instead  of  benzol  the  ehl< 
calcium  apparatus  is  heated  to  loS**  to  log*, 

II,  Oaro,  A.  and  K.  Clemm,  and  F.  Engelhorn  have  suggested,  instead  of 
benzol  from  coal  tar,  it  should  be  extracted  from  coal-ga3  by  causing  tliis  to  be 
slowly  tiirough  tar-oils  which  have  a  hi^dier  boiling-point  than  benzol,  toduol,  &c„ 
extract  by  distilhttion  the  benzol,  &c,,  from  these  heavy  oils  after  they  haT€ 
saturated.     The  heavy  oib  can  serve  the  same  purpose  again^  while  as  r*^ 
depreciation  of  the  illuminating  power  of  the  gas  caused  by  the  withdraw 
hydrocarbons^  boiaol,  Ac,  present  in  tlie  gas  as  vapours,  the  authors 
saturation  of  the  gtu  witli  petroleum  oil  (benzoline)«     This  mode  of  making 
iiot  yet  practised  on  the  large  scale. 
]iitio<b«aisaL.       The  beuzol  is  converted  into  nitro-benzol  by  the  aid  of  nitric  add; 

commercial  article   is    a  mixture  of  nitro -benzol,  CgLr^       nitro-toluoh  Cy-J 
f  H  *     *•  I  - 

and   nitrO' xylol,  CIsJ^^tq  .      E.  Mitscherlieh  discovered  nitrobenxol  in  1834, 

C.  CoUfts  lirst  prepared  this  substance  on  the  large  scale  at  Paris  under  the 
Etitettrf  de  Wtrhnne.  The  apparatus  employed  fcirnierly  for  the  making  iif  ilii« 
tion  was  contrived  by  Mansfield,  and  consists  of  a  convoluted  ;;  v 

towards  its  top  or  upjier  end  is  bifurcated  so  as  to  form  two  sepfi  .-a 

with  funnels.     Into  one  of  tiiese  a  continuous  stream  of  benzol,  and  into  thfi 
strong  nitric  acid,  is  caused  to  flow ;  and  while  these  liquids  are  carricHj  dd 
by  gravitation  through  the  windings  of  the  tube  the  combinstioii  takes  p!a«)4^ 
the  warm  liquid  is  so  far  cooled  that  it  can  be  collected  at  the  lower  tnd  of  the 
The  crude  nitro-bon/rd  thus  obtained  Is  rendered  pure  by  fir^Jt  Washing  it  with 
and  next  with  a  dilute  solution  of  carbonate  of  soda. 
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Parn-TiHro  benzoic  a€i<i,  a  Bubstiince  isometric  writli  nitro*benzoic  acid,  is  found  in 
Uie  washings  of  the  ii I Iro- benzol. 

It  is  prifiTabltP.  however,  to  prepare  nitro-bciizol  from  a  mixture  of  2  parts  of 

nitric  ncNil  at  40''  Beaume  (sp.  gr  i:384»  and  i  part  of  conoenlrtited  isuJpburic  acid, 

the  openition  being  carried  on  in   closed  vcBselu  very  similur  to  tliose  in  use  for 

makin;,'  aniline.     The  upper  part  of  the  apparatus  u  fitted  with  a  tube  for  conveying 

ttie  nitrous  acid  fumes  to  a  chimney,  wliile  an  S-shaped  tube  connects  the  tipparatus 

with  tJie  tank  containing  the  acid  mixture.     The  quantity  of  benzol  intended  to  be 

mtrated  is  introduced  into  the  apparatus  at  one  time ;  the  mixed  acids  are  gradually 

poured  into  the  beazoU  and  tht*  reaction  aided  by  a  stirring  apparatus.     Any  benzol 

volatilised  by  the  heat  generated  1>y  the  reaction  id  condensed  by  an  apparatus  iitted 

to  the  reaction  vessel  and  is  thus  saved.     The  end  of  tlie  reaction  is  indicated  by 

tlie  liquid  becoming  colonrletis  and  being  separated  into  two  distinct  strata  by  the 

additifrti  of  water.     The  acid  is  first  diluted  to  50"  B.  Isp.  gr,  1*532}  and  the  fluids 

are  separated  by  decantation.     The  nitro-benzol  ia  puriiied  by  Wiishiri^^  witli  water, 

the  dilute*  acid  mixture  being  used  either  in  the  making  of  sulpliiiric  acid  or  in 

cither  chemical  processes,  such  as  the  preparation  of  superphosphates.     On  E.  Kopp*a 

suggestion  nitro-bemcol  is  now  made  by  tfie  aid  of  a  mixture  of  nitrate  of  siida  and 

fiulphunc  add.     100  kilos,  of  benzol  yield  135  to  140  of  nitro-benzoL 

.     We  distinguish  three  different  kindfi  of  nitro-benzol,  viz.: — i.  Light  nitro-benzol, 

Bboiling  between  205'  and  2io*.    Thi«  is  used  in  perfumery  and  soap-making  in  very 

■iirgo  rpifln titles  under  the  name  of  artificial  oil  of  bitter  almoiid«,  or  Etsence  de 

nfirhatic,  fip,  gr.  =  120  (—  24''  B,)     2,  Heavy  nitrobenzol.lHiilin;;  between  210   and 

HJO**,  possoftsing  a  peculiar  fatty  smell.     It  is  not  used  in  perfuniery,  but  cliietly  for 

■Ihe  preparation  of  aniline  red ;   sp.  gr.  =  rig  (=  28"  B.)     3.  Very  heavy  nitro- 

bettzol.  boiling  between  222"  and  235°,  sp.gr.  =  1*167  (=  5^^  ^4     Of  disagreeable 

lodour.  lilts  kind  is  chiefly  used  for  the  preparation  of  aniline  Idtended  for  making 

u&iline  blue. 

I  AaiUik^  The  crude  aniline  used  for  the  preparation  of  tlie  so-called  tar  or 
kniline  c«dours  is  essentially  a  mixture  of  anihno,  C&HyN,  tolnidlue,  C^HgX,  and  the 
nMeudo-toIuidine  discovered  by  liosenstlehh  a  body  isomeric  with  toluidiue.  Tlds 
ndnd  of  aniline  is  known  in  the  trade  as  aniline  oiL  Pure  aniline  and  pure  toluidine 
Bonly  yield  pigments  under  special  conditions.  Aniline  was  discovered  at  Dahme.  in 
ISttXony.  by  Dr.  Unverdorben,  in  1826,  among  the  products  of  the  dry  distillation  of 
Kndigo.  Bud  in  1833  Ilungf*»  iit  Oranienburg,  near  Bt'rlin,  discovered  its  presence  in 
■  coal  t4ir.  Range  also  discovivred  that  aniline  yielded,  vvht^n  bronght  into  contact 
I  with  a  solution  of  hypoclilorite  of  lime  ^bleaching-powder|»  n  beautiiul  vi.det  colour ; 
Bli6itc«  tlie  name  kyanol  {blue  colouring  oil).  Dr.  von  Fritzsche.  St.  Petersburg,  1841, 
^thoroughly  investigated  tlte  substance  obtained  by  Dr.  Unverdorben  from  indigo, 
I  MMCefUvLiivd  its  coniposiliont  and  called  it  amilinet  from  aniL  the  Portuguese  term  for 
lijidigo.  In  the  year  1842  Zinin  found  that  when  nitro-ben»tol  was  treuted  with 
•wilphuretled  hydrogen,  there  was  fnnnt  d  a  base  which  he  tenned  benzidara.  The 
Vforilit  r  reMearidiesof  O,  L.  Erdmann  iind  Dr.  A,  W.  Hofmann,  brought  the  fact  to  light 
Kihftt  Dr.  Unverdorbcn's  cryslnlhue.  kyanol,  benzidam,  and  aniline  were  the  same 
IftobfitAuce,  to  which  tlie  name  aniline  was  then  finally  given.  We  owe  to  the  exten- 
Ltep  researches  of  Dr.  A.  W.  Hofmann  our  present  knowledge  of  aniline  and  its 
^Hapounds. 
V*  OoiX'Ukt  contains  0*3  to  0*5  per  cent  of  aniline,  but  its  ex^tractiozi  from  tar  is 
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attended  with  80  HMtnf  dMcultiea  that  it  is  preferred  to  prepare  iimliDe  from  ; 
henzol  by  a  reaction  discovered  by  Ziiiin  ;  llint  is  to  say,  to  bring  nitro-benzol  1 
contact  with  reducing  agents,  i  molecule  of  nitro- benzol,  C^Tl^^^O  =  125,  riti 
I  molecule  of  unilitie,  CeliyN  =  93.  In  practice  it  is  assumed  that  too  parts  of  i 
benzol  yield  100  p«rts  of  auihne. 

Although  8ulphuri4ted  hydrogen  completely  reduces  nitro- benzol  to  anilin^t  ^ 
trade  working  on  the  large  scale  prefers  to  follow  Bechamp's  method,  the  treatment  i 
nitro-benzol  witli  iron -filings  and  acetic  acid.     The  apparatus  in  use  for  ca 
out  this  operation  was  devised  by  Kicholson,  and  is  exhibited  in    Fig,  268. 
consists  essentially  of  a  cast-iron  cylinder,  x,  of  10  hectolitres  (220  galloDsl 
capacity,    A  stout  mm  tube  is  fitted  to  this  vessel  reaching  nearly  to  the  bottom  < 
tlie  cylinder.     The  upper  part  of  this  tube  is  connected  with  the  machinery  0,  wli 


the  surface  of  the  tube  is  fitted  with  steel  projects^  na.  The  tube  sciTes  to  j 
steam  as  well  as  acting  as  a  stirring  apparatus.  Sometimes,  instead  of  ihia  I 
solid  iron  axle  is  employed,  and  in  this  case  Uiere  is  a  separate  6tcam^pi{it«  I 
Tlirough  the  opening  at  k  the  materials  for  making  aniline  are  put  into 
apparatus,  whik  the  volatile  products  are  carried  off  tJirotigh  E,  h  sen c9 
emptying  and  cleaning  the  apparatna.  The  8- shaped  tuW  connected  with 
vessel  B  acts  as  a  safety-valve,  Wien  it  is  intended  to  work  with  tliis  tippa 
there  is  first  poured  into  it  through  k  to  kilos,  of  acetic  ncid  at  8*  B.  {=  sp  gr  n 
previously  diluted  \^ith  six  times  the  weight  of  water;  next  there  are  added  jol 
of  iron-filings  or  cast  iron  borings,  and  125  kilos,  of  nitro- benzol,  and  immc<l 
after  tlie  stiiTing  apparatus  is  set  in  motion.  The  reaction  ensues  dirccUy*  And  i 
fttteniied  by  a  oonsiderable  evolution  of  heat  and  of  vapours.     Gradually  more  irofi 
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idded  until  the  quantity  amounts  to  i8o  kilos.  The  escaping  vapours  are 
densed  in  f,  and  the  liquid  collected  in  b  is  from  time  to  time  poured  back  into 
cylinder,  a.  The  reduction  is  finished  after  a  few  hours.  The  resulting  thick 
gma  exhibits  a  reddish-brown  colour,  and  consists  essentially  of  hydrated  oxide  of 
If  ftniline,  acetate  of  aniline,  acetate  of  iron,  and  excess  of  iron.  Leaving  the 
tie  acid  out  of  the  question,  the  process  may  be  elucidated  by  the  following 
Qdulai— > 

C6H5NOa+HaO+Fea=C6HyN+Fea03. 

Nitro-benzoL  Aniline.  Peroxide 

of  iron. 

nds  magma  is  either  first  mixed  with  lime  or  is  put  into  cast-iron  cylinders  shaped 

3  gas-retorts,  and  submitted  to  distillation,  the  source  of  heat  being  either  an  open 

cur  steam.    The  product  of  this  operation,  consisting  of  aceton,  acetaniline, 

line,  nitro-beuzol,  &c.,  is  rectified  by  a  second  distillation,  care  being  taken  to 

lect  only   tlie    product   which   comes   over   between    115''   and    190°;   but   a 

4nct   which    comes    over    at   between    210''   and    220    is   very   suitable  for 

preparation   of  aniline  blue.     The  aniline  oil  thus   obtained  is  a  somewhat 

wn-coloured  liquid,  heavier  than  water,  and  pure  enough  for  the  preparation  of 

aniline  colours.    According  to  Brimmeyer,  acetic  acid  is  not  necessary,  and  a 

y  good  result  may  be  obtained  by  mixing  nitro-benzol  with  60  parts  of  pulverised 

1  with  acidified  water  (2  to  2*5  per  cent  of  hydrochloric  acid  upon  the  weight  of 

ro-benzol),  and  leaving  this  mixture  to  stand  in  a  retort  for  some  three  days 

ore  distilling  off  tlie  aniHne  oil.    In  the  aniKne-oil  works  of  Coblentz  Fr^res,  at 

is,  nitro-beu2ol  is  reduced  by  the  aid  of  iron-filings,  a  portion  of  which  have  been 

ted  with  copper  by  being  immersed  in  a  solution  of  the  sulphate. 

Che  composition  of  the  aniline  oil — essentially  a  mixture  of  aniline,  toluidine,  and 

udo-toluidine — depends  upon  the  nature  of  the  benzol  and  nitro-benzol  used  for 

preparation.     The  aniline  oil  boiling  between  ISC'"  and  195   (&p.  gr.  =  1014  to 

21  =  2°  to  3°B.)  is  prepared  from  nitro-benzols  which  boil  between  210°  and  220^ 

I  the  aniline  it  yields  is  chiefly  used  for  aniline  red ;  wliile  for  aniline  blue  a  very 

►vy  nitro-benzol  is  employed,  and  for  aniline  violet  a  nitro-benzol  which  boils  at 

»"*  to  225''.    The  following  table  exhibits  the  boiling-points  of  the  substances  which 

^e  been  mentioned : — 

Benzol     80**  Nitro-toluol    225" 

Toluol      108**  Aililine    182° 

Nitro-benzol   213''  Toluidine        198" 

ks  regards  the  annual  production  of  aniline  oil  it  is  now  (1871)  3,500,000  lbs.,  of 

ich  2,000.000  lbs.  are  consumed  in  Germany,  and  the  remainder  in  Switzerland, 

gland,  and  France 

I.  Aniline  Colours, 
uiMOoioan.      The  aniline  oil  serves  for  the  industrial  production  of  the  so-called 
line  or  toluidine  colours : — i.  Aniline  red.    2.  Aniline  violet.    3.  Aniline  blue. 
Aniline  green.    5.  Aniline  yellow  and  aniline  orange.    6.  Aniline  brown.   7.  Ani- 
3  black. 

dUMBed.  I.  This  pigment  or  dye,  also  known  as  fuchsin,  azaleine,  mauve, 
ferine,  magenta,  roseine,  tyraline,  &c.,  is  the  combination  of  a  base,  which 
.  Al.  W.  Hofinann  has  named  rosaniline,  with  an  acid,  usually  acetic  or  hydro- 


57<S 


CHEMICAL  TECHNOLOGY. 


chloric.     In  Germany  uud  Switzerland  fuchsin  is  Uie  liydroclilorate  of  ] 
CtoHigN3,ClH ;  whilt;  in  England  the  acetate  is  used*  the  formula  beiog 

C^otr  J  qNj  ,CaH403 , 

The  base  rosoniline  is  gl  colourless  6ul>stance,  hut  ita  readiljr  crystjillising  adt» 
coloured.  The  composiiiMn  of  thb  base  is  expressed  by  the  formula*  C^HigN-^Hj 
and  it  is  formed  %  the  cumbmation  of  z  atoms  of  toliiidine  with  i  atom  of 
and  the  eliminatioii  of  4  atoms  of  H,  which  become  oxidised — 

2C7ligN+C6H7N+30=2HjOH-CaoH,9N3.HaO. 
Accordiugly  the  coastilutional  formula  of  rosaniline  is: — 


^H^gN^ 


According  to  Rosenstiehrs  researches  (1869)  all  the  diiferent  kinds  of  : 
commerce  contain  p^iHulo-roaanilino,  a  base  isomeric  with  rosaniline. 

Aniline  red  can  bo  obtained  from  aniline  oil  bj  the  application  of  various  1 
as.  for  instance: — Chloride  of  tin»  Vergum's  method;  perchloride  of  cajrbau*] 
mattn  and  Natanson's  methods  ;  pernitrat^  of  mercury,  Gerbcr-Keller;' 
of  mercury,  Sehnitzcr  ;  nitric  acid,  Lauth  and  Dcpouilly;  antimonic  acid, 
arsenic  aeid»  Medlock,  Girard  and  de  Laire ;  aniline  oil,  nitro-tolaal,  hj 
acid  and  inetalUc  iron,  Caupier,     100  parts  of  aniline  oil  yield  2^  to  33 
crj'stalline  fuchsin. 

Notwitlislanding  the  grtat  danger  arising  from  the  use  of  arsenic  acid,  aiid| 
difficulry  of  disposing  of  the  very  jfoikinous  residues  of  this  mode  of  preparing  f 
sin,  the  majority  of  the  maniifticturers  of  this  dye  prefiT  to  use  the  arsense  I 
method*     According  to  (iimrd  and  de  Laire's  method  i  c^^t.  of  aniline  oil  uud  fl  i 
of  hydrate  of  arsenic  atid  at  60"  B.  t=  171  sp.  gr)  are  heated  together  for  4  I 
hours  at  a  temperature  iviiich  should  not  exceed  190*"  to  200°.     The  red  fused  : 
ifuchsin  mixture  or  smelling)  formed  by  tliis  operation  is  broken  into  smaB  I 
and  then  boiled  witli  water,  and  as  soon  as  tlie  mass  is  dissolved  it  is  filtered  ( 
felt  or  Unen  bags,  and   the  filtrate  poured  into  tanks  for  the  purpose  of  ob 
crystals.    After  the  lupse  of  2  to  3  days  the  mother-liquor,  a  very  poisonous  ] 
which  covers  tlie  crystuh.in  run  olTinto  perfectly  water-tight  tanks  made  of  sialic  I 
coaled  with  asphaltc,  and  in  order  to  precipitate  the  arsenic  and  arseniotks  idll** 
tliere  is  added  a  mixtnre  of  waslied  chalk  and  lime,  the  ensuing  precipitate  1 
employed  for  making  arsenical  prepkrations.f     The  crystalline  mass  is  po 
re'Crjf^raUisaiion.     In    the   Fremh  fuchsia  works  the   fused   mass  is  disaolv 
water  and  hydrochloric  acirl,  and  next  neutralised  with  soda.     The  fuchstu  is  l 
obtained  as  a  orystalline  cake,  which  is  dissolved  by  being  boQod  mth  water,  and  ( 
8ohiti«Mi  allowed  it>  cryslttlhse.    The  fuchsiu  thus  obtained  always  contains  1 
and  wlien  it  is  desired  to  use  a  sjilt  of  ro&anUine  for  colouring  liqueurs  and 
meats  it  is  necessary  to  use  a  preparation  made  with  eitlier  clilorido  of  1 
bichloride  of  mercury.     The  salts  of  rosaniline  exhibit  by  reHecied  light  a 
golden  hue ;  by  transmitted  Hght  the  colour  is  red.    The  hydrochlorate  of  roi 
is  usually  called  fuchsin,  the  acetate,  rosoine,  and  the  nitrate*  azaleine.  The  1 

The  fTJchain  prepared  by  the  aid  of  this  rea^nt  is  known  as  rubin«  and  la  sffiflflTvi 

r  4-1   .  iTkir  ui^it  and  for  enliinriug  hqucurs  and  sweetmeats. 

;^  to  Dr.  BoUry,  the  lirBenieal  fluids  obtained  can  be  rendered  again  fit  tef  iff 
11  with  hydrochloric  acid.     On  being  diluted  with  water  the  ats«iiiuu»  i  *' 
^ihL  iu  the  distaifitc  i»  ibxowu  dowa* 
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lese  salts  in  water  or  in  alcohol  exhibit  a  well-known  and  very  magnificent 
line  red.  The  tinctorial  power  is  exceedingly  higli,  since  i  kilo,  of  fachsin 
ifficient  to  dye  200  kilos,  of  wool.  The  tannate  of  rosaniliue  is  very  difficultly 
ble  in  water.  Fuchsin  is  the  basis  of  nearly  all  other  aniline  colours ;  for 
mce,  fuchsin  yields  violet  or  blue  with  aniline  oil ;  fuchsin  and  iodide  of  ethyl, 
I  or  violet.  The  action  of  the  arsenic  acid  in  the  formation  of  rosaniline  may  be 
"esented  as  follows : — 

2C6hJn1  =  CaoHasNa+sAs^Og  =  CaoH,9N3+3A8a03+3HaO. 

Aniline        Arsenic       Bosaniline.  Arsenions  Water 
oiL  acid.  acid. 

Una  violet  2.  This  pigment,  also  known  as  aniline  purple,  anileine,  indisine,  phena- 
ne,  harmaline,  violine,  rosolan,  mauveine.  was  discovered  in  1856  by  Dr.  W.  H. 
kin,  and  is  prepared  by  the  action  of  bichromate  of  potash  and  sulphuric  acid, 
s  substance  has  also  been  prepared  by  other  reactions,  for  instance,  by  the  treat- 
it  of  a  salt  of  aniline  with  a  solution  of  bleacliing-powder  (Bolley,  Beale,  Kirk- 
1) ;  with  peroxide  of  manganese  (Kay),  and  peroxide  of  lead  (Price),  both  in  the 
tence  of  sulphuric  acid ;  by  the  action  of  permanganate  of  potash  upon  a  salt  of 
ine  oil  (Williams)  ;  by  treating  aniline  oil  with  chlorine  (Smith) ;  with  ferri- 
oide  of  potassium  (Smith) ;  with  chloride  of  copper  (Caro  and  Dale).  Indus- 
lly,  only  Dr.  Perkin's  method  with  the  bichromate  and  sulphuric  acid  is  used. 
)  base  of  the  violet  tlius  obtained  is  mauveine,  C27H24N. 

*he  so-called  Violet  Imperial  obtained  by  Girard  and  de  Laire  by  the  action 
shromate  of  potash  upon  a  mixture  of  aniline  oil  and  hydrochlorate  of  rosaniline 
80°,  differs  from  the  preceding  product,  while  another  violet  is  obtained  according 
Nicholson  by  heating  fuchsin  to  200°  to  215".  When  a  salt  of  rosaniline  is  heated 
1  excess  of  aniline  there  are  formed,  before  blue  colours  ensue,  violet  pigments,  of 
ch,  according  to  Hofmann — 

The  red- violet  is  monophenyl-rosaniline. 
The  blue-violet  is  diphenyl-rosaniline. 
liiB  latter  yields  on  being  further  heated  triphenyl-rosaniline  or  aniline  blue, 
ordingly, — 

Bosaniline  red  is     CaoHaiNjO. 

Monophenyl-rosaniline  (red-violet)  is        CaoH2o(C6H5)N30. 

Diphenyl-rosaniline  (blue-violet)  is    OaoHi9(C6H5)aN30. 

Triphenyl-rosaniline  (blue) CaoH28(C6Hs)3N30. 

•he  violet  is  now  named  the  old  or  Nonpareil  violet;   and  we  have  the  new 
odine  violet,  Hofmann's  violet  or  dalilia  colour,  distinguished  by  the  presence  of 
alcohol  radicals,  ethyl,  methj'l,  and  amyl,  instead  of  phenyl.    These  new  violets 
obtained  by  heating  to  100"  or  no**  fuchsin  with  alcohol  as  a  solvent,  and 
iodides,  or  more  recently,  the  bromides,  of  the  alcohol  radicals,  the  mixture 
ig  kept  in  closed  cylindrical  vessels.     According  to  the  length  of  time  this 
stion  is  allowed  to  take  place  there  are  formed : — 
MObethyl-rosaniline, 
Diethyl-rosaniline,  or 
Triethyl-rosaniline. 

The  most  ethylised  base  exhibits  a  blue-violet  colour,  while  the  less  ethylised 
88 
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exJiibitt)  a  rcHi  hue.  The  metJiylated  and  ethylated  violets  are  far  mart  bdOiittill 
tlie  phenyliitecj.  The  Violet  dt  Paris,  iiitroduce<l  by  Poirrier  and  CbapfMit,  i»  1 
product  of  the  actioa  of  chloride  of  tin  and  fiiiuiiar  compounds  upon  the  i 
ethyl  auiUne. 

juuiiic  Mat,       3»  This  colour,  also  known  as  azuline  and  ftzurinc,  ^'as  firal  <il 
1861  by  de  t*aire  and  Girard  by  heating  together  for  some  hours  a  mixture  of  I 
sin  and  aniline  oil.  and  trtrating  the  product  of  this  reaction  with  hydrtxrhlonc  1 
The  blue  pigment  produced  ia  Itnown  in  commerce  as  bUu  de  Parrn  or  bUa  de  j 
in  dry  state  it  is  a  copper- coloured  ehining  material,  Dot  exhibiting  gre«n  or  j 
by  reflection,  tlie  characteristic  of  fuchsin  and  aniline  violet     In  order  to  pa 
aniline  blue  it  is  dissolved  in  strong  eulphurie  acid,  and  this  mixture  h*^ftt-'d  to  \ 
for  li  hours.     By  the  addition  of  water  to  tliis  solntion  the  blue  js  pr^ 
modified  and  soluble   fornu  and  is   then  called  bleu  tolithJe.      We   qn 
following  methods  for  preparing  this  blue: — ^Rosaniline   and   aldehyde 
rosaniUue  and  crude  wood -spirit  (E,  Kopp)  ;    rosanihne   and  alkaline  Bolti 
shellac  (Gros-Renaud  and  Schaffer),  this  is  termed  bha  de  Mufhottse  ;  also  by  < 
tion  of  raethylaniline  (J.  Wolff) ;  rosaniline  and  bromated  oil  of  ttirpentiDe  \ 
rosaniline   and    isopropyl  iodide    (Waiiklyn) :    rosaniline    and   ethylen  io 
bromide  {M.  Vogel)  ;   rosaniline  and  iodide  and  bromide  of  aceton   ^Smltl 
berg).      The  conversion  of  hydrochlorate  of  rosaniline  (fuchsin)   hf  lia 
aniline  oil  into  aniline  bhie  is  elucidated  by  the  following  formula ; — 

Bosamline  sivit.     Aniline. 


Aniline  blue. 


Anii&onia* 


C6H4) 


The  auihae  blue  thus  prepared  ia  rosaniline,  2C7H6 1^  Nj,  in  whidi  3  aiQaii<lf| 

hydrogen  have  been  substituted  by  3  atoms  of  phenyl,  CsH^ ;   or,  in  otbcT 
this  aniline  blue  is  triphenyl -rosaniline,  the  hydrochlomle  of  which  ia — CjiH^ 
When  a  salt  of  rosaniline   ia  heated   with   toluidine,  the  toluidine    blue    (ti 
rosaniline],  C^JIjyN^  =  C^ii^i^iCjJi-y)^^^.    When  aniline  blue  is  heated,  the  \ 
of  the  dry  «listillation  contain  diphenylaniine,  CuHnN^a  white  crystalline  1 
whicii  when  moistened  with  nitric  acid  jields  a  magnificent  blue  colotur,     I>i|tl 
amine  and  its  homulogue  phenyl-tolykmin,  Cj^HjjN,  which  yields  by  Ars  UirtJi^ ' 
tion  bleuine,  0391133X3,  are  employed  for  the  preparation  of  blue  pigment* 
W-  Hofmaim  found  that  when  rosaniline  is  heated  for  a  consitlerable  len^  ^  j 
with  ioflitle  of  pfhyl  or  iodide  of  amyl,  the  result  is  that  the    t 
amyhUcd   product   (lrietJ»yl-rosnmline«  or   tri  amy  I -rosaniline),   yi      1  hoe  < 

fiodine  Iduei,     Naphtliyl  aUo  iniiy  be  intioduced  into  fuohsbi   to  form,  { 
WoUl.  a  brUiiant  blue  colour  iertned  naphthyl  blue.     Under  the  nanitti  aC  * 
lumicn  or  Blt'u  de  nuit,  is  known  a  blue  dye  which  appears  bltt«  in  dmyligkll 
as  iu  artificial  Ught.     A  blue  with  a  violet  hue  is  known  aa  Bhu  d^  Pamw. 

AoiiitMOivMi.       4,  We  are  acquainted  wiUi  two  yarieties  of  tiila  coliMtr,  \ii,  i 
gi-een  and  iodine  green.     The  former,  also  called  emetaUhne,  waa  ilUco»iiad 
by  Cherpin.  chemist  in  M.  Us^be's  Works  at   Saint   Uuen,  and   is  f»b 
treating  a  sulphuric  acid  solution  of  sulphate  of  rosaniline  witH  aldftgrila 
dtiously  heating  this  mixture,  a  deep  green  pigment  is  obtained  wltkb  ovifii 
lljpbnr ',    the  formula  of  this  compjimd  is,  aceiirding  to  I>r.  A.  W.  Hotel 
■H<f^)BtO.     When  required  for  use  hyposulphite  of   soda  k  aJdfd  ill  ( 
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ftpownd  boili'd  therewith  in  water  ;  this  solution  is  used  for  dyping  silk, and  instead 

the  aodasalt  sulphuret  of  RmmmuTirn  or  sulphuretted  hydrogen  may  be  nsedL 

lie  green 'Coloured  materitil  can  be  precipitated  by  a  mixture  of  conmion  salt  and 

gdic  carbonate,  while  a  mixture  of  2  pitrlJi  of  sulphuric  acid  niid  50  to  70  purta  of 

ohol  is  a  solvent  for  this  substJince.     This  aniline  green  ia  especitdly  beautiful 

seen  by  candle-Ught.    The  other  kind  of  auiUiie  green  is  the  socalled  iodine 

en,  discovered  (1S63)  by  Dr,  A.  W.  Hofmann,  a^  a  by-product  of  the  manufacture 

[the  methylated  and  ethylated  rosaniline  violets. 

Iodine  f^een  is  obtained  by  the  following  process : — 1  part  of  acetate  of  rosaniline, 
of  iodide  of  methyl,  itnd  2  of  methylic  alcohol,  are  heated  together  for  several 
tirs  under  a  kigli  pressure,  or  on  llie  small  scale  in  a  sealed  tube.  Wlif^n  the 
Oration  is  finished  the  result  is  a  mixture  of  violet  and  green  pigments  dissolved  in 
ktliylic  alcohol  The  volatile  substances  having  been  driven  off  by  chstillation  the 
Ktare  of  pigments  is  put  into  boiling  water,  wherein  the  green  is  completely 
olved,  while  the  violet  remains  insoluble ;  the  fonner  is  precifjitated  by  a  cold 
ated  solution  of  picric  acid  in  water,  the  ensuing  precipitate— picrate  of  iodine 
II — ia  collected  on  a  filter,  rapidly  wuslied  with  the  smallest  possible  quantity  of 
and  after  ha^^ng  been  partly  dned,  brought  into  commerce  as  a  paste 
I  p^U).     The  crystalline  iodine  green,  free   &om  picric  acid,  has   the  formula 

5.  By  the  preparation  of  the  red-coloured  pigments  from  aniline  oil, 
le  it,  lormed,  as  well  as  fuchsin,  a  resinons  suhstance,  from  whieli  Nicholson 
n«3d  a  brilliant  yellow-coloured  pigment,  tlie  aniUne  yellow,  anilme  orange, 
in,  or  hydrachlorate  of  clirysamliue*  which  dyes  wool  and  silk  brilliantly  yellow, 
ne  is  a  base  of  Uie  formula  C30H17N3.  The  most  interesting  salt  of  this 
18  the  nitrate,  which  is  insoluble  in  water.  The  residue  of  tlie  preparation 
bain  is  treated  with  steam,  and  as  soon  as  a  portion  of  the  base  has  been  dis- 
red,  it  is  precipitated  by  the  aid  of  nitric  acid.  Sehifl"  obtained  aniline  yellow  by 
OiCtion  of  antunonic  acid  or  hydrated  oxide  of  tin  upon  aniline ;  M.  Vogel 
aed  a  yellow  pigment  by  the  action  of  nitrous  acid  upon  an  nlcohohc  solution  of 
iiue.  This  aniline  yellow  has  the  formula,  OaoHi^NsO^;  it  is  soluble  in 
ohol.  not  so  in  water. 

ImXh.  ^'  AniUne  black,  CflH^NOe*  a  deep  aniline  green  formed  by  the 
Ion  of  oxidising  agents  upon  ftuiline  oil.  was  observed  as  early  tis  1843  by  Dr  J, 
Fritzsche,  and  was  formerly  prepared  fiom  tlie  residuesj  of  tlie  prepara- 
'  aniline  violet  with  bichromate  of  potash  ;  but  now  we  obtain  nniline  black  by 
lion  of  chhirate  of  potash  and  chloride  of  copper  upon  hydrochlomte  of 
ae,  as  rect»mmcnded  by  Lightfoot.  A»  has  been  proved  by  CordiUot^  these  two 
leal  reagents  may  be  replaced  by  fenicynnide  of  ammonium  :  or.  according  to 
ath.  by  fresbly  precipitated  sulphuret  of  copper.  According  to  Bolley,  the  last 
aUnce  acts  by  becoming  oxidised  to  sulphate  of  copper,  and  simultaneously 
ying  oxygen  on  to  aniline.  The  black  made  according  to  this  method,  being 
Jnblo  has  to  be  formed  on  the  woven  textile  fabrics  themselves*  and  is  hence  also 
%ed  black  indigo  or  indigo  block.  More  recently,  again,  the  so-called  Lucas  black 
^tenon's  black)  has  been  obtained,  its  most  valuable  property  being  tliat  it  is 
4y  made  black,  which  for  its  full  devt-lopment  only  requires  a  weak  oxidation. 
I  black  fluid  mass  consisting  of  hydrochlorate  of  aniline  and  acetate  of  copper, 
pi^  mixed  with  some  starch  paste  is  printed  on  the  fabrics.     The  black  becomes 
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Dxidisi?d  by  exposure  to  air:    tJie  oxuiation  is  rendered   more   rapid  IfT 
the  fabrics  in  n  room  heated  to  40^    Aniline  black  is  used  b«:»tti  in  Ayt^lfvi 
printing  textile  fitbrics. 

7.  An i Hue  brown  diabana  brown)  is  prepared  according  to  de  Laire  liy  h*; 
mixture  of  uiiiliue  violet  or  aniline  blue  \i'itb  hydrocblorate  of  aniline  to  X4o\  i 
the  mixture  be^'omes  brown -colonred      The  brown  tJiUS  obtained  is  soluble  in  i 
aleohol.  end  aeids.  nnd  can  he  at  once  employed  in  dyeing.     Another  kind  of  1 
hrown  vBismark  brown)  ia  obtained  by  fusing  fnchsin  with  hydrochlorata  of  1 


II.  Carholie  Add  Cohun, 
CMboU«  jicM  dt<^      The  portion  of  heavy  coal-tar  oil  which  distils  over  at  150*  to  : 
consists  chiefly  of  carbobe  acid  iphylic  at! id  phenol).     As  brought  into  comme 
C.  Culvert  and  Co.»  C.  Lowe  and  Co.,  and  a  great  many  other  eminent  firaii  1 
tliis  country  and  abroad,  carbolic  acid  is  a  crj^;*talline  mass  wliich  becomes  i 
reddened  by  exposure  to  air,  fuses  at  34*»  and  boils  at  186°.    It  is  prepared  aco 
id  Laureates  method  by  treatinf^  the  heavy  oils  of  tar  with  alkalies,     Ther^  ari  1 
homologous  phenols  in  tliis  preparation : — 

Carbolic  acid,  C^HftO, 

Cresylio  ucid,  C^HsO, 

PMorylic  acid,  CsHwO. 

Carbolic  acid  is  soluble  in  33  parts  of  water,    Calvert's  carbolic  acid,  I 
colour-works,  ia  prepared  by  cooling  a  mixture  of  the  Laurent  acid  in  wnUr* 
a  hydrate  of  cnrbohc  acid,  CeHejO-f-HjO*  is  separRtvd,  and  by  eUmiuAtianofi 
becomes />Mr<f  carbolic  acid,  which  fuses  at  41-.     While  carbolic  acid  is  veiyl 
used  in  several  degrees  of  purity  for  a  variety  of  purposes  as  an  anti&eptie^ 
fectant,  &c..  more  tbsn  50  per  cent  of  all  the  carlx»hc  acid  manufactared  is  1 
the  purpose  of  preparinjj'  tJie  following  pigments  and  dye  materials  : — 

1.  Picric  acid.  4.  Coralline. 

2.  Hienyl  brown.  5.  Aztilina. 

3.  Gr^nat  soluble. 

little  A«u.      Picric  acid,  triniiro-phenylic  acid,  C6H3<NO,^50,  obtained  by  the  1 
of  nitric  acid  upon  carbolic  acid,  or  belter,  by  trisating  crystallised  phenyl  gulp 
of  sodium  witli  nitric  acid,  is  a  yellow  substance  crystalliiiing  in  foliat<«d  aU 
dillicultly  soluble  iu  cold,  readily  in  hot  water»  and  also  soluble  in  alcohoL 
used  for  dyeing  wool  and  silk  yellow,  and  witli  anUinc  green  uodine  gre«&),  1 
ttad  Berlin  blue,  it  ia  used  for  dyeing  silk  and  wool  green.' 

In  France  auuually  some  80  to  zoo  tons  of  picric  acid  are  prepared^  hat  tlie  1 
used  lor  the  manufacture  of  the  picrate  gunpowder  (see  p.  157).     The  azaUMiilhi  | 
of  the  trinitro-cresylic  acid  is  met  with  in  the  trade  as  Victoria  yellow  a«  «  ( 
material.     When  treated  with  cyanide  of  potassium,  picric  acid  yields  laqpQ 
acid*  while  the  trinitro-cresylic  acid  yields  with  the  same  cyan  it! '  lupiuio  ( 

(V»  Sommaruga) ;  the  potassium  and  ammouium  salts  of  the  ret^j  1  ids  jrieldl 

grenate  brown, 

*  Tt  htks  of  late  become  usnal  to  employ,  instead  of  pure  (non-etplosiTiej  pinrM  itfxd,  ilf 
'^t  uf  that  acid,  under  the  name  of  picric  acid  and  aniline.yellov,    Thii  Um  pmj 
var^f  serious  acddents,  owing  to  the  highly  explosiTS  nature  of  ihe  salt. 
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von.  a.  Phenyl  brown  was  first  prepared  by  Roth  in  1865  by  causing  nitro- 
•olphuric  acid  to  act  upon  carbolic  acid ;  the  resulting  substance,  ph6nicienne  or 
phenyl  brown,  is  an  amorphous  powder,  a  mixture  of  two  pigments,  viz.,  a  yellow, 
according  to  Bolley,  dinitrophenol,  C6H4(NOa)20,  and  a  black-brown  substance 
which  is  similar  to  the  humus  compounds.  Phenyl  bro\vn  is  used  for  dyeing  wool 
•nd  silk. 

osMato  Brown.  3.  Grenat  soluble,  which  has  been  very  recently  introduced  by 
J.  Casthelaz  in  Paris  as  a  substitute  for  orseille,  is  nothing  more  tlian  the  well- 
known  isopurpurate  of  potash,  which  was  first  discovered  by  Hlasiwetz,  and  is 
formed  by  the  action  of  cyanide  of  potassium  upon  a  solution  of  picric  acid  according 
to  the  following  reaction,  as  described  by  Zulkowsky : — 

C6H3(yOa^30-f3KCN-f-2HaO=C8H4KN306+NH3+KC03. 

Picric  add.    Cyanide  of  Isopurparate      Am-  Carbonate 

poiasHium.  of  potash,      monia.  of  potash. 

As  Grenate  brown  when  dry  is  explosive  witli  the  least  friction,  it  is  kept  in  the 
state  of  a  paste,  to  which  some  glycerine  is  added  for  tlie  purpose  of  keeping  it  moist 
ootmiiiiM.  4.  Coralline,  or  pavonine,  a  scarlet  dye  material,  is  formed,  according  to 
Kolbe  and  R.  Schmidt,  by  heating  a  mixture  of  carbolic,  oxalic,  and  sulphuric  acids 
nntil  the  colour  has  been  sufl&cieutly  developed.  When  the  reaction  is  finished  the 
mass  is  washed  with  boiling  water  for  tlie  purpose  of  eliminating  tlie  excess  of  acid. 
The  residue  is  next  dried,  pulverised,  and  submitted  at  150**  to  the  action  of  ammonia. 

The  relation  existing  between  the  rosolic  acid,  discovered  in  tar  by  Runge,  and 
coralline  is  at  present  not  fully  established,  but  according  to  Caro's  researches  these 
■abstances  are  identical.  Rosolic  acid  may  be  fo^ed  from  carbolic  and  cresylio 
Acids  (as  rosaniline  is  from  aniline  and  toluidiue)  according  to  the  following 
lbrmul» : — 

CeHeO  f2CyH80=C2oHi603+3Ha. 

Carbolic     Cresylio       Bosolic 
acid.  acid.  acid. 

AmiiiM.  5.  Azuline  (phenyl  blue).  When  coralline  is  heated  with  aniline  oil  (com- 
mercial aniline)  there  is  obtained,  according  to  J.  Persoz  and  Guinon-Marnas,  a  blue 
pigment,  which  is  termed  azuline,  or  azurine. 

"•^S^SSUSSl""  It  has  been  attempted  to  prepare  pigments  directly  from  nitro- 
,  benzol.  Laurent  and  Castiielaz  state  that  a  red  pigment  is  obtained  by  keeping  a 
mixture  of  12  parts  of  nitro-benzol,  24  parts  of  iron-filings,  and  6  parts  of  hydrochloric 
moid  for  twenty-four  hours  at  the  ordinary  temperature  of  the  air.  There  is  formed 
a  solid  resinous-like  mass,  which  is  first  exliaustcd  with  water  and  the  solution 
precipitated  with  common  salt.  The  pigment  thus  obtained  is  said  to  be  a  substitute 
lor  fuchsin,  and  as  such  capable  of  being  used  as  a  dye  and  for  calico-printing. 

III.  Naphthaline  Pigments, 
vapMiuaiM.     This  material,  CioHs,  was  discovered  in  the  year  1820  by  Garden  in 
poal-tar,  and  was  afterwards  the  subject  of  researches  by  Faraday,  A.  W.  Hofmann, 
M.-  Ballo,  and  others.    According  to  Berthelot  it  may  bo  syntlietically  prepared  by 
jubetituting  for  2  atoms  of  hydrogen  of  the  benzol  2  atoms  of  acetylen  (QHa) : — 
C6H6-2H+2CaHa-hC6H4^CgHg)a=CioH8. 
BenzoL  Acetylen.  Naphthaline. 
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NnphtJiaHne  is  a  crystalline  aubstanoe»  exhibiting  rhomboida  wbea  is  vfiy  < 
acalea.  Its  odour  is  pec  miliar  and  somewhat  similar  to  that  of  storax  ;  it  hnB  a  btmiinf 
taste »  Wiien  cooled,  after  having  been  fiuaed,  it  appears  as  a  wlxite  crjr^talluir  miH 
having  ft  sp,  gr.  =  1*151.  It  fuses  between  79^'  and  So\  and  boils  between  Jx6*  mI 
218".  When  treated  with  nitric  acid,  naphthaline  yields  phthalic  acid»  wliich  wcori- 
ing  to  circnmstaucfiS  and  by  elimination  of  carbonic  acid  may  be  either  oonrctted  ^ 
into  benzol  or  into  benzoic  acid  ;* — 

a,  CsH&04-2C0«=C6H«. 

Pbtbalic  aoid.  BencoL 

Phthiilio  acid. 
There  e:dsts  between  the  derivatives  of  benxol  and  naphthaline  a  great 
wbidi  not  only  extends  to  the  composition  and  reaction,  but  even  to  che 
physical  properties.      The  analogy  of  composition   ie   exJiibited   by  the 
tabulated  form  :■ — 


Benzol  Oiyl"^*!*?  of  phenylK  C^H^. 
NitTO'benzol.  CoHjiNOaf. 
Aniline,  C^Hj'S, 
Ilosaiiiline,  CaaHjgNj. 


N ft phfh aline  (hydride  of  naphthyl)^  i 
Nitro-naplithaline,  CjoHjfNOJ, 
Naphthylamiue,  CjoH^N. 
Base  of  the  naphthaline  red,  C^^Hii^i 


Naphthylamine,  CioHejNj,  the  base  which  corresponds  to  aniline,  is  prepared  ( 
naphthaline  in  exactly  the  same  manner  as  aniline  is  prepared  from  benzc^  by  i 
verting  naphthaline  hy  the  aid  of  njtro*sulpliuric  acid  into  nitro-napUithAline*  1 
is  next  converted  into  naptliylamine  by  Bechtimp's  process   (seep.  574>.     Asi 
by  M,  Bfdlo  (1S70J  Uie  naphtliylamine  may  be  readily  eliminated  from  tli«  ] 
mass,  treated  wiUi  iron  and  acetic  acid,  by  distilhng  it  with  the  aid  of 
Nfiphthykmine  cr>  stallises  in  white  acicular  crystals,  fuses  at   50',  and 
about  jcx)"^.     Its  taste  is  sharp  and  hitter.     It  is  almost  insoluble  in  water, 

Kaphthylaminc  serves  for  tlie  preparation  of  the  following  dyes: — 

1,  Mttrtitis  yellow,  3.  Naphthahne  violet, 

2,  Magdala  red,  4.  NaphUialine  blue. 
Mmjai  Yellow.        I,  This  pigment,  InHter  knowTi  in  England  as  Monrhestcr  yeU<nPvl 

naphthaline  yellow^  Jaune  dor,  is  the  calcium  or  sodium  comi>ound  of  lilnitTO-iui|^ 
thjilinic  iieid  (CioH6(NOa)aO)*  obtained  by  adding  to  a  solution  of  hyl" 
naphthyhiioine  nitrite  of  soda  nntil  nil  the  napththylamine  has  been  v- 
diazouapiithoj.     The  tluid  wliich  contains  diazonaphtliol  is  next  mixed  willii 

•  The  large  qnantitj  of  henzoic  acid  now  eonBUined  in  the  preparation  of  8om« 
tar  eolours,  and  employed  tm  other  Ghc^niico-tecbuical  piirpoRes,  is  no  loTiper 
from  the  henzoin  re»in  (gnm  benzoin,  ns  i*  is  often  termed) ;  but  tin 
either  from  hippuric  arid  prei^ent  in   the  urine  of  horRe«,  or  it   iis  tfl 

naphthaline.     The  uAphth[Lline>li«»n2oic  iicid  miiy  be  prepared  hy  *- 
viz, :  — I.  By   couvertiiig  oftpbthalino  intn  phtbtdic  ivcid,   and    r 
heating  it  with  lime,  into  ben zoate  of  lime,  from  which,  by  the 
aeidf  the  l>en2oic  acid  is  set  free  and  precipitated.     1,  By  ponTeriiiig:  phiimlti 
pbthalimideiCoHtNOj,  and  converting  ibis  substance  by  distilliug  it  with  liinf  in 
nitHle,  C7H5N,  the  latter  by  boiling  with  caustic   Hoda   8olatic»n  ht 
bcnzottte  of  soda,  from  whieh  evolution  the  benzoic  acid  is  set  free  antl 
ddition  of  hydrochloric  acid.     In  the  year  1868  Merx  obtained  from  c.i  i»ijii»j" 
lid,  to  which  the  name  of  napbtoe  iicid  is  given  (formula  C^tHaOj,  a  sab^tita 
^«oic  acid. 
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•eid  and  then  heated  to  the  boiling  point,  the  binitro-naphthylic  acid  is  thrown  down 
in  yellow  aoicular  crystals.  The  conversion  of  naphthylamine  into  binitro-naphthylio 
•aid  (binitro-naphthol)  may  be  elucidated  by  the  following  formula : — 

a.  CxoH9N-hHNO,=2HaO+CxoH6Na. 

Naphthylamine.  DiazonaphthoL 

a.  CxoH6Na+2HN03  «  gN+HaO+C,oH6(NOa)aO. 
DiazonaphthoL  Binitro-naphthylic  acid, 

Aa  proved  by  M.  Ballo,  the  latter  acid  may  be  directly  formed  by  the  action  of 
nitric  acid  upon  naplithylamine.  Manchester  yellow  imparts  directly  to  wool  and 
silk,  without  the  intervention  of  any  mordant,  yellow  hues,  which  may  be  made 
to  differ  in  depth  of  colour  from  lemon-yellow  to  deep  golden-yellow,  i  kilo,  of  the 
diy  calcium  or  sodium  compound  dyes  200  kilos,  of  wool  brilliantly  yellow.  While 
pieri«  acid  dye  is  volatilised  by  steam,  the  Manchester  yellow  perfectly  admits  of  the 
operation  of  steaming.  In  this  country  this  dye  material  is  frequently  employed 
for  the  purpose  of  modifying  tlie  hue  of  magenta. 

ifafdau  Bad.      2.  This  pigment,  naphthaline  red,  CjoHaxNj,  was  discovered  in  1867 

by  Von  Schlendl  at  Vienna,  and  has  been  the  subject  of  researches  by  Durand, 

Ch.  Kesbier,  Dr.  A.  W.  Hofmann.  and  others.    It  is  generated  from  naphtliylamine 

by  the  elimination  of  3  molecules  of  hydrogen  from  3  molecules  of  the  base : — 

3C,oHgN-3Ha=C3oHaiN3. 

Naphthylamine.         Magdala  red. 

On  the  large  scale  the  preparation  of  Magdala  red  is  effected  in  two  stages.  In 
the  first  the  naphthylamine  is  converted  into  azodinaphthyl-diamine  by  the  action  of 
nitroufl  acid : — 

a.   2CroH9N+HNOa  =  2HaO-fCaoHx3N3. 

» , /      > , ' 

Naphthylamine.      Azodinaphthyl-diamine. 

In  the  ieeond  stage  tlie  azodinaplithyl-diamine  is  treated  with  naphthylamine,  the 
result  being  the  formation  of  Magdala  red. 

/3.  CaoH,sN3+CioH9N  =  CaoHa,N3+NH3. 

Azodi-       Naphthyl-     Magdala 
naphthyl-diamine.  amine.  red. 

The  Magdala  red  of  commerce,  a  black-brown,  somewhat  crystalline  powder,  is  the 
chloride  of  a  base  of  the  composition  described.  As  regards  tinctorial  powder  Mag- 
dala red  is  not  less  valuable  than  fuchsin,  while  it  surpasses  the  latter  in  being  a 
▼ery  fast  colour.  When  treated  with  iodide  of  methyl  and  iodide  of  ethyl,  naphtha- 
line red  yields  violet  and  blue-coloured  derivatives. 

'S!^2l5i«^v"JiIf.*  3  *^^  4-  Violet  and  blue  naphthaline  pigments  may  be  prepared 
in  various  ways;  for  instance,  by  phenylising  naphthylising,  methylising,  or 
ethylising  Magdala  red;  also  by  treating  naphthylamine  willi  mercuric  nitrate 
(Wilder),  by  substituting  for  hydrogen  in  aniline  and  toluidine  the  radical  naphtliyl, 
C10H7.  J.  Wolflf,  as  early  as  1867,  obtained  a  very  brilliant  naphthyl  blue  in 
this  manner ;  again,  from  rosaniline  and  mono-bromnaphthaline,  and  from  rosaniline 
and  naphthylamine  (M.  Ballo).  Very  recently  Blumer-Zweifel  as  well  as  Kiel- 
meyer  have  produced  naphtliylamine  violet  on  cotton  and  linen  fabrics,  by  treating 
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naphthyl amine  while  present  on  the  woven  tififines  with  chloride  of  oopper,  i 

of  potash,  and,  in  fact,  all  such  reagents  as  may  be  employed  for  ike  prodiiebo&  rf 

aniline  black*  (see  p,  579). 

IV.  Anthractn  PigmenU, 
Anthnoen  Ptflmiati.       Antliracen  (para- nap ttthEiline,  photen),  Ct^Hio,  ia  preaeni  in 
tar  to  an  amount  of  o  75  to  vq  per  cent,  and  waa  discovered  bj  J,  Dumas  in  iSj 
while  in  1869  it  was  first  employed  by  Graebe  and  Liebermann  for  the 
of  obtaining  anthracen  red  or  artificial  alizarin.    Anthracen  occurs  in  that 
of  the  products  of  the  distillation  of  coal-tar  which  being  rather  thirk  are 
in  this    country  bj  the    designation    of  gretn  grtoie,   and,   as    such,    aaed  ti  ■ 
coarse    lubricating    material.    The    green    grease    consistB    of   heav}-    oils, 
naphtlialine,  and  about  20  per    cent    of   anthracen.      By  means   of   the  li| 
extractor,  and  by  aubmilting  tlie  raw  material   to   strong  pressure,   crude  k 
taining  60  per  cent  pure)  anthracen  is  obtiiined.    This  raw  material  iBpuril3<41 
being  treated  with  benxoltne  (petroleum  spirit),  aided  by  heat,   and  again 
by  tlie  centrifugal  macMnc,  fusion,  and  subHmation,  tliese  operations  resaltingsll 
in  the  produeLiou  of  pure  anthracen.     This  substance  tlien  appears  as  small 
crystals,  white,  void  of  odour,  fusing  at  215*,  and  subliming  at  a  liigher  tcmj 
without  decomposition.     This  body  is  sparingly  soluble  in  alcohol  and  benzol. 
readily  in  sulphide  of  carbon.    With  picric  acid  it  yields  a  compound  exhi; 
red  cryslftis;   while  under  the  influence  of  oxidising  agents  it  is   con 
anthrachinon  loxantliracen,  oxyphoten),  Ci^HsOj,  which  in  its  torn  is  conTerlcd  ltj 
alizarine,  C14H8O4,  by  a  circuitous  process. 

According  to  the  original  method  of  preparing  alizarine,  tJbe  antlua/cyM^ 
Gj^HaO^,  obtained  from  anthracen  by  the  action  of  oxidising  agents,  such  nA  ttiftai 
acid,  was  first  converted  into  bibroraide  of  anthrachinon,  Ci4H6BraO».  by  timlai^ 
aiitliraehinon  with  bromine,  and  tliis  bromated  compound  was  further  treflitsd  dtkr 
with  caustic  pi>tash  or  caustic  soda  at  a  temperature  of  180*  to  200',  the  bibnmuVli"^ 
antlirachiiion  heetmiing  converted  into  alizarine  potassium  (or  alizarine  sodjut 
if  caustic  soda  has  been  used],  from  which  tlie  alizarine  is  set  free  by  the  a4diti<»ti^ 
hydrochloric  acid : — 

a.  C^gBrjO^+KOH  =  Ci4H6K204+2BrK+2HtO, 

Bibromide  of 
Anthrachinon. 

j3.  Ci»H6K,04H-2Cm  =  Cx4He04+2ClK 

Alizarine. 

Alizarine  is  now  prepared  from  anthrachinon  by  treatment  at  a  temptratilft  d 
26u'  with  concentrattd  sulphuric  acid  of  1-84  sp,  gr.,  the  antbiachinoo  bcw| 
converted  into  asulphoacid;  this  acid  is  next  neutralised  with  carbonate  of  Ume,  the 
fluid  decfuited  from  tlie  deposited  gypaum,  and  carbonnte  of  potu&h  added  to  it  for  tk 

•  It  is  evident  that  by  combining  suitable  auiliue.  naphthvl,  and  cetyl  comp<»atkd^ tW 
greatest  Yariety  of  blue  iDd  violet  pigments  may  be  prepared.  The  foUowina  ll« 
pigments  were  obtained  in  the  summer  of  1867,  these  researches  bfting  undert4ikwm«0l> 
sequence  of  the  results  obtamed  by  J.  Wolff  in  the  sama  direcUon.  i,  Fci^hitB  aal 
bromide  of  naphtbyb  2,  Fuehsin  and  cety)  bromide.  3.  Naphlbyliimine.  fuchiui,  iiii 
amline  oil,  4.  Cetylamine,  fnehsin,  and  amJine  oil.  5.  Kaphtbyiamine,  tuehfitii,  M«l 
vttylamine,    6.  Cetylamine»  fuohsin,  and  uiiphthyUmine. 
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purpose  of  precipitating  all  Uie  lime.  The  clear  liquid  is  then  evaporated  to 
dryness,  the  resulting  saline  mass  is  converted  into  alizarine-potassium  by  heating  it 
T^ith  caustic  potash.  From  the  alizarine-potassium  thus  obtained  the  alizarine  is  set 
firee  by  the  aid  of  hydrocliloric  acid.  According  to  another  method,  the  preparation 
of  anthrachinon  is  avoided,  and  anthracen  employed  directly,  by  first  converting  it — 
by  the  aid  of  sulphuric  acid  and  the  application  of  heat — into  anthracen  sulpho- 
acid,  Ca8Hi8SH403.  After  having  been  diluted  with  water,  the  solution  of  this  acid 
18  treated  with  oxidising  agents  (peroxides  of  manganese,  lead,  chromic  acid,  nitric 
acid),  and  the  acid  fluid  is  next  neutralised  with  carbonate  of  lime.  When  peroxide 
of  manganese  has  been  used  the  manganese  is  also  precipitated  as  oxide.  The 
oxidised  sulpho-acid  having  been  previously  converted  into  a  potassium  salt,  the 
latter  is  heated  with  caustic  potash,  alizarine-potassium  being  obtained. 

There  is  no  doubt  that  anthracen  may  be  converted  into  alizarine  by  other  means ; 
and  it  is  very  likely  that  from  other  hydrocarbons  (benzol,  toluol,  naphthalin)  present 
in  coal-tar,  anthracen  and  anthracen  red  may  be  obtained. 

The  industrial  manufacture  of  artificial  alizarine,  carried  on  in  the  first  place  by 
the  inventors  of  tliis  process — Graebe  and  Liebermann ;  and  taken  up  by  J.  Gessert, 
at  Elberfeld ;  Bronner  and  Gutzkow,  at  Frankfort-on-Maine ;  Briining,  at  Hochst 
(near  Wiesbaden) ;  Greiif,  at  Cologne ;  and  by  Perkin,  in  London — is  one  of  the 
Incightest  pages  in  the  history  of  chemical  technology.  Although  for  the  present 
anthracen  red  cannot  compete  with  madder,  it  will,  in  all  probability,  become  in 
a  yeiy  great  measure  a  substitute  for  that  dye-stuff  and  garancine. 

V.  Pigments  from  Cinchonine, 
oachoBtM  Pigmento.  The  preparation  of  pigments  from  cinchonine — ^an  almost  waste 
l»y-product  of  the  manufacture  of  quinine  on  the  large  scale — may  be  conveniently 
oonaidered  as  an  appendix  to  the  coal-tar  colours.  Cinchonine  is  submitted  to 
distillation  with  hydrate  of  soda  in  excess,  the  resulting  product  being  about 
65  per  cent  crude  chinoline  (chinoline  oil),  a  mixture  of  the  three  following  homo- 
logous bases : — 

Chinoline    ■ CgH^N. 

Lepidine      CxoHgN. 

Kryptidine  or  dispoline     CnHixN. 

Liepidine  is  the  chief  constituent  of  this  mixture. 

When  chinoline  oil  is  heated  with  iodide  of  amyl  the  result  is  the  formation 
of  amyl-lepidin-iodidc,  which  on  being  treated  with  caustic  soda  solution,  yields  a 
very  brilliant  blue  pigment — cyanine,  lepidine  blue,  or  chinoline  blue,  C30H39N2I.  This 
Bubstance  is  a  crystalline  compound,  exhibiting  a  metallic  green  gloss  and  golden 
yellow  hue ;  it  is  difficultly  soluble  in  water,  readily  in  alcohol.  The  formation  of 
cyanine  may  be  elucidated  by  the  following  formulae : — 

a.  CoHqN+CsH,,!  =  C15H20NI. 

Lepidine.    Iodide  of  Amyl-lepidin- 
AmyL  iodide. 

p.  2C,5HaoNI+NaOH  =  CaoHsgNal+Cal+HaO. 

Amyl-lepidin-  Cyanine 

iodide. 
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Bed  Pigments  occurriHg  in  PlanU  and  AnrnutU, 

^^  'Jiiijiii?'^'***^  Madder  is  the  root  of  the  Ruhm  tinclornm,  a  p^rennii 
cultivaU'd  in  SouOiirn,  Central,  and  Western  Europe  ;  while  in  the  Le^ 
E.  percfjriryi,  and  in  tlie  East  Indies  and  Japan  the  H.  munrjijiia  (maQg#«ti. 
are  purUy  cultivated,  partly  met  witli  in  the  wild  state.  According  to  tlie  res 
made  in  England,  the  dje  imported  under  the  name  of  mungeet  from  Ind 
not  the  root,  btit  the  reedy  stem  of  u  species  of  Buhia,  and  as  a  dye  it  is  inferior. 
native  country  of  thc^  madder  plant  is  the  Caucasua,  All  these  plants  are  peri 
The  root  varies  in  length  from  lo  lo  25  centims. ;  it  is  not  much  gnarled,  and  w" 
generally  a  httle  tlu(?kf'r  than  the  quill  of  a  pen.  Externally  the  root  is  covered  wiik 
a  brown  bark  ;  internally  it  exhibits  a  jellow-red  oolour.  Madder  is  met  with  in  tk* 
trade  in  the  root  iteclmically  racine  if  European^  and  in  powder  exhibittng  i 
red-yellow  colour,  and  possessing  a  peculiar  odour.  Avignon  madder,  bowerer*  bi 
liardly  any  amell  at  all ;  but  the  odour  is  particularly  marked  in  Zeclaud.  or  scxalM 
Holliiud,  madder.  The  powdered  madder  is  always  kept  in  strong  oaken  caa1cai,io 
as  to  exclude  air  and  light.  The  best  kind  of  madder  is  tViat  grown  in  tk 
Levant  (Smyrna  and  Cyprus),  and  met  with  in  the  trade  under  the  mane  of  Usarij^ 
alizari,  in  roots  which  are  usually  rather  thicker  than  the  roots  of  the  Eu 
varieties,  owing  partly  to  tlie  fact  that  the  Levant  madder  is  generally  of  four  to  1 
years'  growth,  while  in  Europe  tlie  roots  are  of  two  to  three  years'  gntwlh 
Dutch  madder,  chi*  lly  grown  in  the  province  of  Iceland .  is  met  witJi  decortio 
{rohi),  the  outer  bark  and  sometimes  the  splint  bark  having  been  removed  'thp 
dried  roots  are  broken  up  by  means  of  wooden  stampers  moved  hy  m 
reduce  the  bark  and  splint  bark  to  powder,  wliile  tfie  very  hard  internal  1 
the  root  is  left  untouched,  this  being  separated  from  the  powder  by  means  ol 
The  powder  is  put  into  casks  and  termed  heroofde.  During  the  la&t  ten  or 
years,  the  old  madder  sheds  (meeMtoven)  in  Zeeland  have  been  superseded  \ 
manufactories,  in  which  the  madder  root  is  treated  as  it  is  in  the  Vaucluae  ( I 
and  gi'ound  up  entirt^ly,  so  that  the  former  distinct  qualities  of  madder  are  H" 
met  with.  "When  the  whole  root  is  pulverised  tlie  madder  is  termed  onltero"! 
rohi.  Besides  tlie  Dulch  madder*  tliat  from  Alsace  and  from  the  Vnu. 
Avignon,  occur  very  largely  in  the  trade.  What  is  known  as  mull  madder  Is  | 
refuse  and  dust  from  the  lloors  of  the  works,  and  is  the  worst  quality.  In  add 
colouring  matter,  madder  contains  a  large  quantity  of  sugar,  uf  wldeb  W.  St«ifi(ti 
found  as  much  as  8  per  cent.  While  it  was  fonnerly  considered  tliat  Jdi 
contained  no  less  than  five  different  colouring  substances,  it  appears  from 
researches  that  this  root  in  fresh  state  only  contains  two  pigments*  xvt,  rttW- 
rythrinic  acid  (formerly  termed  xanthin),  and  purpurine.  According  U*  Dr.  Hocb 
the  former  of  tliese  is  converted  under  the  influence  of  a  peculiar  tat 
substjmcc  present  in  tlie  madder  root  into  alizarine — 'the  essential  oolotiring  ] 
madder — and  into  sugur : — 

BuberTthrinio    Alizarine.        Sugar, 
aeid. 

According  to  the  researches  of  Ora^be  and  Liebermann,  alizarine  is  a  dcrinlil* 

from  antliracen,  C,^lI,o.  tlie  formula  of  the  former  being  O14H8O1.    As  already  mflB* 

tioued  (see  p.  565),  Graebe  and  Liebermann  have  succeeded  in  converting  antlirBea 
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zarine  (iS6g).  Ali2ariBe  is  yellow,  but  becomea  red  tmdef  the  influence  of 
and  alkaline  earths.  Madder  coutaina  a  red  pigment,  purpurinei  or 
eine,  Gi^H^O^,  wliiclt  by  itfielf,  aa  well  as  in  combination  with  alizarine,  yields 
I  dye. 

We  understand  by  this  terXD  a  combination  of  alizarine  and  purpurine 
Dlouriiig  matter  of  madder)  with  basic  alumina  siihs,  M udder  lake  is  prepared 
|st  wnsliing  tniitklur  uitli  water,  distilled  or  at  least  free  from  lime  salts, 
fext  exhausting  the  dye-HtulT  with  a  solution  of  alum,  the  liquor  thub  obtained 
I  precipitated  with  carbonate  of  soda  or  borast.  TJie  bulky  precipitate  having 
kollecled  ou  a  fiher  is  ihoruU;;j;hly  washed  and  dried. 

pBMMitAitei,  The  prt'pimititni  luadi'  from  madder  on  the  large  scale  and  known 
I  trade  as  ilowers  of  madder  ijit'ur  J^  gantnct?),  is  obtained  from  the  pulverised 
llr  by  steeping  it  in  water^  inducing  fermentation  of  llie  sugar  contained  in  it, 

tfxt  tljori*ugUly  wtishing  iJie  residue,  first  with  warm,  next  witli  cold  water.  The 
e  after  subjection  to  hydrauhc  press uie  to  remove  tlie  Avater,  is  dried  at  a  gentle 
|and  having  been  pulverined  again  is  used  in  the  same  manner  as  madder  for 
Ig  purjjosts*  Tlie  operatii^n  of  dyeing  witli  the  flowers  of  madder  requires  a 
Qevated  temperature  of  the  contt^nia  of  the  dye-beck.  It  would  appear  that  by 
teparfltiou  of  llie  llowers  of  miidder  the  peeiine  substances  of  the  root  are 
oated  wliich  otherwise  become  insoluble  durnig  the  operation  of  dyeing. 
!  When  HuutTs  of  umcider  are  treated  with  bailing  metliyiic  alcohol  (wood- 
jf  Ute  solution  obtained  tittered,  and  water  added  to  the  tillrate,  a  copious  yellow 
aitttt^  is  obtained,  which  having  bi;en  w  ashed  with  water  and  dried  constitutes 
uterial  known  as  azale  (from  az*ila,  Arabian  for  madderj,  which  lias  been 
Bled  for  use  as  a  dye  material  in  France^  I'robably  this  substance  is  cruda 
ne  ;  as  obtained  from  madder  or  gurancine  it  is  met  with  in  the  trade  sometimes 
•  the  name  of  IlncofliuCf  Jiaving  been  tiist  discovered  and  prepared  by  ^Ir. 
0,  at  Manchester, 

This  preparation  of  madder  contains  the  colouring  principles  of  the  root 
concentrated,  pure,  and  more  readily  exhaustible  state.  In  order  to 
"garaucine,  madder  (genemUy  this  tt*rm  is  given  to  the  pulverised  root)  is 
lioistened  uniforndy  with  water,  and  next  there  is  added  4  part  of  sulphurio 
Fdiluted  with  i  x>ail  of  water.  This  mixture  is  heated  by  means  of  steam 
out  loo**  for  one  hour,  and  the  magma  tlien  thorouglily  washed  with  water 
!  purpose  of  eliminating  all  tlie  acid.  This  having  been  done  the  garancine 
ouitted  to  hydrrtulic  pressure  for  the  purpose  of  getting  rid  of  the  greater  part 
water,  after  whicli  the  material  is  dried  and  lastly  ground  to  a  very  fine 
|r.  By  the  action  of  the  sulphuric  acid,  some  of  the  substances  contaiued 
dder  and  more  or  less  interfering  with  iUs  appUcatiou  as  a  dye,  are  eliminated 
i  washing  of  the  garancuie,  while  the  colouring  matter  remains  mixed  with  tho 
carboniaed  organic  substances.  As  regards  its  linctorial  value  i  part  of 
tie  may  be  taken  as  equal  to  3  to  4  parts  of  madder.  As  madder  when 
yed  in  dyeing  does  not  become  quite  exhausted,  the  fluids  of  the  dyebcck  are 
strained  from  the  solid  residue,  and  tliis  is  treated  with  Jialf  of  its  weight 
phuric  acid.  The  mass  is  next  treated  as  has  been  described  under  Garancine, 
pnstitutes  after  drying  wlmt  is  knosvn  as  garancmx,  being  used  generally  for  the 
don  of  what  are  tenned  md  colours  (black,  deep  brown*  lilac),  Aa  a  matter  of 
)  garanceux  is  of  less  tiuclorial  value  than  garancine* 
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rrescardves  of  H,  Wetdel  (T85g)»  sftndal  wood  contnins  a  colourlrss  Inidv,  santfJ, 
I  CaHftOj,  whicfi  lippt^ars  to  be  converied  by  oxidatitjii  into  suntidine.  SftJidal  wood  ia 
I  Used  for  the  preparation  of  coloured  lakes,  coloured  furniture  polish,  for  dyeing  \vi»ol 
iVrowii.  dyeing  leatlier  red,  as  n  pigment  io  toolb  powders^  &c.  The  Bame  pignient  is 
Ifoiuid  in  bjirwttod,  derived  frooi  Btiphui  nititla,  an  African  tree;  tliia  wood  is  saitl  to 
Icontiiin  no  It^ss  tlian  23  per  cent  of  santaliue,  while  etuidal  wood  only  contains 
1 16  per  cent  of  this  substance, 

I  fiaflnwcT.  The  drug  to  wliicii  this  name  is  given  consists  of  tbe  dried  petaU  of  tlie 
MaweiB  of  tlie  Carthumm  tinvtoruts,  a  thistle  like  plant  belonging  to  tbe  family  of  the 
\S}fnanthere<t,  a  native  of  India,  and  cultivated  in  Egypt,  the  soutliern  parts  of 
iBurape,  and  also  to  some  extent  in  parta  of  Germany.  Safflower  contains  a  red 
■matter,  cartlmmine,  insoluble  in  water,  &nd  also  a  yellow  substance  soluble  in 
Ithat  liijnid,  Tbe  quality  of  this  drug  ia  better  according  to  \i^  greater  purity  from 
I  xnecbanii^i!  admixtures,  such  as  seeds,  leaves  of  tbe  plant,  Carthamiue,  Ci^HieO^,  or 
I  Jiougt!  v^gital,  is  prepared  in  the  following  manner : — The  safllower  ia  exhausted 
I  with  a  very  weak  solution  of  carbonate  of  soda,  and  in  this  fluid  strips  of  cotton- 
I  wool  nre  dipped,  after  which  the  strips  are  imroersed  in  vinej^jar  or  very  dilute 
liulphuric  acid  for  the  purjwso  of  neutralising  the  alkali.  The  red-dyed  cotton  strips 
nre  next  washed  in  a  wenk  solution  of  carbonate  of  soda,  and  the  solution  thus 
obtained  is  precipitated  with  an  acid  ;  the  carthamine  thrown  down  is  first  carefully 
■  ivasbed,  and  next  placed  on  porcelain  plates  for  tbe  purpose  of  becoming  dry. 
■Astliumine  when  seen  in  thin  films  exhibits  a  gold-green  hue,  while  when  seen 
HBliliat  the  hght  the  colour  is  red.  When  carthamine  has  been  repeatedly  dissolved 
llmd  preci]>itated  it  is  terined  safflower-caTinine.  Mixed  with  French  chalk  (a 
kilicate  of  magnesia),  carthamine  is  uaed  as  a  face  powder.  Saftiower  ia  used  for 
■dyeing  silk,  but  the  red  colour  imparted  is^  although  hrilliant,  very  fugitive, 
HVMgtti^  orCociuxiMtt  This  substance  ia  the  female  insect  of  the  CoiX'us  cavti,  found  on 
^HBp  species  of  cacti,  more  especially  on  the  Nopal  plant  and  the  Owtuif  oputttin. 
pfila  insect  and  the  plants  it  feeds  on  are  purposely  cultivated  in  Mexico,  Central 
MAerica,  Java,  Algeria,  the  Cape,  &c.  The  male  insectj  of  no  value  hs  a  dye 
^^■erial,  is  winged,  tbe  female  wingless.  The  female  insects  are  coUected  twice 
HPTefir  after  tliey  have  been  fecundated  and  have  laid  eggs  for  the  reproduction 
lof  young,  and  are  killed  either  by  tlie  aid  of  the  vapours  of  boiling  water  or  more 
IlLsuaUy  by  tlie  heat  of  a  baker's  oven.  Two  varieties  of  corliineal  are  known  in 
lioommerce,  viz.,  the  tine  cocbiueal  or  mt'^tica,  chielly  gathered  in  the  district  of 
pieatek,  a  province  of  Honduras,  on  the  Nopitl  plants  there  cultivated;  and  the  wild 
|pochii4eal,  gtithered  from  cactus  plants  which  grow  in  the  wild  state,  T\m  latter 
■Variety  is  of  inferior  quality.  Ccjchineal  appeara  as  small  deep  brown  red  grains,  at 
Wthe  lower  and  somewhat  flattened  side  of  which  tlie  structure  of  the  insects  is  some- 
■what  disceniible.  Sometimes  the  dried  insect  is  covered  with  a  white  dust, 
pjut  frequently  ihe  material  is  met  vriili  exlii biting  a  glossy  appearance  and 
llilack  CA^dour,  The  white  dust,  VQvy  frequently  fraudulently  imparted  by  placing  Oie 
Igrain  witli  French  chalk  or  white-lead  in  a  bag.  is  according  to  the  results  of 
puicroscopical  investigation,  tlie  excrement  of  the  insect,  exhibiting  when  seen  under 
Rbe  microscope  tlie  shape  of  curved  cyhndera  of  very  uniform  diameter  and  a  white 
leolour.  Cochineal  contains  a  peculiar  kind  of  acid— camiinic  acid — which,  by  the 
Liction  of  very  dilute  sulphuric  aeid  and  other  reagents,  is  split  up  into  earmine^red 
NOttrmine) — also  present  in  the  insect,  together  with  the  acid — and  into  dextrose : — 
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What  18  coromonly  tenued  carmiucs  is  prepared  by  exh  an  sting  tlie  oochineal  \ 
boUiiig  water;  to  the  decanted  clear  fluid  alum  i«  added*  after  which  it  ii  j 
Btanding.     By  annlhcr  method  carmine  \s  prepared  by  exhausting  tlie  pair 
cochineal    with   a   solution   of  carbonate   of  soda,  wliite  of  egg   is   next   added  \ 
this  solution  for  the  purpose  of  clarifying  it,  and  afterguards  the  solutioti  ia  predp^ 
tated  with  an  acid.     The  washed  precipitate  is  next  dried  at  30*.     So 
a  finer  and  better  kind  of  carmine  is  obtained,  but  the  common  camiiiii*- 
lac  and  round  lac — is  prepared  by  treating  an  aluminous  solution  of  ooebiti«ft|  ' 
carbonate  of  soda ;  the  larger  the  quantity  of  alumina  contained  in  these  prep 
the  coarser  tlte  quahty. 

i-«  i*T*-      This  dye-stiiif  is  obtained  from  a  resinous  substance,  stick  or  grain  1 
or  gnra  resin,  and  is  derived  from  a  variety  of  the  cochineal  insect  in  the  folloi 
manner : — Tlie  Omru^  tavvii',  a  native  of  India,  pierces  the  branches  of  certjun  1 
of  fig-trees  from  which  a  milk>'  juice  exudes,  wliich,  while  becoming  insp 
encloses  tlie  insects  and  at  last  forma  a  hard  resinous  mass  tinged  with  the  dy 
contained  in  tlie  insects.    This  pigment  is  extracted  from  the  resinoua  matticl 
means  of  a  solution  of  carbonate  of  aodn,  and  the  solutiou  obtained  is  precipti 
alum  solution.     The  lac  dye  is  not  very  diflerent  from  cochineal.     The  dye  ; 
contained  in  kermes  {Cfjvcu*  Hicijf},  Coeetu  poio/ticwt,  and  Coecun  fnffee  are  1 
that  contained  in  cochineal,  but  are  now  quite  obsolete  :  even  cochineal  is  ht  I 
tised  since  the  coal  tar  colours  have  been  introduced, 

omuiAiutPefiio.  By  orchil,  persio,  and  cudbear,  we  designate  red  dye-stuffj*  wliidid 
met  with  in  commerce  in  pasty  masses.  Orchil  is  prepared  from  several  kindj] 
sea-weed,  Rocvelia  (invtoruij  /?♦  fttviformk^  H,  Jlontagnet,  Vtneit  barl^tu^  Ud 
Jhriday  Lecanora  pan'ila,  Vnteolaria  Mcrupota,  liamalimt  ctiUceiri*,  G^r 
puMtulatay  and  others,  which  having  been  well  dried,  ai'c  first  ground 
yery  fine  powder.  Tlita  is  mixed  willi  urine  and  left  to  enter  into  putrefi 
fermentation.  The  carbonate  of  auimonia  formed  by  the  decay  of  the  urine  acnn^ 
upon  die  peculiar  acids— iecanoric,  alpha  and  beta  orcellic,  erythrinic,  gyrophom, 
evemic,  usninic,  &c. — contained  in  these  sea-weeds  converts  these  non-uit. 
aubstances  into  orciue,  C^HgOj,  this  reaction  being  accompanied  by  the  elin 
of  water,  and  usually  also  with  the  elijnination  of  carbonic  acid.  Bj'  taking  \ 
nitrogen  and  oxygen  orciue  is  converted  into  orceine,  CyHjNOj,  constitutiiig  ( 
essential  colouring  matter  of  orchil  This  substance  appears  as  a  red  piiste. 
biting  a  peculiar  violet  odour  (rio/<i  odoratit)  and  an  alkaline  taste.  Before  the  < 
tar  colours  were  discovered,  this  dye  material  was  prepared  chielly  in  England 
France,  Irum  weeds  imported  from  the  Canarj^  Islauds,  or  collected  on  Uie  l'yr«n 
and  imported  from  Lima  and  Valparuiso.  Peraio,  cudbear,  or  red  indigo,  is  tnd 
tlie  same  kind  of  product  as  orchil ;  tlie  former  was  formerly  prepared  in 
from  seaweeds  found  en  the  cottst.  At  a  later  period  it  was  made  in  large  qu 
in  Germany,  iu  France,  and  In  England.  Persio  was  a  red-violet  powder- 
ten  years  ago  two  preparations  of  orchil  were  brought  into  commerce  under  1 
names  of  orehLl  carmiue  and  orchil  purple  {jiourjtn*  Franqau).  These  substj 
contained  tlie  orchil  dyes  in  a  very  pure  condition,     Since  the  tiir-eolouia  iiavvj 
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[leir  appearance,  tlie  djes  obtttined  from  the  sea-weedd,  very  beautiful  but  very 
Jperisbablo  c<ilonr8i  bave  in  a  great  meaaure  become  obtiolete. 

» imih^m^t  Erd  t>yM-  Amaiig  the  less  important  red  dyes  iioii  eolatinng  matters  are  the 
net  r(»ot  \Ahchuia  tinctoria) ;  dragon's  blood*  a  red- coloured  rvain  from  Dracaena 
Uraco :  harmnla  red  from  the  seeds  of  iho  Prfjanum  Harmala,  a  plant  growing  in  the 
Steppes  of  Eti<^Ei:ia;  Cbica  red*  or  carajurri,  from  the  leavea  of  the  Bifinoftia  ckiea^  a  tree 
TOwing  in  VenezueU  ;  purple-{?iiruiiiie,  or  murexide.  obtained  from  uric  acid  by  treating 
;  with  oxidiBing  substantjea  (nitric  acid  for  inutance)  and  next  with  ammonia. 


Blue  Djfe  Materials, 

^*'"  ^S*^il{*^*'**^       Indigo  13  the  chief  blue  dye.     Although  Itnown  to  the  Bomanfl  and  ' 

FOreek»«  who  used  it  for  painting  purposes,  it  was  not  iis«*d  as  a  dye  staff  in  Europe 

[  until  about  the  middle  of  the  sixteenth  century,     Incb^'o  is  a  substance  which  ia 

^videlj  disptTsed  in  the  vegetable  kingdom.     It  is  found  in  lajge  quantity  in  the 

aves  of  several  species  of  the  anil  planta,  Indigo/era^  belonging  to  the  family  of  the 

^tipilioimcete .     Indigo  is  also  met  witii  in  woad.  laatU  tinctorifi.  Nariam  tinetorium, 

^Mi*rxderiia  tiftlHorUi,  Pohjtjonum  tinrtonttm^  A»depiat  t'uujma,  &c.     The  indigo  is  not 

aet  with  in  the  plants  ready  formed^  but  is  generated  when  tlie  freshly-presaed  juice 

pf  the  plant  ia  exposed  to  the  action  of  the  atn^osphere. 

According  to  the  reaults  of  a  series  of  experiraenta,  it  appears  that  in  the  living 

at  tlie  colourless  pigment  is  present  in  combiniition  with  a  base,   lime  or  an 

Dr.  Schunck  states  that  the  indigo  plant  eontains  a  material  which  he  haa 

ermed  indican,  which  either  by  fermentation  or  by  the  action  of  strong  acids  is 

onvertrd  into  indigo  blue  and  a  peculiar  kind  of  augar*  indigo  glycine,  according  to 

\  following  formula  : — 

C5aH6.N^34+4na0+Ci6HtoNa03+6C6H|oO6, 
ludican.  Indigo  blue.  Indigo  glycine* 

The  indigo  of  commerce  is  prepared  from  the  indigo  plants  in  the  East  and  West 

adies,  Southein  and  Central  America,  Egypt, and  other  parts.     In  Hindostan  indigo 

i  prepared  from  tlie  Nerium  tifninrittm.     The  following  five  varieties  of  the  indigo 

plant  are  more  particularly  employed  for  the  preparation  of  this  dyo  material ;  the 

^lanl^   are: — ItHliffo/era   titietorm,   /.  anily   I.   diipemia,    /.    pseudofinctona.    and 

anjenim.    The  pbnt  requires  a  warm  climate  and  a  soil  so  situated  that  it  ia  no 

able  to  become  inundated.     When  tlie  plants  have  grown  to  maturity  they  are  cut 

dwn  with  a  bickle  close  to  the  soil  and  transferred  to  the  finnory,  where  the  indigq 

\  extracted  from  the  plant  by  the  following  process: — ^The  factory  is  fitted  with  \ 

rater  tanks,  lil  to  ring  apparatus,  presses,  a  cauldron,  drying  room,  and,  lastly,  wit 

een  to  twenty  tanks  of  brickwork  laid  in  hydraulic  cement  and  plastered  inside 
rith  the  same  material  Into  these  tanks  Uie  brandies,  t^ngs,  and  tlie  leaves 
^re  placed,  and  water  is  run  in,  care  being  taken  to  force  tlie  green  plants 
iowTi  under  ttio  water  by  tlie  aid  of  stout  wooden  balks  wedgeil  tight  against 
he  eidtfs  of  the  tanks.  At  the  usual  high  temperature  of  the  air  in  the 
Topical  regiuns  fermentation  soon  sets  in,  aud  the  liquid  contained  in  the  tanks 
Ijssames  a  laight  straw-yellow  or  golden-yellow  colour,  a  liirge  quantity  of  gas  is 
evolved,  and  aftor  a  lapse  of  nine  to  fourteen  hours,  the  hqiud,  having  become  of  a 
ieeper  ytdlow  hue,  or  almost  the  colour  of  sherry  wine,  is  jwn  from  tlie  fermenting 
nka  into  a  very  large  tank  of  similar  construction,  into  which,  when  as  full  as  may 
» judged  ooavenient,  a  number  of  workmen  enter,  provided  with  long  bamboo  polesi 
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and  commence  stirring  tlie  fluid  vigorously  for  the  purpose  tif  exposing  it  as  mH 
OS  possible  to  the  action  of  the  air.    During  this  opemtion,  continued  for  some  1 
or  three  hours,  the  colour  of  the  liquid  frradnally  changes  to  piUe  green,  and 
indigo  may  tJien  be  a^en  suspendi^d  in  the  licjuid  in  very  siutdl  flocks.     The  liqa 
then  \t'(t  to  stAnd^  and  the  suspended  matter  gradually   subsiding,  the  water  ir 
gradually  run  off  by  the  aid  of  taps   or  plugs  fitted   into   the   tank  at  diflci 
heights.    At  last  the  somewhat  thick,  yet  fluid,  precipitate  of  indigo  is  run  vat 
cauldrnti,  where  it  is  boiled  for  fthout  twenty  minutes  in  onler  to  preventit  fe; 
a  second  tiine»  for  by  this  second  fermentation  it  would  be  rendered  uselesa. 
magma  is  left  in    the   cauldron    over  night  and    the  boiling   resumed    li#ll 
and  then  eontiiuu'rl  fnr  three  to  four  hours,  after  which  I  he  indigo  is  run  om  to  I 
filters,  cnnsistini^  first  of  a  layer  of  bamboo,  next  mat*,  and  on  these  stout  amrai^l 
placed  iu  a  large  masonry  tank.     Upon  tlie  can%  as  is  left  a  thick,  very  deep ! 
nearly  black  paste,  which  is  thence  taken    and  put  into  small   wooden 
perforated  with  holoB  and  lined  with  canvas ;  a  piece  of  canvas  is  p«t  on  the  1 
the  pnste,  and  next  a  piece  of  plank  is  fitted  clostdy  into  the  box.     So  ar 
number  of  th^'se  are  placed  under  a  screw-press  for  tlie  piirpose  cf  eliminati 
graduiilly  increa.sed  pre&sure,  the  greater  portion  of  the  wat<T.  itnd  thus  to  aoU 
pasty  material.     On  Wing  removed  from  these  boxes  the  cakes  of  indigo 
f  erred  to  the  dryingroom,  and  there,  daylight  and  direct  simlLght  being 
excluded,  gently  dried  by  the  aid,  in  aoroe  eases,  of  artificial  heat*    In ' 
prerent  Ihe  cracking  of  the  cakes,  tlie  drying  has  to  he  effected  vory  gontlr,  i 
usually  ft.»r  some  four  (o  six  days.     Thedrii  d  cakes  of  indigo  are  next  packedias 
wooden  boxes  nml  tlifn  sent  into  tho  m»\rkt't.     The  exhausted  plants  are  i 
manure,  for  although  the  boughs  on  being  planted  in  the  soil  would  again  grow, 
would  not  yield  either  in  quality  or  qujintity  enough  indigo  to  pay  the  expenses! 
culture,  looo  parts  of  fluid  from  the  fermenting  tanks  yield  0*5  to  o  75  parts  of  lad 

pw>p*rti«i«itadiie.     Tlie  in «h go  met  with  in  commerce  exhibits  a  deep  blue 
dull  earthy  fracture,  ami  when  rubbed  with  a  hard  substance  (the  better  kinds  of  t 
even  wlien  rubbed  with  the  nail  of  the  thumb},  give  a  glossy  puqdish-red  streak 
addition  to  a  larger  or  smaller  quantity  of  mineral  substances,  indigo  oonfa 
glue -like  substance,  or  indigo  glne;  a  brown  substance,  indigo  brown;  a  red] 
indigo  red;    and  the  indigo  blue,   or  indigotine,   CisHioNjO-,   the  pectilla 
material  for  which  the  drug  is  valued.     The  qwantity  of  indigo  blue  contained  ia] 
several  kinds  of  indigo  of  commerce  varies  from  20  to  75  and  80  per  oeniv  1 
averages  from  40  to  50  per  cent.    Indigo  may  be  purified  a<^cording  to  ] 
process  by  digestion  in  aniline,  whereby  the  indigo  red  and  indigo  brawn  pigment*^ 
dissoh^ed  and  eliniinat^^d.     According  to  Dr,  V,  Warther   (see  **  Chemical  N« 
vol.  xxiii,  p.  252^,  Venetian  turpentine,  boiling  paraffin,  spermaceti,  ftfearic  medd, 
chloroform,  are,  at  high  temperatures,  solvents  for  indigo  blue.     (See  also  * 
News,"  vol.  XXV..  p.  58.  "  On  the  Solubility  of  Indigo  (Indigotine)  in  Ph<^nic  Aeid.i 

T««ung  indiuc*.       The  qortlity  of  indigo  is  ascertained  by  its  deep  blue  rolonr  and  Kg 
ness  (see  *'  Chemicnl  News/"  vol.  xxiv..  p.  313).     G.  Leuchs  fonml  that  in  forty-i 
samples  of  this  material  the  best  contained  60*5  per  cent,  the  worst  24  per  ^ 
indij2(itine.  the  specific  gravity  of  the  former  being  low  and  of  the  latter  high, 
should  float  on  witter,  and  when  of  good  quality  it  should  not,  on  Imng  brokan  1 
Ideces,  depomt  at  the  botfom  of  the  vessel  filled  with  water  in  which  it  is  coDt 
iuidy  or  earthy  sediment.    On  being  ignjtedf  indigo  should  leave  only  a  < 
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small  quantity  of  ath.     When   auddeiily  heated,  indigo  shotdd  give  off  a 

ih-coloured  vapour.  siiUUmed  indi^otine,  and  the  drug  should   be  perfectly 

in  fuming  sulphuric  acid»  yiehiiog  n  dt;ep  blue  fluid.     ThAt  kind  of  indigo 

on  being  rubbed  with  a  hard  body  exhibits  a  reddish  coppery  hue  is  termed 

tinged  indigo,  imiujo  cuier^.     In  order  to  test  indigo  more  accunitely,  a 

id  portion  is  dried  at  loo    for  tlie  purpose  of  aseertainiTig  the  quantity  of 

pic    water   contained,    which    should  not  exceed   from  3    to    7   per  cent 

the  dried  indigo  is  ignited  for  the  purpose  of  ascertaining  ihe  quiintity  of  ash  it 

For  good  qualities  of  the  drug  this  Rmounta  to  7  to  9  5  per  cent*    Numerous 

huve  been  proposed  by  practical  dyera  as  well  aa  by  scieDtiflc  men  for  the 

of   asoertatnitjg  the   vaJue  of  indigo ;    that    is    to  uay,    the   quantity  of 

it  contains.     Some  of  these  processes  are  either  too  tedious,  nud  cause 

of  time,  or  are  not  sufficiently  exact.     A  comnierciuJ  sample  of  indigo  may 

:ed  first  with  water,  next  with  weak  acids,  then  witli  alkaline  solutions  aiid 

iX  and  the  ash  and  hygrosc4ipic  water  having  been  estimated,  the  residue  of 

ferent  operations  will  be  the  indigotine.  tlie  process  being  based  upon  the 

ibility  of  the  latter  in  the  different  sr>lvents  used  for  the  removal  of  Uie  impuri- 

met  with  in  Uie  sample  under  examination,     ^littenzwi^i  proposes  to  reduce  the 

50  by  means  of  an  alkitli  and  prolos  nip  hate  of  iron,  to  pour  over  the  surface  of 

liquid  a  layer  of  petroleum  oil  for  tJie  purpose  of  excluding  air»  to  take  by  the 

)f  a  curved  pipette  a  known  bulk  of  the  indigo -containing  tluid,  and  to  introduce 

fluid  at  once  inl4j  a  test  Jar  placed  over  mercury,  and  containing  a  known  and 

itely  meaaured  bulk  of  pure  oxygen,     Aa  1  grm.  of  white  indigotine  (soluble) 

rea  for  its  couver&ion  into  blue  tinsoluble)  indigotine  45  c.c.  of  oxygen,  the 

iiy  of  giis  absorbed  gives  the  quantity  of  indigotine.     This  metliod  yields  very 

ft  reaulti^,  but  requires  an  experienced  manipulator 

ffiU4«Su?X^**'  Tuiic  5  grms.  of  pure  quicklime  prepared  from  white  marble  or 
well-wiLalied  oyster-gheOs,  put  the  {|uick-lime  into  a  porcelain  mortar^  and  mix 
pie  witli  suijicient  water  Lo  form  a  thin  milk  of  lime ;  next  take  5  grma.  of  the 
b  of  indigo  very  hnely  poudered,  and  add  it  to  the  milk  of  lime,  mixing 
l^hly,  and  then  pouring  the  fluid  into  a  ilask  capable  of  containing  1200  c.c. 
^tbe  mortar  witJi  water  so  as  to  muke  up  a  bulk  of  1  lilrCp  next  add  t^D  the 
ts  of  Uie  lliLbk  10  grms.  of  crystallised  suiphate  of  iron,  tuiii  immediately  after 
e  Ihisk  and  let  il  situid  for  several  hours  in  a  moderat^dy  wann  place  or  on  a 
,  taking  caie  to  hliake  the  vessel  frequently.  After  the  liquid  has  become 
id  th«  sediment  deposited,  a  small  syphon  of  known  cubic  capacity  is  filled 
|disliUcd  water,  and  by  the  aid  of  tliis  inBtrument  2cx)  c.c.  of  the  fluid  contained 
BiUik  are  transferred  to  a  beaker-glass.  Some  puro  hydrochloric  acid  having 
^dded  to  the  fluid,  it  is  left  to  be  acted  upon  by  tlie  air  until  tlie  reduced  and 
indigotiue  hu^s  becomu  insoluble  and  blae-colonred.  The  precipitate  ia 
id  on  u  tared  litter,  well  waslied,  dried,  and  next  weighed.  'I  ius  weight  cor- 
ids  to  Uie  quantity  of  pure  indigo  blue  present  in  i  grm.  of  the  sample. 

Xliis  test  is  based  upon  tlie  application  of  bichromate  of  potash  and 

►lie  acid.     10  parts  of  tin ely- pulverised  indigo  are  digested  with  twelve  times 

;bi  of  fuming  sulphuric  acid  at  a  temperature  not  exceeding  25   for  a  period 

dve  hours.     When  the  indigo  has  been  entirely  dissolved  tlie  fluid  is  i>oured 

pi&t  ^=  o  568  litre)  of  water,  next  24  grs.  of  concentrated  hydrocMoric  acid  ore 

and  the  fluid  is  then  gently  heated,  after  which  it  is  titrated  with  a  solutiozi 

ay 
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■ad  oxida^on  being  carried  further,  the  result  being  that  the  red  pigment  (orcin)  is 
thereby  converted  into  a  blue-coloured  material  azolitmine : — 


Orcin,  C7H8O2  ] 
Ammonia,  NHjh  yield 
Oxygen,  4O        J 


Azolitmine,  C7H7NO4 

and 
I  Water,  aH^O. 


The  fermented  mass  is  mixed  with  gj^sum  and  chalk,  moulded  into  lozenges,  dried, 
mnd  sent  into  commerce. 

That  known  as  litmus  on  rags,  tottrnesol  en  drapeaux,  is  prepared  in  the  southern 
parts  of  France  (almost  exclusively  at  Grand  Gallargues,  D^partemcut  du  Card) 
from  the  juice  of  the  Croton  tinctorium  in  which  coarse  linen  rags  are  repeatedly 
steeped,  and  these  having  been  submitted  to  the  action  of  the  ammonia  evolved  from 
stable  manure  or  from  lant,  become  purple-red  coloured.  Weak  acids  turn  this 
colour  to  yellow-red,  which  is  not  again  turned  to  purple-blue  by  alkalies,  the  effect 
of  these  being  to  render  the  colour  somewhat  green.  The  toumesol  en  drapeaux  is 
largely  used  in  Holland  for  imparting  a  colour  to  the  crust  of  certain  kinds  of  cheese 
made  in  tliat  country,  the  effect  being  that  tlie  cheese  thus  externally  dyed  is  by  far 
less  liable  to  decay  and  to  be  attacked  by  cheese- mites.  The  pigment  is  also  used 
for  colouring  a  peculiar  kind  of  paper,  extensively  employed  for  tlie  covering  of 
sugar-loaves.    It  is  also  used  for  imparting  a  tinge  to  liqueurs,  sweetmeats,  &c. 

Yellow  Dyes. 

TAnr-wood,  Ftttue.  Ycllow-wood  is  tlic  hard  wood  of  the  dyer's  mulberry  tree, 
botanically  termed  Moras  tinctoria  or  Madura  aurantiaca.  It  is  imported  chiefly 
from  Cuba.  San  Domingo,  and  Hayti.  Tliis  wood  has  a  yellow  and  in  some  parts 
yellow-red  colour,  due  to  a  colourless  crystalline  body,  morine,  Ci^%Oy  present  in 
combination  with  lime,  and  also  to  a  peculiar  kind  of  tannic  acid,  morine- tannic  acid,  also 
termed  maclurine  (formula,  CijHioOe),  both  often  met  with  deposited  in  the  wood  in 
large  quantities.  Morine  becomes  yellow  by  exposure  to  air  and  the  simultaneous 
influence  of  alkalies.  When  treated  with  caustic  potash  maclurine  is  split  up  into 
phloroglncine  and  protocatechutic  acid.  Yellow-wood  is  employed  for  dyeing  yellow 
snd  also  black,  in  consequence  of  tlic  large  quantity  of  tannic  acid  it  contains.  The 
commercial  extract  of  this  wood  is  termed  cuba  extract. 

Toaiiriutifl.FmichFurtct.  This  is  a  green-yellow  wood,  exliibiting  brown-coloured 
stripes,  and  derived  from  a  European  shrub,  tlie  Rhus  cotinus  of  the  botanists,  a  plant 
belonging  to  tlie  southern  parts  of  Europe.  The  prefix  ''  young"  is  given  to  it  on 
account  of  the  smallness  of  its  branches  as  compared  with  that  of  the  yellow-wood, 
which  is  distinguished  as  old  fustic.  The  fustet  contains  a  peculiar  colouring 
matter  termed  fustine,  and  in  addition  large  quantities  of  tannic  acid.  It  would 
appear  that  fustin  yields  quercetine  by  being  split  up  in  chemical  sense. 

ABiiBtto.orirDotto  Is  a  ycUow-rcd  pigment,  chiefly  used  for  dyeing  silk.  It  is  met 
with  in  commerce  as  a  thick  paste  of  the  consistence  of  putty,  and  is  prepared  in 
America,  the  West  and  East  Indies,  from  tlie  pulp  of  the  fruit  of  the  BUa  Orellana. 
According  to  Chevreul,  annatto  contains  two  diflereut  pigments ;  one  of  these  exliibits 
a  yellow  colour  and  is  soluble  in  alcoliol  and  water,  while  tlie  other,  a  red-coloured 
matter,  is  readily  soluble  in  alcohol  but  not  in  water.  Piccard  states  that  tlie  formula 
of  the  latter  is  C5H6O4.  Annatto  is  soluble  in  weak  caustic  and  carbonated  alkaline 
solations. 
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BHer  is  teelinically  termed  chcuiick  bro\\Ti.  Manganese,  or  biatcr  brown,  is  obtained 
from  the  hydra  ted  oxide  of  manganese.  Black  is  obtained  from  taiiiiate  or  gitllaie  of 
prot4iperoxide  of  iron  or  fi-om  lojjjwood  decoction  and  chromate  of  potash*  or  from 
aniline  blai^k  <sce  p.  579I.  Green  h  produced  by  mixing  yellow  and  blue,  or  by  the 
use  of  the  Chinese  green  Lo-kao,  obtained  from  L'kamfius  chlorophoru»  and  R.  urilis  ; 
or  by  the  use  of  sap-green  froni  the  berries  of  the  Rhimnu^  cathariieiu  ;  finally, 
anilino  green  (aldehyde  green  and  iodine  green,  see  p.  57S)  is  used^  and  yields  a  most 

tl  dye, 
Bleachtno. 
The  operation  of  bleaching'  aims  at  more  or  less  perfectly  whitening 
or  dt'colonrising  the  yarns  spun  fri>m  tlax,  hemp,  jute,  cotton,  or  of  tlie  textile 
BUirics  woven  from  the  same.  Vegetable  fibre  resiists  the  action  of  most  chemical 
•gents  in  use  in  the  bleaching,  while  the  foreign  or  incrustating  or  colouring  matters, 
Occtining  chiefly  on  the  surface  of  tJie  lib  re,  are  rendered  soluble  or  completely 
destroyed-  The  bleaching  of  the  fabries  and  fibres  which,  such  as  linen  or  cotton 
ti&snes,  coubibt  tnaioly  of  cellulose,  is  based  on  this  principle.  The  method  of 
Vleaching  wool  and  silk  diilirij  from  tliat  of  the  vegetable  fibres,  inasmuch  as 
llic  che-micals  used  for  the  latter  would  exert  upon  the  former  a  solvent  action^  not 
ogXy  as  regards  tlie  impurities,  but  tliu  substance  iUielf. 

^Un  Uie  operation  of  bleachitig.  partly  chemictd  and  partly  mechanical  meana 
&6  entployed.  Ou  the  large  scale,  setting  aside  all  theoretieal  considerations  wliich 
i|o  not  iai\  within  the  st!i>pc  of  this  work,  the  operation  of  bleaching  cotton  fabrics 
fiist^j  of  the  following  operatious  : — 

Singeing,  followed  by  '*  rot  steep"  or  "  wetting-out  steep." 
B.  laming— boihng  witli  milk  of  linie  and  water  for  12  to  16  hours. 

Wttsliing  out  the  lime  and  pusijing  in  hydrochloric  acid  "sours"  or  weak  vitrioL 
Bowkiug  in  soda-ash  and  xjreparcd  resin,  10  to  16  houjra. 
Washing  out  Uie  bowk. 

Ordinary  black  ink  which,  if  rortlly  made  with  galls,  consists  essentialiy  of  gallate  of 

Srotoperuxide  of  iron  kept  iu  snspeui^iVjn  in  water  by  the  aid  of  gum  arable,  is  indeed  a 
yti  Uquur.     A  very  good  biaok  ink  mny  be  made  aa  lollow« :— i  kilo,  of  coarsely  palveriaed 
nut   gaila  and  150  gnus,  of  logwood  chips  are  exhiiiiHted  with  5  litres  of  hot  water; 
600  ffmis,  of  gnm  arabio  are  di^-fiulved  in  2)  litres  of  water  ;  and  500  grms.  of  eulphate  of 
t-ome  litivB  of  water ;  each  t>f  these  solutions  being  made  separately.     Thits  done  the 
AOiH^l  iufuKiiin  is  mixed  with  those  of  the  gum  and  copperas;  a  few  drops  of 
«»&i'iii.4)*i  oil  of  cloven  or  of  gaultheria  (winter  greeu  oil)  having  been  added,  there  is  added 
«i  mitch  water  as  wlII  briiiR  the  bulk  of  the  liquid  up  to  11  htrew.     While  thi;^  kind  of  ink 
atiaolc»  and  corrodes*  steel  pens,  it  has  the  additiuiml  dijiadvantage  that  after  a  time  the 
beeome«  yellow.    In  184S  Euuge  called  attention  to  an  ink  origLnally  invented  by 
f  at  Nurenberg,  and  imi)roved  upon  by  C.  Erdmann  at  Leipzig  and  sohl  by  him. 
^  id  made  up  of  1000  parts  of  a  logwood  decoction  (i  part  of  wood  to  8  parts  of 
J  ml  J  part  of  yellow  chromate  of  potash,  gome  bichloride  of  mercuiy  being  added 
i^^l  (ij.  piiri>o8e  tdpreveutiiiK  the  formation  of  monhi     This  ink  H  cheap  and  very  per- 
maiient  ;  the  colouriug  principle  is  a  combination  of  hjcmateine  and  oxidt  of  chromium, 
lieonhard'a  iso-caJ)ed  rdizarine  ink  is  made  by  exhausting  with  water,  eo  that  120  parts  of 
fluid  are  obtained  from  42  parts  of  galls  and  3  of  madder.     To  this  mixture  is  added 
1-2  parts  of  sulphindigotic  acid,  5-2  parts  of  green  copperas,  and  2  parts  of  p\Toliguite  of 
iron  solntion.     Rouen's  blue  iidt,  frequently  used  in  France,  conKists  of  a  decoction  of 
750  grms.  of  logwcK>d«  35  grms.  of  aiuai,  31  grms.  of  gum  arable  in  5  to  6  htres  of  water. 
For  an  exceUeut  extemporaneous  ink,  see '*  Chcraieal  News,'*  vol.  xxv.,  p.  45.     Copj-ing 
inks  are  only  more  conceutratid  fadiniiry  inkf^,  to  which  more  gum  and  sugar  are  added. 
Marking  ink  for  linen  is  a  solution  of  silver  (see  p.  105),  or  anlhne  black  produced  ou  tha 
H^ffttu  labric  (see  p.  579). 
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6.  Passing  t)i rough  a  solution  of  chloride  of  lime  (bypochlorite  of  limlt^ 

7.  Passing  through  weak  hydi-ochloric  acid. 

8.  Washing,  sq^ueezing,  and  drying. 

The   singeing  is  not  a  part  of  tlie  bleaching  prooess  properlr 
purpose  is  to  remove  the  loosely  adhering  lUaments,  and  improve  the 
the  cloth  if  required  fur  printing. 

The  **  rot  steep"  (so  riilled  because  the  flour  or  size  with  which  the  ffoadM  «cit 
impregnated  was   formerly   allowed    to  enter    into    fermentation  and    ' 
is  intt'uded  to  thorouglily  saturate   tlje   clulh*     The   liming  takes   j-. 
or  kettles  capable  of  holding  from  500  to   1500  pieces  of  cloth.     The  iinie  u  r*tT 
carefully   elaked  and  brought  to  a  smooth  milk  of  lime,  being  &ilt«d  «o  thttt  on 
small  lumps  of  quick-lime  shall  get  into  the  kier.    The  lime  is  eqaaUy  distntmtsd 
upon  the  cloUi  as  it  enters  the  kier.     Tlie  olotli  is  pressed  into  iii«  liquor  ui 
tlie  boiling  commenced  and  continued  for  a  period  of  12  to  16  hoiifv.     At  the  cttdul 
tliat  time  the  liquor  is  run  off  and  clear  water  run  iti  to  cool  the  plec^sv 
which  are  then  taken  out  and  washed.      Tlie  utility  of  the  liming 
acUon  upon  the  greasy  matters,  forming  with  them  a  kind  of  insoluble  aoap,  wl 
easily  removed  by  tftj^  subsequent  processes.     The  souring  after  lintij^  retno 
excess  of  lime  and  breaks  up  the  insoluble  hmesoapi  leaving  the  greftscy  matten 
the  cloth,  but  in  such  an  altered  state  as  to  be  easily  dissolved  in  the  bowkung 
follows.     Hydrochloric  acid  is  sometimes  used  in  this  souring,  but  inor«t 
dilute  sulphuric  acid  is  eniiiloyed.     Tlie  bowking  or  boiling  with  alkali  and 
for  it«  object  the  removal  of  the  greasy  matters ;  it  dissolves  them,  and 
held  by  them  now  comes  oat  of  the  clotli,  leaving  the  cotton  nearly  ptire.     Th* 
used  ill  tluH  process  is  soda- ash.     The  soap  is  made  from  resin  and  called 
resin.     The  last  process  is  that  of  passing  the  goods  through  a  clear  soli 
bleaching- powder  for  the  purpose  of  destroying  the  slight  tinge  of  colour  of  a 
or  cream    fihade   still  adlnvring  to  tlie  cotton.      The  solution  of  bleaeliing 
is  very  weak,  so  that  prol^ably  a  piece  of  calico  of  the  ordinary  sijze  does  not  tl 
more  than  the  soluble  matter  from  {  of  an  ounce  of  bleaching-powder,     Th* 
are  allowed  to  remain  some  time  in  soaking  with  the  chloride  of  Uine 
and  are  next  passed  through  sours  for  the  final  operation.     The  dilute  hyd 
acid  has  the  effect  of  setting  the  chlorine  free  from  the  bleaching-powder  and 
completing  the  destruction  of  tiie  colour.     At  the  same  time  it  removes  thi*  Unw 
likewise  any  traces  of  iron  (iron  m(julds)  that  may  exist  in  the  cloth.     Lin^n  k 
ao  easily  bleached  as  cotton,  and  it  appears  t«>  sutler  considenibly  by  boiling  vUl 
lime  and  by  contact  with  bleaching -powder.     It  is,  therefore,  generally  bleacbtd 
continual  boilings  with  alkali  and  a  few  sourings  with  bleaching-powder :  or  is 
is  injurious,  the  hypochlorites  of  iK>tash  or  soda  are  substituted,     Wmdl 
yams  are  bleached  by  treating  tliem  \\^th  very  mild  alkaline  liquors,  w  j^ 
the  fatty  matters,  laut  and  soap  with  soda  crjstals  being  the  substaiic*-*  u'-u*nt 
employed.     Suli>hnroU3  acid  gas — or,  as  it  is  termed  in  the  tmde,  vajM.ur  of  buj 
brimstone— is  used  to  finish  wool,  giving  it  whiteness  and  lustre.     The  foUoi 
an  outline  of  the  process  as  described  by  Persoat  for  bleaching  woollen  go<»d*; 
is  for  40  pieces  eaeli  50  yards  long: — ^i*    Piissed  three  times  Uirough  a  Exdutioii 
25  lbs  of  carbituaf  e  of  soda  and  7  Ihs.  of  sonp  at  a  tempemturc  of  100^  F. ;  add  | 
of  eoap  after  every  four  pieces,     2,  Wasli  twice  in  warm  water.     5.  I^i68i*d  Ibnea 
limes  through  a  solution  of  25  lbs.  of  carbonate  of  soda  at  lao*  F„  and  add  I  Ik 
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soap  again  after  every  fonr  pieces.    4.  Sulphured  in  a  room  for  twelve  hours,  using 

25  lbs.  of  sulphur  for  the  forty  pieces.  5.  Passed  three  times  through  a  solution  of  soda, 

as  in  No.  3.    6.  Sulphured  again,  as  in  No.  4.    7.  Soda  liquor  again,  as  in  No.  3. 

8.  Washed  twice  through  warm  water.      9.  Sulphured  a  third  time  as  in  No.  4. 

xo.  Washed  twice  in  warm  and  then  in  cold  water.      11.  Blued  with  extract  of 

indigo  (indigo-carmine)  according  to  taste. 

BiaMiiiDg  of  Silk.       The  operation  of  bleaching  silk  is  always  preceded  by  removing 
(decorticating,  degumming)    the    gummy  substance    attached    to    and    externally 

covering  the  fibre.  This  is  effected  by  boiling  the  raw  silk  in  soap  and  water. 
For  the  purpose  of  bleaching  silk  nothing  but  water,  soap,  and  sulphur  (for  making 
Bolphurous  acid)  are  used.  Occasionally  some  soda  crystals  are  employed  to 
save  soap  but  as  alkalies  injure,  and  if  incautiously  used  destroy,  the  fibre,  they 
must  be  employed  with  extreme  care.  Bran  is  sometimes  used  ^nth  soap  in  order  to 
neutralise  any  excess  of  alkali  (bran  contains,  or  rather  develops,  when  it  becomes 
wet,  lactic  acid).  The  process  is  terminated  by  passing  in  an  extremely  diluted 
aoor  (solution  of  sulphuric  acid  in  water)  so  weak  as  scarcely  to  be  acid  to  tlie  taste. 
Sulphuring  is  only  required  for  silks  intended  to  be  left  eitlier  white  or  to  be  dyed  or 
printed  with  bright  and  light  colours.  This  operation  requires  great  care  and  should 
be  seldom  resorted  to. 

This  is  an  outline  of  the  process  of  bleaching  as  carried  on  in  practice  on  the 
large  scale  in  tliis  as  well  as  in  other  countries.  The  tlieorctical  consideration  of 
llie  mode  of  action  of  the  substances  employed  belongs  to  theoretical  chemistry,  and 
18  treated  under  the  heads  of  Chlorine,  Sulphurous  Acid,  Oxidising  Substances,  &c. ; 
and  as  far  as  the  textile  fibres  are  concerned,  under  Cellulose  for  flax,  hemp,  jute, 
cotton,  and  the  Animal  Fibres  for  wool  and  silk.  The  meadow  bleaching  of  cotton 
and  linen  fabrics  is  still  resorted  to  in  some  extent,  but  only  in  connection  with  the 
processes  already  referred  to.  None  of  the  novelties  proposed  for  bleaching 
purposes — among  tliese,  for  instance,  tlie  use  of  permanganate  of  potash  (Tessi6  du 
Motay's  process)  as  a  bleaching  agent — have  been  found  by  practical  bleachers  of 
great  experience  to  be  either  better,  more  manageable,  or  cheaper  than  the  methods 
sanctioned  by  lengthy  experience  and  daily  use. 

Dyeing  of  Spun  Yarn  and  Woven  Textile  Fabrics. 

Dyeioc.  Just  as  animal  charcoal  and  arable  soil  are  possessed  of  the  property 
to  assimilate  in  their  pores  colouring  matter  and  some  inorganic  substances  without 
tlie  latter  being  altered,  so  also  do  animal  and  vegetable  fibres  possess  the  property 
of  absorbing  from  solutions,  and  fixing  in  a  more  or  less  insoluble  condition,  dyes 
and  some  of  the  constituents  of  mordants.  This  combination,  or  more  correctly 
union,  is  often  so  loose  that  it  is  readily  broken  up  by  repeated  troHtment  with 
solvents  (viz.  simply  washing  with  water  or  soapsuds),  especially  if  aiilcd  by  heat. 
Thus,  for  instance,  a  textile  fibre  dyed  (rather  tinged,  for  dyeing  implies  fixity)  with 
Bulphindigotic  acid,  or  a  solution  of  Berlin  blue  in  oxalic  acid,  may  be  decolourised 
again  by  repeated  washing  in  water.  A  fibre  can  only  be  called  dyed  in  the  strict 
sense  when  the  dissolved  dye  material  has  been  united  in  insoluble  condition  with 
the  fibre,  for  wliich  purpose  often  the  inter\'ention  of  a  tliird  substance,  viz.,  a 
mordant,  is  required,  tlie  union  thus  formed  resisting  the  action  of  solvents,  that  is 
to  say — repeated  washing  with  warm  water  and  soap.  The  colour  thus  produced  is 
termed  fast,  and  resists  the  action  of  light,  air,  soap-water,  weak  alkaline  solutions, 
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ftii4  weak  acids.  A  dye  whioli  does  not  resist  these  agents  ia  termed  fngitlfl 
Dyeing  is  p^irtly  based  on  cheBiic^l  principles,  but  as  regards  the  taking  up  or  iiutig 
of  tlie  dya  by  the  fibre,  it  would  appear  to  be  only  a  physical  attractkin,  capilkniit 
as  there  does  not  exist  between  a  certain  quantity  of  libro  and  of  dye  an  akoku 
relation.  Mureaver,  neither  Ebre  nor  dye  have  lost,  after  fixatioti  has  tekeo  flie^ 
tiieir  characteristic  properties. 

The  iiisoluWc  c^mditiun  of  the  nnion  between  fibre  and  dye  maj^  be  oUli&fi 
in  various  waya,  \ii, — i.  By  removal  of  tlie  solvent,  as,  for  iaatance,  oxide  a(iH|n 
dlasolved  in  ammonia  may  be  fixed  on  the  fibre  by  simply  evaporating  thi^^^| 
fluid ;  chroiiiate  of  zinc  disjsolved  in  ammonia  may  be  fixed  in  the  same  matmo^lH 
precipitation  of  carthamiuo  from  its  aUtaUne  eoUiUoa  by  the  aid  of  an  acid,  andAfl 
precipitation  of  some  of  tlie  tar  culours  from  tlunr  a!cohohc  solutions  belong  to  tk 
same  category.    The  insoluble  condition  can  be  produced  by — 2.  Oxidatioa,  tlie  prt- 
viously  holabie  dye  being  rendered  insoluble  by  taking  up  oxygen  (ageing  prooM^.^ 

The  ferrous  atid  mauganous  sulphates  becoming  converted   bj  oxidatioa  ioll 
insolublo  hydraled  oxides;    and  further,  those  dyes  of  vegetable   origin  whidv 
in  addition  to  tamiic  acid,  also  eontain  a  pecuUar  dye  material,  such  aa  queratno, 
anmac,  ycOow  wood,  fustet.  &c,,  belong  to  Uiis  category.     When  any  textile  fabrkii 
impregnated  witii  an  aqueoub  or  alkahiie  infusion  of  Uiese  sub^^tances,  and  theik  agil 
or  stored  (tecHinic^d  terms  for  expusure  to  action  of  air  in  what  aro  termed  agda^j 
rooms),  Llie  dye  niuterial  becomes  bro\^^,  and  is  Uien  no  longer  soluble  in  water  Xlfl 
is  more  rapidiy  etl'ected  by  treating  the  textile  fabrics,  previunsly  impregnated  wtff 
the  solutiuu:^  of  tlie  drugs,  witli  oxidising  substances^ — tor  mstance,  cliruiuic  ad4  « 
bichromate  of  potash.     Another  instance  of  Oiis  kind  is  tJje  process  of  dyeing  hitrnk 
with  logvvood   and  cliromate  of  potash,   whereby  tlie  haimatoxyline    of   the  irooi 
ia  oxidised,  and   the   chrumic  acid  reduced   to  chromic  oxide.      To    6ome  afttfit 
the  dyeing  blue  with  indigo  in  tlie  vat  (blue  vat),  to  be  more  fully  dc3«cribed  p» 
sently,  belongs  to  tlie  same  category ;  but  in  this  case  the  production  of  the  eolour  a 
due  to  the  gradual  absorption  of  oxygen,  while  simultaiicousdy  hydrogen  ia  e?(il¥«i 
from  the  white  indigo,  Uie  hydogen  conibiuing  with  oxygen  and  forming  water.    Tht 
formation  of  am  hue  black  upon  tissues  by  the   aid  uf  ozone- forming  aatttteaM 
^chlorate  of  pottwht  ferricyanide  of  amuionium,  chroiaate  of  copper,  frealUy  pncifi- 
tated  sulphide  of  copperj  belongs  to  this  class.     In  many  eases  the  insoluble  eooA- 
tiou  (3)  is  ivbtuined  by  double  decomposition ;  as,  for  instance,  blut>  is  pinjdueed  teJ 
hydrofcrrocyauic  acid  and  oxide  of  iron ;  green  by  araenite  and  sulphate  of  otfpfiM 
yellow  by  cliromate  of  potasli  and  a  soluble  lead  salt.     This  mode  of  fixation  of  |d| 
ments   is   only  employed   with   niineral   colours.      The  most  important   an4  SMil 
ordinary  meLliod  of  fixing  dyes  is  (4)  by  tlie  aid  of  mordants.     We  undrrstaad  kf  i 
m  ^rdant,  a  iaolutiun  of  some  subsiauce  wliich,  not  being  itself  a  dxt^,  has  an  affiailyii 
u.xl  for  the  tibre  as  lor  the  dye  material,  and  is  thereby  capable  of  efleeti&gtM 
fixation  of  the  latter  to  the  fibre.  U 

The  more  important  mordanta  are  :^Aliiin ;  aulphate,  acetate  and  hyposalfdiHtM 
aJumiDa;  aluininate  of  soda;  and  acetate  uf  Iroo;  according  to  lieinmnu  [t@7<ifl 
amorpbous  silica  may  be  used  for  fixing  sevei-al  dye  materials ;  tin  niurdant-s :  ^ifl 
substances,  Gallipoli  oil,  in  Turkey- red  dyoiug;  tannic  mud,  for  madder  culouffl 
0  hineai  colours  ;  aniline  dyes  on  cotton  and  hneii  fabrics  ;  iilbiunen,  drivd  whiltM 
egg.  gluten,  caserne,  and  fatty  oils  (linseod  oil  also  aometimes).  The  fabti^  !■ 
be  dyed  are  impregnated  with  the  mordants,  wliich  are  next  fixed,  an  opetatia^ 
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pUffering  According  to  the  nature  of  the  mordant  us  well  as  the  specific  dye  it  is 
■equired  for;  but  in  general  terms,  ageing,  tlimg-bath*  bnin-Wtlit  and  soaping,  are 
fcinploTed.  alter  whicli  Ihe  woven  fabric  is  placed  in  the  dye  solution  contained  in  the 
Bye-beck.  Most,  of  the  dyos  of  organic  origin  can  be  fixed  only  hy  tlie  aid  of  niordauta. 
I  Bancroft  considers  dyes  as  substantive  and  arljective.  By  the  former  is  uiider- 
kioo4  tliose  vvhit^h  without  the  aid  of  a  mordant  bt^eome  fixed  upou  the  textile  fibres 
kn  an  insobible  contrition :  to  t}iese  belong  all  mineral  pigmerits ;  and  among 
bhe  vegetable  colouring  substances — indigo,  turmeric,  annatto,  safflowt-r,  also  most  of 
■the  tar-colours,  although,  as  alreody  mentioned,  tannic  acid  is  used  for  fixing 
Biftchsin  and  Bimilar  tar-coIourE.  By  adjective  colours  or  dyes  is  understood 
bach  as  require  an  intermediate  substance  (a  mordant  in  fact)  to  become  fixed  upon 
llhe  fibre  in  on  inaoluhle  condition.  These  intermediate  substances  are  termed  mor* 
I  uar^Mtiia.  dftUts ;  thty  not  oidy  serve  for  fixing  the  dye  to  the  textile  fibres,  but  also 
■produce  in  the  mordanted  ^ot>ds  such  an  alteration  that  the  parts  of  tlie  tissue  where 
■y^  compi>sition  is  applied  appear  white  when  the  goods  ixre  taken  from  the  dye- 
Hlril.  The  snbsliinces  which  produce  this  effect  are  technicdly  tenned  dischargers^ 
Br  discharge  comiMij^itioiis ;  among  them  ore  phosphoric,  tartaric,  oxalic,  arsenious 
bcids.  &c.  I  but  in  practice  the  goods  are  first  unifonnly  dyed,  ftu^l  the  discharge  then 
kpplied  so  as  to  act  unJy  where  it  ia  desii'ed  to  exhibit  a  pattern.  What  are  (ei-raed 
besista  are  not  mordants,  but  only  compositions  applied  to  tJie  woven  fabric  at 
kertoin  parts  where  it  is  desired  tliat  no  deposition  of  colour  or  mordant  shall  take 
fclaee.  Mordants  may  mudify  the  onginal  colour  that  a  dye  yields ;  as,  for  inntance, 
k'itb  alumina  compounris  madder  yields  red,  pink,  and  scarlet ;  with  salts  of  iron» 
according  to  the  degree  of  con  centra  tion»  lilflCt  purple,  bla*!k ;  and  brown  with  cer- 
tain salts  of  copper.  For  the  purpose  of  clearing  and  brightening  {at'iv(njt\,  the 
dyed  or  printed  goods  are  passed  tliroogh  solutions  of  either  dilute  acids,  weak 
u>r  strong  alkalies,  soup-suds,  bran-batli,  solutions  of  bleaching- powder,  or  also 
kf  some  other  dye  material. 

I  Di<iD«  wo«ii^it  Fubiici.  Wool  is  sometimes  dyed  in  the  flock  or  fieece,  that  is  to  say, 
prh«in  not  spun  ;  sometimes  in  yarn  or  worsted  and  aa  a  finished  wov*  n  fabric  < cloth, 
B»t>adcloth,  iStcj.  As  there  is  always  some  refuse  wool  in  the  operations  of  weHving, 
Bulling,  and  dressing  the  woollen  tissues,  it  is  advantageous  to  dye  wool  iu  (he  condi 
pion  of  spun  yarn.  W^hen  the  dye  intended  to  be  applied  to  wool  is  fast,  tlie  textile 
Kbre  is  first  nn>rdaiited.  For  this  purpose  tlie  wooUeti  fibre  is  treated  with  a  solution 
lof  alum  and  cream  of  tartar  tbitarlrate  of  potash)  ;  or  witli  the  latter  salt  and  tin-salt 
[(chloride  of  tin)  ;  or.  figain,  cream  of  tartar  and  green  vitriol;  for  certain  colours^ 
fchloride  of  tin  and  pink  salt  liseo  p.  75  )  arc  used, 

I  uj^jjit  Woci  Bine.  The  imparting  of  a  blue  colour  to  wool  is  one  of  the  most 
pmportant  operations  of  dyeing  woollen  goods.  It  is  frequently  effected  with  indigo, 
kvhich  produces  the  moat  beautiful  and  fast  colours  ;  but  indigo  is  used  only  for  the 
kt^tter  and  heavier  kinds  of  woollen  fabrics;  lighter  tissues— merinos  for  instance — 
bre  often  dyed  with  I'russian  blue  (not  a  fast  colour),  while  common  woollen  goods. 
pUimels,  Ac,  if  dyed  bluo  at  all.  are  dyed  with  logwood  and  blue  vitriol  Isulplmto  of 
koppT).  In  order  to  ascertain  whether  a  woollen  tissue  has  been  dyed  with  indigo, 
p  nissian  blue,  or  copper  salts,  the  following  tests  may  be  employed.  Woollen 
Itiaaue  dyed  with  indigo  does  not  change  its  colour  by  being  boiled  with  cau>*tic 
iMtafih,  or  by  b**jng  moistened  with  concentrated  sulphuric  acid.  When  Prussian  blue 
na  the  dye  used,  the  tissue  becomes  red-coloured  by  being  boiled  with  caustic  potasb. 
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ftnd  becomes  discoloured  bj  being  moistened  wjtli  strong  sulpliuric  acid.    Ww 
goods  dyed  with  logwood  and  copper  siJts  are  reddened  by  being  niui&tetied 
dilate  sulx>hurie  acid,  fmd  on  being  incmerated,  the  tissue  leaves  an  a&b  cOnUitui^ 
copper. 

Indigo  Blue.      Woollen  goods  are  most  irequentlj  dyed  blue  with  indigo  by  tnesns^ 
soUilion  of  white  indigo  (reduced  indigo)  in  an  alkalitie  fluid,  the  gooda  being  Ma 
by  exposure  to  air — that  is  ta  say,  by  the  oxidation  of  tlie  indigo  taken  up  by  tli«  i 
the  dye  becoming  simultaneously  fixed.     The  principle  of  this  mode  of  dye 
indigo  (t<;cliiiicully  loiown  as  blue  vatu  may  be  elacidated  by  tlie  follovriiig  foij 
C,6H,aNaOi+0  =  Ci6H,aNaO,+H,0, 

BittiVntj.  Tiie  *Trf.ate8t  conBiunption  of  indigo  is  in  forming  the  blue  vats,  mi 
woollen  or  cotton  troods.  more  rarely  lint^n,  are  dyt^d  by  simply  immersing  t)i«ti  m 
the  solution  of  white  indigo.  The  same  vats  are  not  equally  adaptr-d  for  woi 
and  calico,  there  being,  as  will  be  seen  in  the  following  deUils.  a  widt?  di^*r«D»ii 
their  composition.  According  to  the  general  accounts,  the  lime  and  coppttrii  \ 
(see  below)  is  not  well  adapted  for  woollen  goods ;  still  in  the  imc 
published  French  treatif^e  on  woollen  dyeing,  there  is  no  mention  made  off  I 
oUier  kind  of  vat ;  the  following  proportions  and  directions  being  given  for  ( 
a  vat  for  dark  blue: — 1200  gallons  of  water;  34  lbs.  of  quick- linM;  ts  j 
of  green  copperas;  12  lbs.  of  ground  indigo;  4  quarts  of  caustic  patasli  soliitiaill* 
34"  :=  sp.  gr.  I '283.  The  indigo  is  ground  very  fine  by  trituratioa  in  prnptfff 
constructed  niilb,  thia  being  a  point  of  the  utmost  importance.  In  the  above  rnq* 
the  potash  is  mixed  with  5  gfdlons  of  water  in  an  iron  pan.  and  the  indigo  i 
The  mixture  is  f^radually  heated  to  ebullition  and  kept  boiling  for  two  ! 
witli  uninterrupted  stirring ;  this  softens  and  prepares  the  indigo  for  dissolving.  Hi 
limo  is  well  slaked  so  as  to  be  very  fine,  and  is  next  passed  through  a  sine  t&<te 
state  of  milk  of  lime.  It  is  then  mixed  with  the  indigo  and  potatih  ;  the  CK»p 
(protosulphate  of  iron),  previously  dissolved,  is  added  to  tlie  vat  and  well  ^ 
tlien  the  mixture  of  lime,  potash,  and  indigo  is  poured  in^  and  the  whole  we 
for  half  an  hi>ur.  If  tJie  proportions  are  well  kept,  the  vat  will  be  fit  for  1 
in  twelve  hours :  if.  however,  it  lookij  blue  under  the  scum,  it  is  a  sign 
indigo  is  not  wholly  dissolved,  and  more  lime  and  copperas  should  be  added,  and  I 
vat  left  undisturbed  for  anotJier  twelve  hours.  Tlie  vat  is  worked  at  a  temp 
of  70"  to  80^  F.  This  is  the  ordinary  composition  of  a  'vat  for  dyeing  cottun,  1 
nat»  at  least  in  England,  in  use  for  dyeing  woollen  goods. 

The  usual  blue  vats  for  wool  contain  neither  copperas  nor  lime,  or  but  a 
quantity   of   the  latter;    as,   for   instance— Water,   500  gallons:    indigo,  30  ttaH 
potash   (carlM>imte    pearl-ash  I,  30  lbs.;   bran,  9  lbs,;   madder,  9  lbs.     The  ^ 
is  heated  to  just  ImIow  its  boiling-point;  the  potash,  bran,  and  mtuhler  arc  tot| 
into   the  vat,  a  will-niiide   woodeu  tub  of   convenient  size,  and  Uien   the 
previously  very  finely  ground.    Cold  water  is  added  so  as  to  reduce  the  temp 
to  90"  F.,  and  that  temperature  is  maintained  constantly  by  means  of  n 
The  ingredients  are  well  stirred  everj^  twelve  hours.     The  vat  is  general 
use  in  forty-eight  hours  after  setting.     This  vat  does  not  work  Umgcr  U.j 
a  month,  and   iy   somewhat  expensive  on  account  of  the  polash.      Auoti 
Bo-called  Gernnui— vat  is   mueh  ujore  manageable,  and  may  be  worktHl   for 
)-earj&  witliout  eioptying.  being  freshened  up  as  required.    It  is  oomposed  of  tlw  i 
bwing  ingredients :— 2000  gallons  of  water  are  heated  to  130'  F.,  audther^arei 
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20  lbs.  of  crystals  of  soda  (common  carbonate) ;  2|  pecks  of  bran ;  and  12  lbs. 
of  indigo ;  the  mixture  being  well  stirred.  In  twelve  hours  fermentation  sets  in ; 
bubbles  of  gas  rise;  the  liquid  has  a  sweet  smell,  and  has  assumed  a  green 
colour.  2  lbs.  of  slaked  lime  are  now  added  and  well  stirred,  the  vat  is  again  heated 
and  covered  up  for  twelve  hours,  when  a  similar  quantity  of  bran,  indigo,  and  soda, 
"with  some  lime,  are  added.  In  about  forty -eight  hours  the  vat  may  be  worked ;  but 
as  the  reducing  powers  of  tlie  bran  are  somewhat  feeble,  an  addition  of  6  pounds  of 
molasses  is  made.  If  tlie  fermentation  becomes  too  active,  it  is  repressed  by 
the  addition  of  lime ;  if  too  sluggisli,  it  is  stimulated  by  the  addition  of  bran  and 
molasses.  Like  all  the  other  blue  vats  for  wool  it  is  worked  hot.  Another  kind  of 
vat  may  be  called  the  woad  vat,  because  a  considerable  quantity  of  woad  is  added  to 
it.  and  also  madder,  which  in  this  case  acts  simply  by  reason  of  tlie  saccharine 
matter  it  contains.  The  proportions  are : — Pulverised  indigo,  i  lb. ;  madder,  4  lbs. ; 
alaked  lime,  7  lbs.,  boiled  together  witli  water  and  poured  upon  the  woad  in  the  vat. 
After  a  few  hcmrs  fermentation  sets  in,  and  fresh  indigo  is  added  according  to  the 
depth  of  colour  required  to  be  dyed.  The  pastel  vat  is  set  with  a  variety  of  woad 
^hich  grows  in  France,  and  which  is  richer  in  colouring  matter  than  the  common 
woad.  It  is  possible  that  tlie  colouring  matter  of  the  pastel  adds  to  the  effect ;  but  it 
is  more  likely  that  while  it  furnishes  fermentescible  matters  useful  in  promoting  the 
flolation  of  indigo,  it  is  added  as  a  remnant  of  ancient  usage.  Before  indigo  became 
again  known  in  Europe  [the  dye  was  known  to  the  Greeks  and  llomaus),  in  the  17th 
eentury,  woad  was  tlie  general  blue  dye  material.  The  method  of  dyeing  tlie  woollen 
fibre  and  fabrics  is  very  simple.  The  wool,  thoroughly  wetted  out.  is  suspended  on 
frames,  and  dipped  in  the  vat  for  an  hour  and  a  half  or  two  hours,  being  agitated  all 
the  time  to  insure  regularity  of  colouring.  The  pieces  are  tlien  removed,  washed 
in  water,  and  treated  with  weak  hydrochloric  or  sulphuric  acids  to  remove  the  alkali 
Tetained.  As  regards  blue  vat  for  cotton  dyeing,  in  some  exceptional  cases  when 
thick  and  heavy  goods  have  to  be  dyed,  the  so-called  German  vat  is  used ;  but 
generally  all  calicos  are  dyed  blue  by  means  of  the  cold  lime  and  copperas  vat.  The 
materials  used  are  lime,  protosulphate  of  iron,  ground  indigo,  and  water.  The 
chemical  action  consists,  in  the  first  instance,  in  the  fonnation  of  sulphate  of  lime 
and  protoxide  of  iron ;  the  latter  substance  having  a  considerable  affinity  for  oxygen, 
removes  an  atom  of  it  from  the  blue  indigo,  converting  it  into  white,  which  dissolves 
in  the  excess  of  lime,  and  is  ready  for  dyeing.  The  proportions  are  as  follows : — 
900  gallons  of  water ;  60  lbs.  of  green  copperas  ;  36  lbs.  of  ground  indigo ;  80  to  90 
lbs.  of  slaked  lime,  stirred  every  half  hour  for  three  or  four  hours,  then  left  twelve 
hours  to  settle,  well  raked  up  again,  and  as  soon  as  settled  ready  for  dyeing. 

Saxony  Biu*.  As  already  stated,  indigo  dissolves  in  concentrated  sulphuric  acid, 
forming  (because  it  is  not  a  solution  in  the  ordinary  sense  of  the  word)  sulphindigotic 
acid,  which  is  employed  in  dyeing  wool  in  tlie  following  manner:— First,  i  part  of 
indigo  is  treated  with  4  to  5  parts  of  fuming  sulphuric  acid ;  next,  tliis  solution 
is  poured  into  a  vessel  containing  water;  and  into  this  mixture  flock  wool  is 
immersed  for  twenty-four  hours.  After  this  time  the  wool  is  removed  from  the 
vessel  and  drained,  and  transferred  to  a  cauldron  filled  with  water,  to  wliich  has  been 
added  either  carbonate  of  ammonia,  or  of  soda,  or  of  potash,  and  boiled  for 
some  time.  Tlie  solution  thus  obtained,  technically  known  as  extract  of  indigo 
or  as  indigo  carmine,  is  used  for  dyeing  wool  which  has  been  previously  mordanted 
with  alum     There  is  formed  on  the  wool  sulphindigotate  of  alumina* 
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"S2 flil^ "iUf*       In  order  to  recover  the  indigo  from  scraps  und  ntga  of  irooDtt| 
other  fabrics  djcd  indigo  blue,  the  materials  are  treated  with  dilate  Eu1phtmct| 
which  is  he^ited  to  loo**.     Tlie  wool  is  dissolved,  while  the  iudigci  is  left 
insoluble  sediment    Military  nnifomig  yield  from  2  to  3  per  cent  of  indiea.    Tb 
acid  solution  is  next  n<  utralised  with  chfllk,  and  a  sulphate  of  linv 
which,  owing  to  the  nitrogenous  matter  intermingled,  may  be  usefully  ^ 
man  are. 

^^^''Jo'wSSl"^*^  ^^^^^  ^s  <^y^<l  ^^^»  *^^  so-called  Prussian  blue  (ferrorr-— i-^ 
iron)  by  two  methods,  one  of  which  consists  in  snturating  the  wool  with  a  sc 
a  salt  of  peroxide  of  iron  (genenilly  tlie  persulphate,  or  preferably  the  p^r 
after  which  the  wmd  is  passed  through  a  solution  of  ferrocyanide  of  p.:  i^^v-j 
in  water,  acidulated  with  sulphuric  acid.  The  other  process  produciiig  ao^OftUfdiMil 
d^  France  is  based  upon  tho  decomposing  action  which  the  atmosphere  e&crts^Aii 
ferro-  and  ferri-cyanhydric  acids.  The  good8  are  immersed  in  a  aolatiou  of  etthcf  tk 
ferro-  (jeUow)  or  ferri-  (ruby  red)  cyanide  of  potosaium  (commonly  yellow  or  td 
prussiate)  in  water»  to  which  are  added  sulpliuric  ot^id  and  alum^  Aft^rwaitU 
goods  are  aged,  or  exposed  to  the  air  in  rooms  in  which  steam  is  aiw 
admitted  to  elevate  the  temperature  and  assist  the  action  of  the  oxygen  oi 
The  result  is  that  the  ferro-  or  ferri-  cyanhydric  acid  is  decomposed,  h 
acid  being  evolved,  while  there  is  deposited  on  the  fibres  of  the  woven  fabric 
cyanide  of  iron,  Prussian  or  Berhn  blue.  Meitzendorff  has  recently  iuti 
method  of  dyeing  this  blue  by  which  a  colour  is  produced  Tery  siniil 
obtained  by  the  socalled  Snxony  blue.  He  prepares  a  solution  contain! 
cyanide  of  potassium,  chloride  of  tin  (SnCl4^  tartaric  and  oxalic  acids  ;  this 
is  heated  and  the  wend  krpt  therein  for  some  time.  The  oxalic  *u'id 
the  Prussian  blue»  whicli  of  course  can  only  act  as  a  dye  when  dissciWrd, 
of  it  left  undissolved  being  lust.  The  tartaric  acid  increases  the  briUiafirr  of 
colour. 

^^•^Sld^wrlX"^       Fo^  this  purpose  logwood  is  boiled  in  the   dye-bf<k 
water*  and  to  the  decoction  are  added  alum,  cream  of  tartar,  and  sulphate  of  i 
The  wool  is  boiled  in  this  Jluid»  and  is  next  cleared  by  being  boiled  in  a  ! 
taining  logw<>tid,  tinsalt  fprotocldonde  of  tin),  alum,  and  cieam  of  tartar, 
dyed  in  this  manner  do  not,  as  is  tlie  case  with  the  indigo  goods,  become  i 
wear.    Instead  of  logwood,  archil  and  cudbear  are  frequcutly  used  for  son 
fast  colours. 

Uftiag  y*uow.       On  the  Continent,  weld,  which  has  become  quite  obsolete  1 
yellow    on   wool  in   tlie    United   Kingdom,    having  been   entirely   sup 
quercitron  bark,  is  still  used  for  producing  a  yellow  dye,  on  account  of  the  i 
weld,  when  brought  into  contact  with  an  alkali,  becomes  less  red-coloured  1 
the  case  witli  Ihe  other  yellow  dyes. 

In  dyeing  with  weld  its  colouring  matter  is  extracted  by  water,  and  the  da 
added  to  the  goods  intended  to  be  dyed.    With  fdum  it  dyes  a  very  fine  chaf-y^U 
tolerably  pennauent  in  soap,  but  not  resisting  air  and  light.   Weld  ha£^  noi  i 
one-fourth  tlie  tinctorial  power  of  quercitron  bark,  and  on  this  atrcount,  i 
that  of  its  great  bulk  relative  to  its  weight,  it  is  not  used  in  xld^  country, 
y«llow  wood,  is  VLiy  extensively  empluyed  in  dyeing,  and  is  the  most  «ttit 
mjittf'f   fur  working  witli   other  colours   in   compound  sliades.      WiUt  alaiaiDaii' 
^oniiuita  it  gives  yvUow  of  an  orange  aliade ;  with  iron  mordants  it  giTcs  istiku, 
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preys,  and  olive.  As  a  yellow  colouring  matter  it  is  considered  to  be  of  far  less 
>ower  than  quercitron  bark  weight  for  weight,  wliile  it  is  also  inferior  in  purity  of 
lolour ;  but  as  fustic  withstands  the  action  of  acids  and  acid  salts  better  than  bark, 
t  is  used  in  greens,  blacks,  and  mixed  colours  where  yellow  is  required.  Young  or 
•Vench  fustic  (also  known  as  Venice  sumac)  is  used  for  imparting  yellow  to  merinos. 
L  golden  yellow  is  produced  upon  wool  with  either  picric  acid  or  Manchester 
'ellow. 

DTdnii  Wool  Bad.  Madder  is  the  chief  colouring  matter  employed  for  imparting  to 
irool  a  red  or  scarlet  colour.  The  process  of  dyeing  wool  with  madder  consists  in 
tiordanting  the  woollen  tissue,  fibre,  or  yam,  and  in  immersing  it  in  the  dye-beck 
ontaining  madder  with  water.  The  wool  is  mordanted  by  being  immersed  in  a 
rarm  solution  of  alum  and  cream  of  tartar.  The  dyeing  is  effected  by  placing  the 
lordanted  goods  in  the  dye-beck  or  madder-bath,  the  quantity  of  madder  being 
qnal  to  half  the  weight  of  the  woollen  goods«  In  practice  the  goods  are.  of  course, 
lowly  moved  into,  through,  and  out  of  the  dye- beck,  proper  mechanism  being 
provided  for  this  purpose.  After  having  been  dyed,  the  goods  are  thoroughly 
rashed,  so  as  to  remove  excess  of  dye  as  well  as  any  mechanically  adliering 
•articles  of  madder.  Dyeing  red  with  cochineal  is  effected  upon  wool  in  the  same 
lanner  as  with  madder.  Scarlet  is  red  with  a  yellowish  hue,  while  a  peculiar  hue  of 
Bd  is  termed  crimson,  often  produced  by  cochineal.  Woollen  fabrics  are  mordanted 
1  a  mixture  of  water,  cochineal,  cream  of  tartar,  and  tinsalt,  and  next  dyed 
y  boiling  with  more  cocliineal  and  tinsalt.  Wool  is  very  readily  dyed  w^ith  all  the 
ir-colours  (red,  blue,  green,  grey,  yellow,  brown,  violet),  the  afliiiity  of  wool  for 
lese  colours  being  so  great,  that  the  solution  of  any  of  these  pigments  may  be  com- 
letely  deprived  of  its  colouring  matter  by  contact  with  wool. 

OfMD  DjM.  Green  dyes  are  usually  obtained  by  combining  blue  and  yellow.  Wool 
I  first  dyed  blue,  and  having  then  been  mordanted  with  cream  of  tartar  and  alum,  is 
ycd  with  fustic,  or,  on  the  Continent,  ^vith  weld.  The  green  cloth  used  for  covering 
Llliard- tables  and  other  furniture  is  dyed  in  the  following  manner : — A  weak  d^coc- 
on  of  fustic  is  prepared,  and  into  this  some  Saxony  blue  is  poured,  while  there  is 
ext  added  alum  and  cream  of  tartar.  The  woollen  fabric  is  immersed  in  the  bath 
ad  boiled  for  two  hours.  It  is  next  thorouglily  washed  and  brightened  by  being 
gain  immersed  in  a  dye-beck  filled  with  a  fresh  fustic  decoction,  to  which  a  smaller 
uantity  of  Saxony  blue  has  been  added.  All  kinds  of  woollen  tissues,  worsted,  half- 
ool,  alpacas,  delaines,  &c.,  may  be  dyed  green  by  means  of  lo-kao  (Chinese  green), 
ad  iodine  green. 

BCbMd  sbadea.  Mixcd  shsdcs  are  produced  on  the  fabrics  by  means  of  cochineal, 
ladder,  French  fustic,  fustic,  in  a  manner  similar  to  that  used  for  dyeing  green. 
BiAck  Dyei.  Excepting  only  aniline  black,  all  black  dyes  may  be  considered  as  combi- 
ationsof  iron  with  tannic  or  gallic  acid  ;  but  tlie  best  and  fastest  blacks  on  broadcloth 
re  such  as  have  as  a  first  dye  either  madder  or  indigo.  The  woollen  goods  are  mor- 
anted  with  sulphate  of  iron  (green  copperas)  and  dyed  by  immersion  in  a  decoction  of 
»gD^ood,  galls,  sumac,  &c.  The  so-called  S6dan  black  (this  town  is  celebrated  for  its 
loth  manufacture)  is  produced  by  dyeing  the  clotli  blue  with  woad,  when  after 
ureful  washing  the  cloth  is  placed  in  a  dye-beck  containing  water,  sumac,  and  log- 
ood,  and  is  boiled  for  some  three  hours,  after  which  sulphate  of  iron  in  a  solution 
f  known  strength  is  added.  This  operation  is  repeated  until  the  cloth  has  assumed 
D  intensely  black  colour.    Half- fast  black  colours  are  produced  on  cloth  by  dyeing 
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tliera  blue  with  Prussian  blue,  after  wMch  the  opertttion  just  described  n 
Uirongh.     Common  black  is  produced  by  dyeing  witli  logwood,   suwiac,  aoine  foi 
and  a  mixture  of  green  and  blue  vitrioL     Cbromium  black,  invented  bv 
Niirt?mbt'r^.  is  obtained  in  the  following  muniier: — The  cloth  U  mord.- 
golution  of  bichromate  of  fH.»tfts!i  and  citani  of  tartar,  aft^^r  which  it  i^  dred  ; 
decoction  of  logwood.     The   so- called   pyrolignite   of  iron    (erode  acetate  of  i 
prnpared  from  scraps  of  old  iron  and  crude  acetic  acid)  is  now  very  generally  i 
a  mordant  instead  of  the  i^reen  copperas.    This  acetate^  also  known  as  black  orl 
liquor,  is  prepitred  on  the  larjije  scale  and  sold  as  a  hquid  at  a  sp,  gr,  of  i  oo  lo  I'l 

wiateOoth.       This  cloth,  in  use  eapecinUy  for  military  uniforms,  is  ohtjr 
thoroughly  washing,   fulling,   and  carefully   sulphuring  the   cloth,  wli 
passed  throu^di  a  bath  caiitaiiaug  chalk  and  a  small  quantity  of  size,  all<!r  ^ 
it  is  dried,  beaten,  and  well  brushed. 

tLUkHrting.       Silk  IS  usuallj  dyed  in  skeins  unspun,  but  having  been  first  d© 
CAted,  that  is  to  say,  deprived  of  the  layer  of  gummy  matter  which  forms  the  < 
covering  of  cfxroQU  silk.    It  is  then  scour*Hl,  blpuched,  and  sulphured  :   th«t  latUr  c 
when  the  silk  is  to  be  dyed  with  very  bright  colours  and  delicate  light  hues. 
djed  in  cold  dye  soliitioiis.     It  is  dyed  black  by  any  of  tlie  following  processes :- 

1,  L<jgwot>d  and  iron  mordant; 

2,  Logwood  and  bichromate  of  potash ; 

3,  Galls  and  other  substances  containing  tannic  acid  with  iroa  salts  aa  I 

4,  Witli  aniline  black,  Recording  to  the  recipes  of  Persoz,  jun,,  und  0iheT$,hfi 

use  of  chromate  of  copper  and  oxalate  of  aniline. 

The  first  and  second  are  simply  known  as  orrlinnry  blacks,  while  the 
known  as  fast  black,     Tiic  ordinary  bkick  is  obtained  by  simply  tnord  anting  I 
with  nitrate  of  iron,  and  then  dyeing  it  in  a  decoction  of  logwood.     Tliis  t 
is  more  pj^rticukrly  applied  to  light  silken  fabrics.     The  colour  is  i    '  ' 
weak  acids,  such  as  lemon  and  orange  and  other  fruit  juices.     The 
more  expensive,  but  it  is  not  affected  by  weak  acids,  while  it  afhirila  Ui*-  iMldffl 
advantage  of  largely  increasing  the  weight  of  the  silk  fin  raw  state  as  well  ua  in  I 
yam  silk  is  sold  and  bought  by  weight),  as  this  textile  fibre  absorbs  frojo  6o|o| 
and  even  100  times  its  own  weight,  and  silk  nsed  for  shoe -laces  even  22$  per  i 
the  dye  materiuL     When  desired  the  silk-dyer  has  to  return  for  loci  lbs  ufttmi 
frnm  160  to  t8o  or  200  lbs,  weig)it4?d  hlack-dyed  silk.    In  Germany  an  indigmoS^ 
gall,  locally  knowTi  as  Knoppt^ru^  French  ailJftnde^,  containing  some  30  to  50  per* 
of  tannic  acid,  is  usrd  in  the  extract  to  dya  silk  bhtck.       In  Englaiiid   ttiit-| 
imported  from  the  Levant  are  employed  for  tliis  purpose.    Although  the  inc. 
weight  of  the  silk  by  black  dyeing  is  ndvantngeoua  to  the  dealers,  the  df.*|K«iti<4 
BO  much  foreign  matter  in  the  fibre  of  the  silk  not  only  injures  its  wcunn;^'  qiMi 
but  also  gives  nse  to  the  disagreeableness  of  tlie  dyeing  coming  off  whili<  th*^  i 
rial  is  being  worn.     Microscopic  research  has  proved  that  the  dye  adheres 
loosely  to  the  silk.     The  process  of  dyeing  silk  black  with  galls  is  ver^  simple, 
fibre  is  first  steeped  in  a  solution,  or  rather  infusiodecoction,  of  galls. 
known  us  **  galling,"  after  which  the  silk  is  placed  in  a  solution  of  mtrate  of  1 
Tins  black  is  sometimes  dyed  on  silk  previously  dyed  with  Prussian  blue,  b«lj 
more  frequently  a  bluish  shade  is  given  to  black  by  first  dyeing  Ui9  ailk  wUK  3 
Wood,  copperas,  and  some  sulphate  of  copper. 

As  regards  the  weighting  of  the  silk,  it  is  essentially  due  to  the  fact  that  siflr,  W" 
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imal  product,  has  the  property  of  combining  with  tannic  acid  and  thereby 
ing  heavier.  The  larger,  therefore,  the  quantity  of  tannic  acid  contained  in 
e-bath,  or  the  oftener  the  galling  of  the  silk  is  repeated,  tlie  heavier  the  fibre 
;come  within  certain  limits.  It  is  not  quite  indifferent  whether  a  per-salt  or  a 
salt  of  iron  be  employed,  the  former  being  preferable.  The  previously  galled 
ecomes,  when  passed  through  a  solution  of  a  per-salt  of  iron,  at  once  coloured 
;  but  when  it  is  passed  through  a  solution  of  a  proto-salt  of  the  same  metal,  the 
icomes  at  first  coloured  only  black-violet,  and  gradually  deep  black  by  exposure 
Although  in  every  case  the  result  is  the  same,  the  use  of  a  per-salt  is  advan- 
IS,  and  becomes  necessary  witli  a  small  quantity  of  tannic  acid,  while  for  a 

weighting  of  the  silk,  the  proto-salt  of  iron  only  can  be  employed.  It  is  stated 
ae  dyeing  of  silk  with  aniline  black  by  means  of  chromate  of  copper  and  oxalate 
line  yields  excellent  results.  Silk  is  dyed  blue  either  with  indigo,  Berlin  blue, 
od,  or  aniline  blue.  The  indigo  vat  has  not  been  much  used  for  imparting  a  blue 
'  to  silk  since  the  discovery  of  fixing  Prussian  blue  upon  silk ;  and  if  indigo 
d  at  all  it  is  as  indigo  carmine,  or  the  so-called  distilled  blue,  purified  sulphin* 
c  acid.  In  order  to  dye  silk  with  Prussian  blue,  it  is  first  immersed  in  a 
Dn  of  nitrate  of  iron.  This  salt  is  generally  in  use  in  England,  while  in  France 
lulphate  of  iron  made  by  dissolving  green  copperas  in  nitric  acid  is  employed, 
mown  under  the  name  of  Raymond's  solution,  the  blue  produced  being  termed 
tend  s  blue;  Napoleon  ULoe  is  produced  by  the  addition  of  a  tinsalt  to  the  iron 
followed  by  treatment  with  a  solution  of  ferrocyanide  of  potassium  acidulated 
nilphuric  acid.  The  latter  blue,  more  brilliant  than  the  former,  is  usually 
red  in  England,  a  tinsalt  being  invariably  added  to  the  iron  mordant.  The 
intedsilk  is  next  passed  through  a  boiling  soap-solution,  then  waslied,  and  next 
$d  in  a  solution  of  ferrocyanide  of  potassium  acidulated  with  hydrochloric  acid, 
ihlliancy  of  the  dyed  silk  is  greatly  enhanced  by  passing  it  through  water  con- 
,g  ammonia.  Dyeing  silk  with  aniline  or  naphtlialine  blue  is  a  very  simple 
5S,  it  being  only  necessary  to  put  the  silk  into  a  solution  of  the  dyes, 
olvent  being  alcohol  or  wood-spirit,  or  in  the  case  of  soluble  aniline  blue, 
.  The  silk  is  left  in  the  solution  until  it  has  assumed  the  desired  hue.  Until 
.scovery  of  fuchsin,  silk  was  always  dyed  red  and  pink  by  means  of  cocliineal, 
*'er  (cartliaminej,  and  archil;  but  now  silk  is  generally  dyed  with  fuchsin, 
ine,  and  Magdula  red  (naphthaline  red).  The  process  is  as  simple  as  that 
escribed  for  aniline  blue.  Aniline  red  is  the  brightest,  purest,  and  deepest  of 
d  dyes  for  silk,  but  it  is  not  so  fast  as  Magdala  red.  Arcliil  is  still  largely  used, 
ailine  violet  or  mauve  is  in  close  competition  with  it.  Yellow  is  produced  upon 
y  first  mordanting  witli  alum  and  dyeing  in  a  decoction  of  weld,  to  which,  if  it 
isired  to  impart  an  orange  hue,  some  annatto  is  added,  or,  preferably,-  Man- 
gr  yellow.  By  cautious  treatment  with  nitric  acid  silk  may  be  dyed  yellow, 
xanthroproteic  acid  being  formed,  while  without  any  mordant  picric  acid  pro- 

a  bright  lemon-yellow  on  silk,  the  colour  becoming  deeper  by  treatment  with 
es.  Ordinary  green  is  produced  upon  silk  by  dyeing  it  yellow  by  means 
lier  weld,  quercitron,  fustic,  or  picric  acid,  and  tlien  dyeing  it  blue  with  indige- 
ne, aniline  blue,  or  sulphindigotic  acid.  Fast  green  is  obtained  by  dyeing  the 
lue  with  Bleu  Raymond,  and  next  treating  it  with  fustic.    During  the  last  few 

aniline  green  (emeraldine)  has  been  generally  used  for  dyeing  silk  green.  Lilao 
»duced  upon  silk  by  means  of  aniline  violet,  archil,  or  logwood  and  tinsalt. 
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Cftuc«  i»yeiiif.  Ciittim  is  dyed  either  in  rarn  or  woven  fabric,  but  more  g€fim!l^l 
jram.  Cottun  is  far  more  difficult  to  dye  than  wool,  and  requirea,  espt?rml}y  tor 
obtaining  fast  coll  ►ar 8.  stronger  mordanta.  Blue  is  produced  iipan  cott6ti  {oilieott 
is  termed  in  fabric!  by  means  of  the  copperaa-vat  (see  Indi|^o) ;  farther  by  Berlin m* 
Prussian  blue,  lo^iwond,  and  green  copperas;  and  finally  by  being  passed  tljrougii  g 
Bolution  of  o\idi!  nf  ropper  in  ammonia ;  the  fibre,  yam,  or  tissue  exhibiting  i 
drying  a  beautiful  bright  blue  colour.  Yellow  is  pr<>dnc"ed  with  Avignon 
weld,  fusitie,  quereitrun,  annatto,  acetate  of  iron  (nnnltecnl,  and  chrom<-Ttll 
Green  is  obtoiued  by  the  copperas-vat  followed  by  dyeing  with  fustic.  Brown  is 
produr-ed  with  a  mil  of  iron  and  with  quercitron  or  madder,  or  simply  by  tneifit  d 
hj^drated  oxide  of  iiifiTiganeae.  Black  ia  either  fast,  aniline  black,  or  is  prodtieejl 
dyeing  blue  by  the  aid  of  the  eopperas-vaf,  next  mordimting  with  acetate  of  iron, 
then  dyeing  in  n  Imtli  consisting  of  galls  and  logt\-ood.  The  aniline  colours 
fixed  upon  cotton  only  by  the  aid  of  a  speeifio  mordant — a  solntioa  of  tauniit  tt 
alcohol ;  or  the  fibre  of  cotton  is  first  animalhM,  as  it  ia  termed ;  that  ia  to  i 
impregnated  with  either  albumen  or  casein,  the  fibre  being  to  a  certain  exl«A|  I 
similar  to  that  of  wool  or  silk  and  rendered  abst^rbent  of  aniline  dyes.  CoCtoftI 
be  mordanted  with  Gallipoli  oil,  or  with  soft-soap  for  certain  dyes. 

As  regards  tlyeing  cotton  and  cRlicos  red,  madder  is  the  chiof  dye  inatertaLl 
probably  at  no  diiitant  period  artificial  alizai'ine from  anthracen  wlU  become  an  imii 
materiaL     We  distinguish  between  ordinary  red  and  Turkey,   soinetltnes 
Andriuople  red  ;  the  fonuer  is  produced  upon  cotton  goods  mordaat««d  willi  i 
of  alumina  ^commonly  called  red  liquor  or  red  mordtuiti ;  the  hitter  is  obtaimij 
comphcated  mnnipuhition,  the  nitioftale  of  which  is  not  quite  elucidated  by  i 

TnsiivjRtA.  This  bt  ruitiful  and  very  faht  red,  improved  by  washing,  is  prtnluccdbf 
the  following  distinct  operations :— The  well-bleached  cotttm  goods  are  first  padM 
in  a  mixture  of  Galh|jt»U  oil  and  peorl-asli  containing  about  200  lbs.  of  oil,  40  lba.J 
pearl-ash,  and  100  gallons  of  water^  a  quantity  sufficient  for  about  4000  yai^C 
calico.  The  pietj^s  are  next  exposed  to  air  ia  summer  and  to  the  heat  of  a  stoi^f 
cold  weather  for  twenty  lour  hours ;  then  padded  again  in  a  mixture  of  oil, 
and  water,  and  li^-'aiii  dried  and  exposed,  and  so  on  for  as  many  as  eight  1 
treatments  for  durk  colours.  The  excess  of  oiL  or  rather  that  which  has  not  1 
change  hy  oxidation  au<l  the  iilkali  are  now  removed  by  steeping  in  an  alkaline  flil 
and  tlie  pieces  well  \va.->hctd.  The  next  process  ia  the  galhng  and  aluuning;  60] 
of  giomid  nut-galls  are  exhausted  w  itli  hot  water,  and  to  tliia  liquor  are  next  M 
120  lbs.  of  alum  and  10  lbs.  of  acetate  of  lead,  after  which  llie  liquor  ia  made  opi 
120  gallons.  The  pieces  are  padded  in  this  liquor,  dried,  and  aged  three  dayt^  \ 
fixed  by  pfissiug  in  warm  water  containing  ground  chalk,  being  next  w« 
dyed  in  madder  mixed  witli  a  little  stimac  and  with  bli>od.  For  dark 
colour  the  fabrics  undergo  another  galling  and  nluming  after  dyeing,  and  are  \ 
aged,  tixed,  and  dyed  a  second  time.  After  this  last  operation  the  goods  4 
very  heavy  brown  red  colour,  and  they  are  brightened  by  two  or  three  @oapin;^< 
passage  in  dilute  nitric  acid.  In  other  processes  sheeps'  and  i ' 
with  the  oil  and  other  modillcations  introduced,  Garancine  is  bii  _ 
red  dyeing.  By  its  use  the  operations  of  clearing  and  brightening  ',ant 
been  much  shortera^d.  All  tliat  has  been  suggested  as  regards  the  raii0nat$l 
Tarkey-rcd  dyeing  process,  and  more  especially  as  regards  the  action  of  tlse  GaUip 
(  nil  \htiile  tournanu,  an  inferior  kind  of  olive  oil  wliich,  wlieu  mixed  wiili 
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>n  of  pearl-ash,  should,  if  of  proper  quality,  form  a  perfect  emulsion,  which,  after 
'-four  hours'  standing,  should  not  exhibit  any  globules  of  oil  floating  on  the 
e),  is  not  sufficiently  substantiated  to  afford  a  secure  basis  for  further  reasoning. 
LiatB.  Linen  is  dyed  by  processes  similar  to  those  in  use  for  cotton,  but  owing 
peculiar  structure  of  the  flax  fibre,  its  affinity  for  dyes  is  much  lower  than  that 
on. 

The  Printh^o  or  Woven  Fabrics. 

RricT*'**  This  very  important  branch  of  the  dyer's  art  aims  at  producing 
ed  patterns  upon  calico,  linen,  and  woollen  and  silk  tissues.  'Calico  printing  is 
>8t  important  portion  of  this  industry,  which  is  based  upon  the  same  principles 
iing,  but  is  in  tlie  practical  execution  far  more  difficult,  partly  because  the 
s  have  to  be  applied  to  certain  portions  only  of  the  fabric,  while  others  either 
1  colourless  or  are  discharged,  partly  also  because  it  frequently  happens  that 
colours  have  to  be  applied  close  to  each  other.  The  colours  employed  in  calico 
ig  are  of  two  different  kinds ;  first,  such  as  are  directly  applied  to  the  cloth  by 
1  of  blocks  or  plates  upon  which  the  patterns  and  designs  to  be  produced  upon 
lico  are  engraved — to  the  colours  thus  applicable  belong,  also,  the  ochres, 
.  blue,  madder-lake,  indigo,  cochineal,  and  most  of  the  tar  colours ;  secondly, 
ler  kind  of  colours  are  such  as  are  produced  by  immersing  the  calico  printed 
arious  mordants  in  dye-baths — madder,  cochineal,  logwood,  weld,  sumac,  cutch, 
jlong  to  this  category. 

re  exist  various  methods  of  printing,  of  which  the  following  are  the  chief : — 
From  the  thickened  and  mordanted  colours. 

The  thickened  mordant  only  is  applied  by  means  of  engraved  popper  cylin- 
ders to  the  clotli,  which,  after  the  mordant  has  been  thoroughly  fixed,  is  put 
into  the  dye-beck. 
The  entire  piece  of  cloth  is  either  mordanted  or  a  colour  is  printed,  while  to 
such  portions  of  the  cloth  as  are  to  remain  white  or  are  intended  to  be 
afterwards  of  another  colour  or  colours,  or  pattern,  a  resist  is  applied, 
sometimes  printed  from  blocks,  or  more  frequently  from  cylinders,  the  effect 
being  that  on  the  portions  of  the  cloth  thus  protected  the  dye  does  not 
become  fixed. 
.  Coloured  patterns  may  be,  and  in  practice  are,  largely  produced  by  first 
dyeing  the  mordanted  cloth    (calico   nearly  always  requires  a  mordant) 
uniformly  with  one  colour,  and  removing  this  colour  in  certain  portions 
of  the  clotli   by  what  are  technically  termed  discharges,  that  is  to  say, 
chemicals  which  destroy  the  dye. 
>rder  to  fix  certain  kinds  of  colours  they  have  to  be  submitted  to  the  action  of 
(steam  colours) ;  while  such  inorganic  substances  as  ultramarine,   emerald 
&c.,  or  among  the  semi-organic,  the  lakes  of  madder  for  instance — which  are 
d  mechanically  by  the  aid  of  albumen,  caseine,  gluten,  and  also  require  for 
the  aid  of  steam — ore  technically  termed  surface-printed  colours. 
lU.      The  mordants  employed  in  calico  printing  are  chiefly  such  salts  as  are 
ratively  loose  combinations  of  acid  and  base,  so  that  the  latter  can  readily  unite 
tie  fibre.    Among  the  mordants  chiefly  used  the  acetates  of  alumina  (see  p.  263) 
cm  occupy  a  first  place,  while  alum  or  a  solution  of  aluminate  of  soda  is  more 
used.    Acetate  of  lead  is  the  mordant  for  producing  chromate  of  lead ;  various 
40 
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-Tatiotude  of  this  process  is  the  following: — As  soon  as  the  reduced  indigo  (white 
indigo)  in  the  vat  comes  in  contact  with  the  oxide  of  copper,  it  is  converted  at  the 
expense  of  the  oxygen  of  the  oxide  into  blue  indigo,  which  is  precipitated  in  insoluble 
Btat«  on  tlie  resist.  By  the  treatment  with  dilute  sulphuric  acid  the  hydrated  sub- 
oxide  (red  oxide)  of  copper  is  dissolved,  and  with  it  the  indigo  blue  washed  out. 

Instead  of  the  salts  of  copper  white  resists  are  used,  and  composed  of  bichloride  of 
mercury  and  sulphate  of  zinc ;  the  former  acts  in  a  manner  similar  to  the  salts  of 
oopper,  while  the  latter  enters  into  an  insoluble  combination  with  the  reduced  (white) 
indigo,  which  is  precipitated  wliere  the  resist  has  been  applied. 

SiMteifM:      Discliarges  are  for  tlie  purpose  of  producing  by  chemical  means  white 

patterns  on  certain  parts  of  the  dyed  cloth.    This  end  may  be  attained  by  dissolving 

a  previously  applied  mordant  or — as  is  tlie  most  usual  metliod — by  destroying  or 

■discharging  the  dye  wliich  has  been  distributed  over  the  whole  surface  of  the  cloth. 

As  regards  the  first  method,  certain  acids — pliosphoric,  arsenic,  lactic,  oxalic,  hydro- 

flnosilicic  acids — are  made  to  combine  with  the  base  contained  in  the  mordant; 

while  for  tlie  purpose   of   discharging  the  previously  applied  colour,   there  are 

.vsed  such  substances  as  bleaching-powder,  chromic  acid,  a  mixture  of  red  prus- 

.  aiate  of  potash  and  caustic  soda-ley,  permanganate  of  potash,  a  paste  composed 

■  of  bromine  mixed  with  water  and  pipe-clay,  nitric  acid,  &c.      All  these  agents  have 

an  oxidising  effect,  whereas  protochloride  of  tin  and  protosulphate  of  iron,  also  used 

§011  this  purpose,  acting  by  absorbing  oxygen,  are  reducing  substances.    Among  the 

jtfUDiMiuufei.    acids,  tartaric  acid  is  generally  used  for  the  purpose  of  discharging 

■Imnina  and  oxide  of  iron  employed  as  mordants ;  sometimes  tliis  acid  is  mixed  with 

Insiilphate  of  soda.    A  piece  of  cloth  dyed  red  or  blue,  to  wliich  is  in  certain  parts 

allied  a  mixture  of  tartaric  acid,  pipe-clay,  and  gum  (the  latter  as  tliickening 

to  give  consistency),  becomes  immediately  bleached  when  the  cloth  so  prepared  is 

immersed  in  a  solution  of  bleacliing-powder. 

OxidWn|A«enu u  Qf  jj^jg  fluoride  of  potassium  has  been  used  as  a  discharge  for 
Berlin  blue.  The  discharging  of  indigo  blue  by  oxidising  agents  is  due  to  the  for- 
mation of  isatine  from  tlie  indigo  blue,  the  former  being  soluble,  the  latter  insoluble 
in  water,  so  that  the  soluble  substance  can  be  removed  by  washing :— r 

CieHxoNiOa+aO  =  CieHxoNaO^. 

* ., /  , " 

Indigo  blue.  Isatine. 

Indigo  is  discharged  by  chromic  acid,  employed  in  practice  as  bichromate  of 
potash,  the  acid  being  reduced  while  giving  off  oxygen  to  chromic  oxide.  More 
recently  Mercer  has  proposed  to  bleach  goods  dyed  with  indigo  by  the  application  of 
a  mixture  of  potash  and  ferricyanide  of  potassium ;  for  tliis  puri)ose  the  indigo-dyed 
eloth  is  soaked  in  a  solution  of  red  piussiate  of  potash,  and  then  caustic 
potash  thickened  witli  British  gum  is  printed  on.  The  potash  converts  the 
ferricyanide  into  ferrocyanidc,  and  by  the  oxygen  tlius  set  free  the  indigo  blue  is 
eoverted  into  isatine : — 
Ferricyanide  of  potassium,  4K3FeGy6] 
Caustic  potash.  4KOH  I  yield 

Indigo  blue,  CieHxoNjtOa  J 

••*^g^«*«"  Protochloride  of  tin,  known  as  crystals  of  tin  and  as  tinsalt,  is  the 
most  important  of  the  reducing  agents  applied  to  goods  dyed  with  oxide  of  iron. 
When  the  protochloride  is  placed  in  contact  with  oxide  of  iron,  the  result  is  the  for- 
mation  of  readily  soluble   protochloride,   which  is  removed  by  washing,  while 


Ferrocyanidc  of  potassium,  4K4FeCy 5. 
Isatine,  CieHioNaO^zIIaO. 


elt 
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BimultAneoualy  tliere  is  depoaited  on  the  fibres  of  the  cloth  stannic  acid  (fl 
TCcUy  proto-peroxidr  of  tliii.  whicii  may  serve  as  u  mordant  for  red  and  yel 
cyiM  rttatuif .       CaUcos  may  be  printed  by  : — 

1.  Dj^iny  in  the  dye-beek. 

2.  By  bb>ck  or  cylinder  priDting  (topical  calonr-printing). 

3.  By  resist  or  diacJiarge  printing. 
Jn   the    proc(?a8  of  dyeing  in  the  dye-beck  (tnadder  style)  the    tliickefic^ 

iant»  to  wliich  UBtirtlly  t^ofne  faint  c^jlouring  matter  is  added  for  tlie   purpose  gf 
t^ogiiition    (llie    rcjider  sliould  bear  in  uiind   that  the  mordants    are   eAloQ 
or  at  least  nearly  sou  the  pattern   produced  on  tlie  white    calico   is  itap 
by  the   aid   either  of    blocks  or  cylinders,   tipon  which   the  desired    pattefj 
engraved. 

The  process  of  block  printing  takes  place  tipon  a  table  over  which  m  |>ieee  of  ( 
woollfti  doth  i&  strtitchfd.     The  calicu  to  be  printed  ia  laid  on  litis  cloth,  and  1 
aid  of  bbx'kti  the  mordj*nt  is  tiaiiaferred  to  the  calico.    The  blocks,  made  of  p«-i 
wood,  bux-wood,  or  fir- wood,  have  the  pattern  engraved  en  reiief^  or  wrooght  byi 
of  brass  wires  fastened  in  the  wood  in  such  a  manner  as  to  fumi  a  certaiiii  figure.  | 
former  blocks  are  called  engraved,  the  latter  dotted  or  sb'ppled  blocks,  while  m  \ 
cases  tlie  two  methods  are  used  simultaneously.     In  order  to  distribute  the 
unifonnlj  a  Irame  or  chase  is  employed,  on  which,  by  means  of  nails,  a  stout  ] 
canvas  is  stretched ,  tlie  frame  being  made  to  float  on  the  top  of  m  thick 
of  gum  or  linseed  mucilage,  placed  in  a  suitably  constructed  vesscL     On  a 
piece  of  oil -cloth  is  fastenud  to  prevent  percolation  of  the  tlnid  ;  next  the  i 
brushed  over  the  cloth  of  the  frame  quite  uniffmnly-    The  printer  puts  his  1 
the   cloth   thoroughly  moistened   witli   mt^rdant,  so   that  the   projecting   cag 
portions  of  the  block  becomi?  duiformly  niv:>i$tent.*d,  and  tlte  block  having  been  tfi& 
ferred  to  the  calico  is  pressed  thereon,  the  pressure  aided  eitlier  by  a  smtxi  1 
given  by  the  printer's  list  or  by  a  wooden  mallet,  care  being  taken  to  priuii 
portion  of  the  engraving'  equally  on  to  tJie  woven  fobric.     When  scTeral 
ore  placed  on  to  tlie  frame  by  tlie  aid  of  separate  brushes  and  thence  printed  \ 
the  cloth,  tlie  reeult  is  tl^c  production  of  the  so-called  tm  m  fimdu  prista.    !ii« 
to  accelerate  the  operation  of  printing,  machinery  is  now  usual — forr  instmidfl^l 
P«rroline»    invented   by  Perrot,   at   Rouen,    in    1S53.      Tliis  macldne   worka 
*^  -  r  wooden  formes  (Perrotine  formes  upon  which  tlie  pattenis  are  I 

patterns  being  CMst  in  a  manner  similar  to  stereotype  plates,  1 
iiiy  fusible  metallic  alloy.     The  amingement  of  this  machine  is  of  { 
*'"  '  "ffnes  are  as  wide  as  the  cloth  intended  tube  printed.     Instead  ef  I 
printing  has  become  general.     The  cylinders  are  made  of  o^n 
Tii    pattenx  is  engraved.     The  cylinders  are  revolved  in  a  frau 
linery      By  the  aid  of  a  wooden  cylinder  covered  with  clo 
•*s  :ng  the  mordant*  the  copper  cylinder  is  fed  with] 

.'  lil '  ,  known  tecbnirally  as  the  doctor,  scrapes  off  from  I 

the  copper  cylinders  any  superfluous  colour,  which  is  thai  < 
I  portion  foiining  the  design- 

nied  cloth  casi  be  dyed  it  has  to  be  kept  for  eome 
na  and  iion    ^laoriUnta  may  combine  Intimately  with  the  i 
vt,  tlie  cloth  ^  belore  being  immersed  in   the  dye-heek.  1 
techmcally       ^jlo^h  as  cleansing ;  that  i&  to  say^  after  the  1 
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las  become  dry,  the  thickening  and  faint  colouring  matter  have  to  be  removed, 
er  with  any  mordant  uncombined  with  the  fibre.  For  goods  intended  to 
elder  dyed  tlie  cow-dung  batli  is  required.  Usually  some  chalk  is  added  for  the 
je  of  saturating  the  acetic  acid  or  the  mordant.  Although  all  calico  printers 
that  the  cow-dung  bath  is  necessary,  the  rationale  of  the  action  of  this  bath  has 

yet  been  explained.  According  to  Mercer  and  Blyth,  for  cow-dung  may  be 
:uted  certain  phosphates  and  arseniatcs,  and  tliese  chemists  propose  the  use  of 
tiate  of  soda  and  phosphate  of  lime.  More  recently  silicate  of  soda  has 
ised  instead  of  cow-dung.  In  England  cow-dung  is  no  longer,  or  at  least  only 
irely,  used.  After  the  goods  have  been  treated  with  cow-dung  or  its  substitutes, 
re  washed  and  then  dyed.  In  the  case  of  dyes  the  colouring  matter  of  which 
lily  soluble  in  water,  infusions  or  decoctions  are  used ;  cochineal,  quercitron 
weld,  safflower,  &c.,  are  thus  used.  But  other  dyes,  the  colouring  principle 
ich  is  less  readily  soluble,  sucli  as  madder  and  garancine,  are  put  with 
ater  into  the  dye-beck  in  which  the  mordanted  goods  are  immersed.  It 
ir  that  when  several  different  mordants  have  been  printed  on  to  the  cloth, 
1  different  colours  can  be  obtained  by  the  same  dye  material.  With  madder, 
(tance,  all  shades  of  pink  and  red,  black,  brown,  violet,  and  lUac  can  be  pro- 

when  alumina  and  iron  mordants  and  mixtures  of  these  have  been  used 
rdants.  As  the  dye  only  takes  where  the  mordant  has  been  applied,  it  can 
dily  removed  from  the  other  portions  of  the  cloth  ;  this  removal  of  superfluous 
effected  by  washing,  treating  with  bran  and  soap,  and  grass  bleaching  opera- 
tech  nically  termed  clearing.  In  some  cases  madder-dyed  goods  are  cleared 
lie  aid  of  solutions  of  bleacliing-powder  or  Javelle  ley  (see  p.  223).  Some  dyes 
e  in  order  to  become  bright  and  brilliant  the  operation  known  as  avivage  or 
ig,  but  of  a  special  nature ;  this  is  more  particularly  applicable  to  Turkey-red 
foods,  which  after  removal  from  tlie  dye-beck  are  submitted  to  a  boiling  under 
re  with  soap-suds  and  chloride  of  tin. 

or  Surface  Colour*.  The  proccss  of  applying  thickened  jolours  and  mordants 
aneously  is  knoTNTi  as  topical  or  surface  printing,  the  colours,  pigments,  being 
I  topical  or  surface  colours.  Of  these  two  varieties  are  known,  one  of  which 
ited  in  the  state  of  solution,  becoming  gradually  fixed  and  insoluble  on  the  fibre 
the  other  is  applied  in  tlie  insoluble  state  with  tliickening  and  plastic 
nces,  by  tlie  aid  of  which  the  colours  adhere  to  the  fibre,  so  that  by  simple 
ig  they  are  not  removed — ultramarine  is  applied  in  tliis  manner.  Many  of  these 
of  printing  require  for  fixing  as  well  as  for  clearing  the  application  of  steam, 
which  they  derive  tlielr  name  of  steam  colours,  now  very  extensively  used, 
rinted  goods  are  dried  for  two  or  three  days,  and  next  stretclied  on  frames,  and 
rranged  exposed  to  the  action  of  steam  at  100°.  in  properly  constructed  rooms, 
tngth  of  time  this  operation  is  continued  depends  in  practice  upon  several  con- 
»,  and  varies  in  different  establishments,  but  is  generally  twenty  to  forty -five 
38  at  a  time.  The  precise  action  of  the  steam  is  not  well  known.  China  blue, 
ig  its  name  from  a  resemblance  to  the  colour  of  old  china  ware,  is  produced  by 

complex  process,  of  which  the  following  is  a  brief  outline.  The  indigo  in  its 
il  state  is  very  finely  ground  and  mixed  with  deoxidising  bodies,  such  as 
ite  of  iron,  acetate  of  iron,  orpiment,  or  protochloride  of  tin,  and  thus  applied  to 
oth ;  the  goods  thus  printed  are  aged  and  afterwards  dipped  into  clear  lime- 
;  this  serves  to  **  wet  out "  and  to  form  an  insoluble,  or  at  least  difficultly 
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soluble,  compound  of  the  gum  paste  or  starch  of  Uie  tliickening  witli  the  lime 
piece  is  next  phicccl  in  tlie  copperas  vat  for  ten  minutiis,  the  lime-initeT  wb 
adheres  to  the  clotli  precipitotinj^  a  little  oxide  of  iron  over  ita  whole  surface.  1 
does  not  appear  thut  the  slij^hUi^t  dissolution  or  deoxidudon  takea  place.  The  ] 
is  now  takun  to  the  Uiu«  vat  again,  in  vvluuh  it  is  gently  moved  alK»ut ;  by  tht»( 
lion  the  iudigo  is  deoxidized  and  dissolved^  hut  does  not  spread  beyond  the  d« 
for  the  reason  that  it  is  surrounded  with  fibres  saturated  with  water  and  < 
giuu,  while  by  the  excess  of  lime  present,  the  solubility  of  tlie  deoaddis«d  ; 
greatly  lessened.  The  piece  is  again  dipped  into  tlie  copperas  vat  luid  a^a 
lime  vat  several  times,  the  last  dip  being  in  lime  for  a  long  time.  The  gCNX 
coated  witli  a  cream  of  lime,  are  put  into  clean  water^  and  afterwar<l8  Lnlal 
acid,  then  washed  and  cleared  in  weak  soap  and  warm  weak  acid.  China  Un 
fast  colour,  but  verj-  dark  shades  cannot  be  obtained  by  thia  process,  whicli  i«  J 
costly  on  account  of  the  time  and  labour  it  requires.  Steam  blue  is  ohti 
printing  with  a  solution  of  ferrocyauide  of  potii-ssium  tliickeDed  with 
acidulated  with  tartaric  acid  and  a  small  quantity  of  sulphuric  acid,  after  wl 
calico  is  dried,  aged,  and  lustly  steamed.  Yellow  is  produced  by  6rfil| 
the  gfx>ds  with  acetate  of  lead,  and  next  passing  them  through  a  solution  of  bii 
of  potash.     Green  is  produced  with  a  mixture  of  ehromate  of  lead  and  Berlin  1 

piMtiMie  Bt}i«.       Ae  employed  in  practice  on  tlie  large  scale,  tli«  term 
given  to  a  composition  which  has  the  power  of  bleaching  or  dlschargiitg  tht  < 
already  comiounicated  ti7  a  fabric.      The   discharging  of  mordants  by   the 
agcTits — ehiefl^v  aL'ids— whieli  dissolve  or  otlierwise  render  ineifi^tive  the  con 
of  the  mordants,  sehlom  iiccurs  in  practice,  and  only  then  a  few  special  etyt<t. 
a  rule,  discharge  is  effected  with   uniformly  dyed  goods,  more  especially  iiidigtf| 
Turkey -red  dyed  fabrics,  upon  which  it  is  desired  to  produce  wliite  p9ittem& ; 
sometimeH  upon  a  portion  of  the  white  ground  tlms  obtained  other  col.  ■  i 
The  ftgents  tised  to  produce  the  discharge  vary  with  tits  dye  which  h  i| 

well  as  with  the  colour  afterwards  de^'ired  to  he  produt^t^d  on  th«  whtttj  ^rod 
while,  moreover,  the  discharge  ought  not  to  injure  the  fibre  of  the  i^lnth.  0% 
tartaric,  citric,  more  or  less  dilute  sulphuric  and  hydrochloric  acids,  bh 
of  potash,  nitrate  of  lead,  solutions  of  bleachingpownier.  weak  chlorine  waUff.  j 
bichloride  of  tin  are  used,  being  properly  thickencKl  with  suitalde  mat^riiila, 
s  80  contrived  as  to  serve  as  mordants  for  cohjurs  to  be  subsequently  i 
Qce,  for  blue,  a  mixture  of  tartaric  atud,  Berlin  blue,  liu^alt.  farina,  j 
^tiBed  :  for  yellow,  nitrate  of  lead  with  tartaric  acid,  s^tareU,  and  wattf^ 
mixture  of  yellow  and  blue ;  for  black.  «i  logwoml  decoction  to 
f  of  iron  has  been  added.  The  pieces  thus  prepared  (these  discliargiNi  h^ 
printed  on)  having  been  put  into  and  passed  through  a  aolution  of  ' 
ne^  the  dye  previously  npplied  is  destroyed  where  tl>e  discharge  ia  prio 

i  r  new  colour  is  prndueed  according  to  the  pattern.     Chromic  HiTidJ 
lilt  ion   of   bicromate    of  pransh,  is    &f>meUmua    usc^    att   a   dia 
' Ilium  ])ri>due*:^d  yiehliuR  a  brown  colour. 

As  regards  tlie  application  of  these  colours  to  calico  prlnttng 
st««Am  cfdours.  Tfie  printing  and  tixinj^  is  effected  b 
:iMj  thickened  mordant  is  printed  on,  ojul  next  ait«d  m 
il  eteimiiDg  after  drying,  tlie  fabric  being  dyed  in  n  solution^ 
ft'd,  viulet.  bluejt  the  colour  becomiutf  Exed  to  tlie  mordauitcilr 
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only  of  the  calico.  2,  The  Uuclieoed  mordant  is  mixed  witli  the  aniline  dye,  tmd. 
UiQs  priDt<3d»  aud  tlie  fixing  effected  by  Bteaming,  The  mordants  for  these  coloura 
arv : — ^Dried  albumen,  hloud  albimien,  viz.,  tlmt  bleachcid  by  tlitr  action  of  ozone 
ahiained  by  nieauH  of  oil  of  tui-peiidne ;  vegetable  glu ton  in  various  forms,  for 
iii>  ranee,  thut  dinsidved  according  to  W.  Crum's  pltiu  in  weak  caustjc  soda  Ivy,  or 
»*rcunling  to  ScliLurerKott  in  a  weak  acid,  or  gluten  dissolved  in  saccharate  of  lime 
according  to  Li^8-Bod«rd,  or  finally  glnttin  diBt:K)lved  by  incipient  putrefuctiun,  03 
suggested  by  Hanon.  Instead  of  gluten  caaeine  may  be  used  dissolved  either  in 
caastic  ley  or  in  acetic  acid  ;  glue  and  tannate  of  glue  are  ako  used  iKublnjann  and 
Xiij^htfootK  Other  mordants  hr  tliese  colours  ftre  tannic,  fat  oils,  and  pn^parations 
thereof,  as  oleosulpluiric  iicid,  pulraatino-  and  glycerin-sidpharic  jtcid,  Fnrther, 
certain  resins,  among  which  shellac  dissolved  in  borax  is  one, 

Glutt  n  IB  largely  obtained  as  a  by-product  of  the  preparation  of  «(arch  from 
Vheuten  or  other  flour.  When  required  for  use  as  a  raordjint,  the  gluten  is  allowed 
to  remain  in  moist  stat^,  and  by  incipient  putrefnction  becomes  sour,  and  hence  fluid. 
Tlie  mass  is  purified  by  first  treating  it  with  cnrbonftfe  of  soda  ;  5  kilos,  of  the  sour 
gluten  require  for  saturation  about  560  grms.  of  a  carbonate  of  soda  solution  at 
I  15  sp.  gr».  whereby  the  gluten  is  again  rendered  insoluble,  and  after  having  been 
washed  IS  re-dissnlved  ui  caustic  soda  ley,  5  kilos,  of  the  gluten  requiring  435  gnus. 
s£a  caustic  soda  tiolution  at  1  080  sp.gr.  This  solution  is  next  diluted  with  35  litrei^ 
r  water,  The  fluid  is  printed  on  t!ie  calico,  which  is  next  dried,  aged,  and  steame^M 
'  wliich  it  is  rinsed  in  water  and  dyed  in  a  solution  of  the  aniline  colour.  The 
tu  is  sometimes  mixed  witli  llie  aniline  colour  and  printed  on  with  it,  niter  which 
Sie  cahco  is  steamed  a  first  lime,  then  vvushed,  and  steamed  a  second  time.  Gluten 
be  used  without  the  preparation  with  carbonate  of  goda  by  leading  it  to  putrefy 
LU  hBB  become  very  fluid;  it  in  then  mixed  with  about  one4hird  of  its  weight  of 
Sc  soda  solution  of  tlie  above  i  080  sp.  gr.  When  caseine  (lactarine,  it  is  tech- 
[nically  termed  in  England)  is  used  for  mordanting  calico  previous  to  the  applicutioii 
Df  aniline  dyes,  it  is  dissolved  in  caustic  soda,  and  after  the  calico  has  been  printed 
|irith  tlds  mixture  the  aiiiUnc  cobmr  is  printed  on. 

The  metliod  of  printing  with  anilirje  colours  as  devised  by  (3)  Gratrix  and  Javal, 
lUSers  consideriibly  from  the  preceding,  and  consists  (a)  in  preparing  an  ins/^luble 
rjmpound  of  tlie  aniline  colour  with  tannic  acid,  which,  having  been  thickened  with 
enegal  gum,  is  printwd  on  to  the  cloth  which  has  been  previously  mordanted  with 
insalt  or  any  other   suitable  mordant;  or  (/?)  there  is  printed  on  the  previously 
lised   cotton,   tliat  is  to  say*   cotton  mordtinted   %vith  albumen,  laetarine,  or 
ftiten,  or  cotton  mordanted  with  tinsalt,  a  Uiickened  decoction  of  galls,  by  which  in 
f  first  place  a  tannate  of  albumen,  Ac,  in  t!io  second  one  of  tin,  b<ilh  insoluble  in 
|«rater,   are   formed.     The   calico   having  been   dried   is   tlien    passed   II trough  an 
cidulated  aniline  solution.    The  aniline' tannin  compound  mentioned  under  (al  is 
prepared  by  adding  to  an  aniline  solution  as  much  decoction  of  galls  I  better  still 
Ifialution  of  tannin)  as  is  required  for  the  complete  precipiUition  of  the  dye  materiaL 
[This  precipitate  is  coUeeted  mi  a  til  ter,  washed,  and  dissolved  in  al  col  lol  or  acetic 
[lieid,  and  having  been  tliickened  with  gurn.  the  solntion  is  used  for  printing,     ^\^len 
printed  the  goofls  are  steamed  and  washed  either  with  or  without  soup,  according  to 
the  shade  which  it  is  desired  to  give  to  the  colour.     A  red  colour  requires  a  soap- 
wash.    According  to  tlio  second  metliod  the  calico  ia  treated  with  a  solution  of  stan- 
I  luittt  of  soda,  after  which  a  thickened  solution  of  toimin,  or  a  tanmn-contaimng 
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niflterial  is  piiDted  on  to  the  cloth,  which  ia  steamed  and  the  mordant  hufk^r  fixfl 
The  dyeing  operation  in  carried  on  in  a  dje-beck  used  as  for  madder,  the  beek  ^v^ 
filled  witli  wnter,  acidulated  with  acetic  acid»  and  heated  to  50°.  Th«  dolh 
into  tliia  liquid,  and  graduaUy  the  dye  dissolved  in  acetic  acid  is  add^d.  W 
reqiiisito  quantity  of  the  dye  has  been  added,  the  contents  of  the  dje-beck  are  iM^kd 
to  tlie  boiUngiioint,  Aniline  black  ia  produced  (see  p,  579)  upon  the  cloth  byniMOi 
of  chlorate  of  potash,  chloride  of  copper,  ferric janide  of  animomuiD,  or  freahlj  ft^ 
eipitated  sulphuret  of  copper.  Naphthylamin  violet  (see  p.  583}  is  now  prodaoidly 
a  similar  process,  I 

Ho<iFi«Miiiir.  nDiahiag,  The  printed,  washed,  and  rongh-dried  cotton  foods  am  nal 
Mi4  DnMbic,  finished,  that  ia  to  f«j,  staitthed,  dried,  often  calendered,  hoi^iuati, 
folded,  and  again  pressed.  In  England  these  operations  form  a  distinct  braniSDcllli 
dyeing  art  iitiuaJIv  Dot  performed  by  the  printers.  For  chintz  uhiie  wax  is  added  tails 
hot  starch  iu  order  to  impart  a  better  gloss.  In  order  to  give  mnfilins  a  sotmewhal  1 
appearance  spermaceti  is  added  to  the  starch  while  being  boiled  with  water. 

Ptiatinir  LtDun  oooiU.       Linen  goods  are,  as  a  rule,  neither  djed  nor  printed,  and  only  1 
indi^o-dyed  articles  on  which  white  patterns  are  produced  are  m  the  trade*     As  rvgi 

MaOof  woaa»B  ooQdi.  printing  of  woollen  goods,  flannels  more  particularly,  block- [ 
is  most  frequent.    The  goods  are  mordanted  with  chloride  of  tiu.    The  fiilug  of  j 
the  colours  imparted  to  woollen  goods  is  effected  by  steamiug.    We  distinguish,  moRV^ 
in  the  printing  of  woollen  goods — i.  Golgas  printing ;  and  (2)  Berill  printing.     Aai 
the  former  method,  now  aUnoet  obsolete,  the  golgas,  a  very  tbih  and  Ugbi  flannel  j 
first  mordanted  with  alnm  and  creajn  of  tartar,  and  next  placed  between 
leaden  plates  partly  perforated  with  a  pattern,  and  strongly  pressed   in   a 
constructed  hydrauho  press,  where  it  is  possible  to  force  dye  solutions  throu^  1 
which  are  only  wetted  by  these  solntions  and  consequently  dyed  where  the  dye  ] 
pass  throagh,  the  strong  pressure  preventing  the  Uqutd  running  oTer   the 
any  other  direction.     By  the  berill  printing  process  the  surface  colours,  thici 
starch,  are  printed  on  to  the  flannel  with  hot  bra^s  formes ;  the  starch  not  being  J 
the  result  is  the  formation  of  relieved  and  coloured  patterns.   The  processaa  andl 

HtudtoK  BiU(  UochK  of  priittiiig  silk  goods  are  generally  the  same  as  for  calicos ; 
iue  printing  is  resorted  to  with  tiring  by  Bteam,  or  Tarious  mordants  are  printed  oo  If 
iik^  luk,  which  is  next  dyed  in  the  dye  beck.  A  pecoliar  kind  of  printing  on  silk  ii  bssil 
upon  the  property  of  nitric  acid  produckig  upon  silk  a  permanent  yellow  colour,  as  weO  •• 
of  desiroyiug  most  other  dyes,  and  yet  acting  on  resius  and  fatty  substances  only  ik«l^ 

lUn4ftfin  rnnUnir.  Thifi  mode  of  printing  on  sUk  i^  termed  mandarin  printing,  sol  tit 
tissue,  chiefly  silk  handkerchiefs, to  which  it  is  applied,  mandarine.  In  order  to  elcii  «ill 
nitric  acid  on  the  iudi^o-dyed  silk,  there  Is  printed  on  to  it  a  resist,  compot^ed  of  resisMl 
fat,  after  which  the  ti^Hue  i^  kept  for  2  to  3  minutes  in  a  mixture  of  i  part  of  vater  mi 
2  parts  of  nitric  acid  heated  to  50*".  The  goods  are  then  thoroughly  rinsed  in  frt«b  ealit 
and  boiled  in  a  soap  solution,  to  which  carbonate  of  potanh  is  added.  Tho  portioBscI  iki 
silk  where  no  resist  has  been  placed  are  thus  made  beautifuiiy  yellow. 

SAfldanu.      On  genuine  madder-red  dyed  silk  white  patterns  are  etched  by  a  preow 
similar  to  that  just  described  for  golgas  printing.    Tbe  gooils  are  placed  betwe«^  h&kB 
plates  in  which  the  pattern  is  cut  out.  and  then  submitted  to  stn^T'T  ^,^^*„,.^^..  ..^-...r^ 
next  a  solution  of  bleaching-powder  acidulated  with  fit:>me  anlphuri' 
the  goods,  by  which  tbe  madder  dye  is  destroyed.     Tbe  pattern  thi 
washing,  the  pressure  remaining  and  water  being  forced  through,  dyed  >eiiu«  i»,v  fiiia 
forcing  a  solution  of  acetate  of  lead  and  next  one  of  chromate  of  potash  throng  lb|i^ 
woven  fabrics,  kept  of  course  in  the  press. 
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DIVISION  vn. 

THB  MATERIALS   iND  APPARATUS  FOR  PRODUCINO   ARTIFICIAL  UtfBl. 


Artifl^rranmtoauon  Very  few  among  the  large  number  of  bodies  wliich  at  a  bigh  tem- 
perature, either  by  combustion  or  at  a  red  heat,  evolve  a  permanent  light  are  suited 
lor  use  as  materials  for  artificial  illumination.  The  number  of  bodies  which  comply 
irith  the  conditions  demanded  in  artificial  illumination  is  very  small.  These  condi- 
tioDB  are  the  following: — 

T.  That  by  the  combustion  of  the  body  a  sufficient  degree  of  heat  be  evolved  to 
ifnAfwfAiw  the  combustion.  2.  That  when  the  burning  body  happens  to  be  solid,  it  be 
previoos  to  the  combustion  converted  into  gas  or  vapour,  as  otherwise  no  flame  is 
generated,  which  is  absolutely  required  for  the  purpose  of  illumination.  3.  That  the 
Imming  body  evolve  in  the  flame  solid  bodies  or  very  dense  vapours  as  an  essential 
condition  of  the  illuminating  property  of  the  flame.  4.  That  either  the  body  itself  or 
the  raw  material  from  which  it  is  obtainable  be  present  in  large  quantity  and  bo 
readily  obtainable.  5.  That  the  products  of  combustion  be  gaseous  and  harmless  to 
the  health. 

It  is  a  generally  known  fact  that  any  great  accumulation  of  heat  imparts  to  bodies 
the  property  of  emitting  light.  This  is  more  conspicuous  in  solid  and  fluid  bodies, 
because  their  molecules  are  placed  more  closely  together  than  happens  to  be  tlie  case 
with  gases  and  vapours.  At  a  temperature  of  500**  to  600"  a  solid  body  becomes 
red-hot,  while  at  about  1000**  white  heat  occurs.  A  gaseous  body  heated  to  these 
degrees  of  temperature  emits  only  a  very  feeble  liglit.  In  order  to  render  a  gaseous 
body  (and  as  already  mentioned  only  gaseous  bodies  are  suited  for  illuminating 
purposes)  luminous  during  its  combustion,  it  should  contain  the  vapours  of  some  of 
the  higher  hydrocarbons  (for  instance,  benzol,  acetylen,  naphthaline,  &c.).  and  that 
these  by  becoming  white-hot  should  yield  light,  or  that  there  be  present  in  tlie  flame, 
by  itself  non-luminous,  a  solid  body  wliich  is  thus  rendered  white-hot ;  for  instance,  a 
spiral  platinum  wire  in  a  hydrogen  flame,  a  piece  of  caustic  lime  in  tlie  oxy-hydrogen 
flame,  a  cylindrical  piece  of  zircona  or  magnesia  in  a  hydrogen  or  coal-gas  flame 
fed  by  oxygen,  oxide  of  magnesium  in  the  flame  of  burning  magnesium  (magnesium 
light),  solid  phosphoric  acid  in  the  flame  of  burning  phosphorus,  &c.  Leaving  out  of 
the  question  for  the  present  such  lights  as  are  not  generally  available,  as  those  just 
alluded  to,  and  also  the  electric  light,  it  is  clear  that  for  all  practical  purposes  we 
can  avail  oorsclves  of  only  such  materials  for  illuminating  purposes  as  yield  a  flame 
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)  flame  b  that  where  tlie  carbon  is  separated  hy  the  intense  heat»  below  tlie  tliia 

fcter  of  the  dark  central  cone.     Higher,  where  the  heat  which  decomposes  the 

carbons  into  their  coui*tittienta  reaches  upwards   to  the   middle,  the  entire 

Bitre  is  luminous^  and  houct"  a  solid  tlamc  is  exhibiU'd.     As,  then,  the  free  curboa 

ties  nearer  to  the  layer  rich  in  oxygen,  it  ia  converted  into  carbonic  acid,  and  is 

\  more  lamiuous  tlie  more  energetic  tliia  combustion.     In  the  veil  oxide  of  carbon 

.  hydrogen  bum  sirauliuneouidy.     The  reason  wliy  this  veil  does  not  eadiihit  at 

flower  port  a  linuinous  mantle  is  because  the  mass  of  the  gasea  in  the  interior  ia 

\  cold  for  admitting  a  separation  of  hydroearbons, 

he  n  on -luminosity  of  a  tlame,  even  that  of  pure  olefiant  gas,  due  to  the  too 

Itracted  space  occupied  by  the  temperature  of  the  veil,  may  be  observed  when  a 

\  flame  is  turned  down  as  low  as  possible ;  in  tliis  ca«e  a  complete  eombuHlion 

es  place  before  any  decomposition  can  ensue,  just  as  happens  in  the  lower  blue 

m  of  a  luminous  flame.     The  luminosity,  therefore,  depends  upon  tlie  composi- 

of  the  gas  before  it  is  burnt,  and  not  upon  a  siibsecjuent  combuation  of  tlie 

fe'lion.      It  has  been  assumed  that  tlie  luminosity  of  gas  Haines    ia  due  to  the 

^Somenrarily     eliminated     particles     of    solid    carbon    becomiuj;'    white-hot;    but 

I  ^cconiing  to  Br.  Franklanfts  researches,  made  in  1867,  it  is  not  tlie  particles  of  solid 

rbon,  but  rather  the  dense  vapours  of  the   higher  hydrocarbons,   those  having 

tiigh  boihngpoiut,  which,  while  ignited  at  an  eleviited  temperature^  cause  the 

iiinosity  of  tlie  gas  flame.     There  are  present  in  illuminating  gas  compounds  of 

ftt  density,  which  in  the  fttnte  of  vapf^ur,  similar  to  what  may  be  observed  of  the 

our  of  arsenic,  may  render  flame  Itiminous ;  among  these  are  the  vnpours  of 

Iizol,  naphthaline,  and  probably  of  many  other  of  the  constituents  of  ninl-tar.  These 

ours  remniu  in  tlio  flame  in  undecomposed  stete  up  to  the  moment  thnt  thtjy  reach 

!  outer  layer  or  envelope  of  the  flame,  where  tliey  1>ecome  consumed  when  coming 

J  contact  with  the  oxygen  of  the  air.     It  has  been  customary  to  adduce  as  a  proof 

',  the  lurainosity  of  the  flame  is  due  to  eliminated  particles  of  carbon,  the  fact  that 

en  a  piece  of  porcelain  is  held  in  the  flame  carbon  is  deposited  tliereon :  but  it  has 

been  proved  that  this  substance  is  pure  carbon;  on  thn  contrary,  when  the 

deposit  is  submitted  to  analysis,  it  is  alwuys  found  to  contnin  hydrogen,  and  any 

chemist  who  desires  to  obtain  pure  carbon  from  lamp-black  knows  well  enough  that 

this  snbstance  haa  to  bo  strongly  ignited  in  close  vessels  before  all  the  hydrogen  it 

contains  has  been  eliminated.     In  order  to  accelerate  this  process  of  purification, 

chlorine  gas  is  passed  over  the  lamp-black  placed  in  a  combustion -tube,  or  better,  a 

porcelain  tube,  and  raised  to  nearly  a  white  heat     Lamp-black  is  probably  nothing 

I  jiiore  than  a  conglomt^rate  of  tlie  densest  light  emit  ttijg  hydnjcarbons.  tlie  vapours  of 

^Bbich  become  condensed  upon  the  surface  of  the  cold  porci^liiiu.     How  could  a  flomo 

^Kso  transparent  as  it  really  is  were  it  Elled  with  solid  panicles  of  carbon?    How 

^Hpild  it  be  the  same  for  pi loto metrical  assays  if  the  tiame  be  placed  witli  its  broad  or 

Tftrn^w  edge  towards  the  photometer  if  tlie  Light  of  the  flame  were  due  to  solid 

particles  of  carbon?     It  is  possible  that  in  a  slight  degree  an  elimination  of  carbon 

lually  takes  place  as  a  consequence  of  Uie  decomposition  of  hydrocarbons,  but  the 

I  souree  and  C4iuse  of  the  luminosity  of  a  gas  flame  ia  the  combustion  of  the  heavy 

rbons.     It  ia  clear  that  tlie  tempentture  of  the  flame  has  aonic  influence  on 

Qinoslty,      According  to   H.   Deville's   experiments    (1869)    the    degree    of 

Itunijiosity  of  a  flame  is  intimately  connected  with  the  density  of  the  vai>oura 

eut  tlierein,  while  the  disaociation  does  not  appear  to  be  wiUiout  some  influence 
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tipoQ  the  cotidition  of  the  flomo.    Under  ordinaiy  conditions  an  il1timiii<iting  i 
to  be  Imnvt  in  air  free  from  draught**,  imd  so  that  no  smoky  fl&nie  be 
ahould  contain  upon  G  parts  by  weight  of  ciirbon  i  part  by  weight  of  hrA 
as  nearly  obtains  in  oleliant  gas,  pamfiin.  wax,  and  steario  acid*     Oil  oT 
which  contxtina  upon  i  part  by  weight  of  hydrogen  75  part*  by  wiiight  of  t 
horns  with  a  sooty  tlame.    This  is  tlie  case  in  a  higher  degree  with  bamol«  \ 
upon  I  part  of  hydrogen  contains  12  of  carbon,  or  with  naplith aline,  in  which  i 
proportion  is  t  :  15.      In  order  to  burn  the  excess  of  carbon    {ns  aLrtmdy 
acctirding  to  Dr  FninlLland'a  researcheB,  this  is  not  pure  carbon,  but  a  eon 
ration  of  dense  hydrocarbons)   which  becomes  eliminated,  an  increased  CQppl^r  d 
air  is  required,  such  as  is  created  by  a  lamp -glass.     Such  flames  as  do  not  eli 
carbon,  as^  for  instance,  those  of  marsh-gas  and  alcohol,  yield   only   a   {hint 
when  burning.      The  himinosity  of  gas  is  at  once  destroyed  when  atnio6pherirl 
ia  mixed  witli  tlie  ga8»  as  may  be  observed  in  the  Bunsen  burner :  the 
obtains  when  tlie  gas  is  mixed  with  other  indiilerent  gases  or  vaponrs. 
Artiiicial  light  i»  procured : — 
I,  From  f;ubBtftnce«  solid  at  ordinary  iempemtareBf  and  prepared   in   ibn  cbap*  ^ 
candles  made  of  (;ui<b  materials  as  tallow,  palm  oil,  stearic,  palinitio  Aod  elaiiii^  mA^  • 
wax,  spfTiurtceti,  and  pnriiflin, 

IL  By  eiuph\yii]|^  ftuid  substances,  chiefly  in  hmip»,  and  whioh  may  bo  biOQiiAli 
the  following  catt^pories  : — 

a.  Non-vcilatile  oik,  such  as  rape-seed,  oliye  oil,  fish  oil, 
6,  Volatile  oils  which  are  either — 

a.  Egseutliil  oili;,  as,  for  instaace,  camphine  (refined  oil  of  turpentine)  ;  or 
p.  Miopral  oik,  ohtaiDed  from  tar,  from  peat  Jignitci,  bituminous  Blatc^t  Wghendf 
and  consisting  of  mixlurcB  of  fluid  hydrociurboDS,  met  with  in  commerce  i 
Yariety  of  names,   such  as    solar  oil,   photogen,   hgroine,  kero^cn, 
oil,  Ac. ;  or 
y.  Native  eurth-oil  or  pptrnlenm^which^  after  having  been  refined,  is  sold  inl 
oonunonly  nuJei  the  name  of  petroleum  oil,  to  difitinguiBb  it  csiiocialh  1 
Youuff's  patent  paraffin  oil, 
m.  By   roeaiis   of    jajascoufl    substances    obtained    by  the   dry    dist  1  {^ 

bituuiinouH  slate,  pent,  wood,  petroleam    residues,  resins,  and  fattx  ^ 
which  whrn  siibmitttMl  to  a  bi^^li  temperature  above  a  cherry-red  ' 
po&ed,  yielding  ft  solid  rt'sidiie  rich  in  carbon  (coke),  tar,  and  gases  ;  <  j 
of  treatment,  as  with  the  so-ctdlcd  water-gas,  obtained  by  passii^^  ^^^^^  -.v 
eharcoal. 
In  the  ganeouf?  illuminating  substances  the  luminona  body  ia  either : — 

a.  Yielded  by  the  flaoit:'  itself,  as  is  the  caee  in  the  ordinary  gai*  flame ;  or, 

b.  Introdnced  extc'rmilh%  a*  ia  the  so-called  platinum  light,  by  the  aid  of 

wire;  in  the  lime  lifrht  by  means  of  Hine-  iu  the  magnesiam-  and  sii 
light  from  eylindrieal  pieee!^  of  Ihe^e  eubsttmees  ;  or  by  the  so-eaUed  ' 
of  the  gas  with  the  vapours  of  fluid  hydroearbons. 


I.  Artijkial  Light  obtained  hy  Means  af  Candle* 
LWtit  froin  OftudiM.       Leaving  out  of  the  question  the  use  in  some  very  poor  < 
splints  of  resinous  wood  for  the  purpose  of  procuring  artificial  light,  candle  mg^i 
only  shape  in  which  solid  materials  are  employed  for  illuminating  piir|io«ei, 
candle  consists  of  the  solid  illuminating  material,  palmitic  and  Etoaric  acids 
tallow,  or  wax,   cast  in  the  well-known   cylindrical  sliape,   and  provid*^!  m  1 
direction  of  its  longitudinal  axis  with  a  cotton -wick,  the  thickness  and  phttti 
wiiich  ebon  Id  be  arranged  in  proper  relation  to  the  diameter  of  Mm 
describe  in  the  following  pages  the  manufacture  of  :— 

1.  Stearine  candles.  3.  ToUow  eandleft. 

2.  P&raf^  candles.  4.  Wax  candloi* 
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^^^jj^suariM  J  Palm-oil  and  tallow  are  now  in  Europe  the  raw  materials 
for  the  manufacture  of  these  candles,  while  lard  is  used  for  tliis  purpose  in  the 
United  States  (Cincinnati).  The  researches  of  W.  Heintz,  which  complete  those 
made  hy  Chevreul,  have  taught  us  that  tliese  fats  consist  of  palmitic,  stearic,  and 
dieio  acids,  and  glycerine.  The  acid  which  Chevreul  has  designated  as  margario 
acid  has  heen  proved  to  be  a  mixture  of  palmitic  and  stearic  acids.  The  so-called 
•*  stearine  candles  "  are  frequently  made  of  a  mixture  of  stearine  (viz.,  a  mixture  of 
palmitic  and  stearic  acids)  and  soft  paraffin.  Candles  of  this  description  are  known 
abroad  as  Apollo  and  Melanyl  candles.  The  manufacture  of  stearine  candles 
csonsists  in  two  chief  operations,  viz. : — 

A.  The  preparation  of  the  fatty  acids ; 

£.  The  conversion  of  these  acids  into  candles. 

A,  Tlie  preparation  of  the  fatty  acids  can  be  effected  by  saponification  with  lime, 
by  means  of  sulphuric  acid  and  subsequent  distillation,  by  means  of  water  and  high- 
pressure  steam,  and  by  means  of  steam  and  subsequent  distillation. 

^'^SZl^oJumJ^^  I-  Saponification  of  the  Fats  hy  Means  of  Ztm<?.— The  raw 
fats  employed  in  this  operation  are  beef  or  mutton  tallow,  and  palm  oil.  The 
mutton  tallow  contains  a  larger  quantity  of  solid  fatty  acids,  and  is  more  readily 
saponified,  but  beef  tallow  is  cheaper.  The  Russian  tallow,  of  which  large  quantities 
are  met  vdih  in  commerce,  is  usually  a  mixture  of  beef  and  mutton  tallow.  As  palm 
oil  is  imported  into  Europe  in  large  quantities  and  is  comparatively  low  in  price,  it 
has  become  in  many  stearine  candle  manufactories  the  fat  chiefly  used. 

Stearine  yields  957  parts  of  ftearic  acid  (melting  at  70°;  Ci8H360a. 
Palmitine    „      948        „        palmitic  acid         „  62"  Cieiiyi02. 

Oleine         „      903        „       oleic  acid  „      — 12*  CisHj^Oj. 

Stearine,  palmitine,  and  oleine,  are  glycerides.  The  stearine  is  tri-stearine, 
CjjHuoOe ;  palmitine  is  tri-palmitine,  CjiHgsOg ;  and  oleine  is  tri-oleine,  C37H104O6. 
By  tlie  saponification  with  milk  of  lime,  tlie  calcium  salts  of  tlie  three  fatty 
acids,  stearic,  palmitic,  and  oleic,  are  formed,  and  glycerine  is  separated.  The 
operation  of  saponification  is  conducted  in  the  following  manner: — Of  tallow  or 
of  palm  oil  about  5CX)  kilos,  with  800  litres  of  water  are  put  into  wooden  lead-lined 
vats  or  tuns,  of  20  hectolitres  cubic  capacity,  and  next  by  the  aid  of  steam  conveyed 
into  the  vessel  by  a  leaden  pipe  coiled  spirally.  When  all  the  tallow  has  been 
melted  there  are  gradually  added  to  it  some  600  litres  of  milk  of  lime,  containing 
70  kilos,  of  lime  =  14  per  cent  of  the  weight  of  the  tallow,  care  being  taken  to  stir 
the  mixture  continuously.  After  heating  for  some  six  to  eight  hours  the  formation 
of  tlie  lime-soap  is  complete.  The  somewhat  yellow  glycerine  solution  is  run  ofi' 
from  the  solid  granular  lime- soap  and  used  for  preparing  glycerine.  According  to 
theory,  starting  from  the  supposition  that  upon  3  molecules  ot  fatty  acids  found  com- 
bined in  tlie  neutral  fat  there  is  i  molecule  of  glycerine,  100  parts  of  fat  would 
require  only  87  parts  of  caustic  lime,  but  in  practice  14  per  cent  of  lime  is  generally 
used  because  it  has  been  found  tliat  tlie  saponification  is  rendered  easier,  but  a  larger 
quantity  of  sulphuric  acid  is  also  required. 

The  lime-soap  thus  obtained  is  decomposed  by  means  of  sulphuric  acid,  either  con- 
centrated, or  as  so-called  brown  or  chamber  acid.  This  operation  is  carried  on  either 
in  the  vessel  in  which  the  saponification  took  place,  or  in  a  similarly  constructed  vessel 
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or  in  stoneware  basins,  also  fitl«d  with  a  stftam-pipe.    The  qtiantity  of  sdplittxie  i 
required  for  lire  decomposition  of  a  mixture  composed  of  500  kilos,  of  t^iow  1 
70  kilos,  of  liine  amounts  to  137  kilos.      The  add  is  first  diluted  with  wuter  to  tt 
=  sp.  gr,  I  0S6  (in  this  condition  the  acid  contains  30  per  cent,  HaSO^i,  aud  lai 
poured  on  to  the  lime-soap,  witli  which  it  is  thoroughly  stirred,   whO^ 
is  applied  siruultnnoously-     AVhen  the  fa tty  acids  have  been  set  ftiee  tl 
steam  is  shut  off,  and  tlie  fluid  mixture  left  for  some  time,  the  melted  f* 
rising  to  the  surface,  whih?  the  gj-psum  settles  at  the  bottom  of  the  liqn 
melted  fatty  acids  are  transferred  to  a  lead4ined  tank,  and  in  order  to  rcmaml 
last  traces  of  lime  and  sulphate  of  lime,  first  waahed  with  dilate  snlpburic  mdA^  I 
next  ^itli  wuter,  the  bteam  heat  being  kept  up  to  maintain  the  acids  in  a  ficud  f 
The  q^uautity  of  purified  futty  acids  thus  obtained  is  tlie  following  : — 
500  kilos,  of  tallow  459  5  kilos,  of  fatty  acidfl« 
500        ,f  It        4^3*0        i»  tl         »t 

5*^        »  »t       4®7'5        n  *f        IP 

2000  kilos,  of  tallow  1888*0  kilos,  of  fatty  aeid«, 

equal  U>  94-8  per  cent.    The  yield  depends  on  Oie  kind  of  tallow  ttsed,  on  its  j 
and  the  mode  of  operating  for  its  sapoiii£cation, 
100  parts  of  the  fatty  acids  give : — 


a,  43*3  parts  of  solid  fatty  acids 

<?'     4^' 3  M  II  >l  >1 

d.  48  4       „  „         „       „ 


On  an  average  45  *g  parts  of  a  mixtnreof  I 

and  palmitic  acid. 


Wht'Ti  tlie  fatty  acids  have  been  as  much  as  possible  freed  from  liine«  gypsrtun,  | 
flulphuric  Bcid,  by  means  of  repeated  washing  with  water,  they  are  kept  in 
condition  for  some  time  in  order  that  the  water  mnj  be  thoroughly  el 
Next,   the   fatty  acids   are    cooled   and  become    solidified,   after   wliicb   thty  \ 
submitted  to  strong  hydraulic  pressure  in  order  to  remove  tlie  tdeic  acid,  tlua  < 
tion  being  repeated  and  tlieu  perfonned  i\  itli  the  aid  of  lieat.    The  acids  are  1 
into  large  square  blocks,  or  cooled  in  moulds  similar  in  shape  to  those  XL&tt^  \ 
cakes  of  chocoliite,  and  capable  of  containing  3  kilos,  of  tlie  fatty  acid^.     ln\ 
works  moidds  made  of  enamtdled  iron  are  used  for  this  purpose.    The  fiatty  ii«id«<| 
left  in  these  moulds  tot  the  purpose  of  crystallising  slowly  ;  in  winter  twelvi?  ] 
in  summer  twenty-four  hours,  are  required  for  attaining  this  end.     The  more  \ 
the  crystal  li so  tion  proceeds  the  better,  because  the  more  readily  the  fluid  i>ortiaii4 
be   separated   by    pressure   from    the    solid    mass*      The   solidified   n)a.vi   is 
submitted  to  liydraulic  pressure,  in  order  to  eliminate  the  fluid  fatty  acids  1 
between  the  crj'stals  of  the  solid  mass*     The  first  operation  of  pressing  is  ] 
at  the  ordinary  temperature.    The  solid  cake  of  the  fatty  acids  is  for  lids  pur] 
put  into  a  press-lmg,  which  may  be  made  of  any  strongly  woven  fabric,  he 
cjoth  being  often  employed.     The  press -bag  having  been  filled  is  placrd  b*ln 
plates  of  iron  or  zinc,  and  then  transferred  to  the  table  of  a  bydranlic  prt-sa,  ca| 
ing  a  pressure  of  200,000  kilos.     The  oleic  acid  which  run«  off  is  collect 
-  and  thence  conveyed  by  a  pipe  to  a  cistern.    This  material  is  used  h>  \ 

^ing.    also  for   lubricating   wool,  and  more  recently  as  oleic  acid  ether 

""'**  for  the  purpose  of  softening  leather.    When  the  hydraulic  press  1 
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BplrfflinoTe  any  more  fiuid  from  tlie  solidified  orystalline  acids.  Hot -pressure  is 
p^fiorted  10.  For  this  purpose  hydraulic  presses  of  a  peculiar  couatnicliou  aud 
[placed  in  a  horizonlul  posilion  are  employed ;  the  arrangement  of  thc^ie  presses,  the 
lolates  of  whicli  arc  heated  by  means  of  steam  is,  however,  txjo  eomplicated  to  be  use- 
■By  described.  The  pressed  fiitty  acids  arc  next  purified.  This  is  etlected  by 
Hwang  them  in  a  molten  state  with  ver)^  dilute  sulphuric  acid  (3-  B*  =  ro20  sp,  gr.), 
nmd  washing  tliem  witli  water,  an  operation  repeated  two  to  three  times,  the  fatty  acids 
llieiiig  of  coarse  kept  molten  all  the  time.  The  wash-water  to  be  employed  for  this 
Ipiurpose  ought  to  be  free  from  lime,  and  if  such  water  is  not  obtainable,  the  lime 
iBliouJd  be  removed  by  means  of  oxalic  acid.  The  purified  fatty  acids  are  next  main- 
I  tained  in  a  molten  state  for  some  time,  in  order  to  eliminate  the  water  mechatiically 
I  adhering  to  them.  Sometimes  the  fatty  acids  are  clmilied  by  tbe  aid  of  white  of 
I  eggs  beaten  to  a  froth,  and  added  to  the  water  of  the  last  operation^  in  tlie  proportion 
■  of  2  eggs  to  iQo  kilos,  of  fatty  acids:  or  the  stearic  acid  is  re -molten  in  water 
I  containing  oxalic  acid.  The  fatty  acids  llius  obtained  are  either  cast  into  thick 
I  elabs  and  thus  sent  to  the  candle  factory,  or  the  molten  acids  are  directly  converted 
I  into  candles. 

I  It  !b  erident  that  annually  a  large  quantity  of  worthleas  gypsum  must  rMull  ai  a  1^- 
I  product  of  the  decomposition  of  the  lime -soap  by  the  use  of  BtUphorie  acid.  It  mti^ 
I  therefore  be  worth  while  to  suggest  that  caustic  baryta  ehould  be  substituted  for  lime, 
Ueoanse  by  the  decompoFiiion  of  the  baryta-soap  with  sulphuric  acid,  there  would  be 
■pUDied  baj  vta  white, (sulphate  of  baryta),  the  Tslue  of  which  wiD  cover  tbe  expense  of  the 
■Blphuric  iioid  :  but,  on  the  other  hand ,  caustic  baryta  is  a  great  deal  more  expensive  than 
r  oaufitio  lime.  It  i*  true  that  the  fmlphate  of  baryta  separatea  more  readily  and  completely 
I  from  the  liquor,  and  a  purer  glycerine  can  be  obtained  from  it.  Cambaccre's  snggcHtiou 
I  (>S55)  **^  fiftpouify  witb  alumina  was  made  with  Ibe  view  of  obtaining  a  more  valuable  by- 
[  product.  Alumina  does  not  saponify  fats,  but  aluminatc  of  soda  (employed  for  the  purposes 
I  of  aaponiti cation  for  wome  yt^urs  in  the  United  States  under  the  name  of  natronft  refined 
I  eaponifier)  does  soothe  resiilt  biding  theformution  of  an  alumiua-8oup,  while  the  eoda  is  set 
I  free  and  may  be  used  agaiu  for  the  purpose  of  re-dissohiug  fresh  portions  of  altmiina.  As 
I  in  the  operations  made  with  the  native  minerals  cryolite  and  buuiite,  alainiDSte  of  soda  is 
L  obtained  as  au  intermediulc  product,  which  may  be  further  treated  for  sulphate  of 
B||DMIujkA  and  soda ;  the  proposal  to  use  an  alumina-soap  instead  of  a  Ume-soap  deserves 
IpBty  consideration^  the  more  so  as  the  fluid  obtained  by  the  decomposition  of  the 
Ftftimina'Soap  with  sulphuric  acid  may  be  directly  employed  for  tbe  preparation  either  of 
I  sulphate  of  alumina  or  of  alum.  The  alumiua-HOap  may  be  decomposed  at  the  ordinary 
I  temperature  by  acetic  acid,  and  acetate  of  alumina  obtained  (see  p.  263),  The  lime 
m  Mponification  process  has  been  in  a  great  measure  thrown  into  tiie  background  Ruce  the 
I  iDvetition  of  tbe  far  more  profitable  saponification  process  with  s\ilphuric  acid  and  super* 
I  henied  steam. 

I  ""•^lSTlSs.^'^  ^^  SaponifimUon  Process  mth  a  Smaller  Quantity  of  Lime  and 
I  th€  JppHeation  of  ^(fperhtnited  >StciittL — De  ililly  has  essentially  changed  the  pro- 
I  CGSS  of  the  saponification  of  the  neutral  fats ;  he  found  that  the  quantity  of  lime 
I  used  in  the  saponihcjition,  which  in  his  works  at  Paris  had  ht'cn  ulreadj'  diminished 
I  from  14  to  8  or  9  per  cent  of  tlie  quantity  of  tlie  fats,  could  be  decreased  evt^n  lo 
I  4  or  to  2  per  cent,  provided  the  mixture  of  lime-water  and  fatty  matter  was  heated  to 
I  a  higher  temperature  than  that  usually  employed.  Do  Milly  put  into  a  steam  boiler 
I  2300  kilos,  of  tallow  and  20  hectolitres  of  milk  of  liine,  which  contained  either 
I  50  kilos,  of  lime  =  2  per  cent,  or  69  kilos,  ==  3  per  cent,  after  whicli  this  mixture  was 
I  heated  to  ly^'"  by  means  of  steam,  having  a  temperature  of  182  =?  10  atmospheres, or 
I  150  lbs.  pressure  per  square  inch.  The  result  was,  that  after  seven  hours  the  sapoDi- 
I  fixation  was  complete,  tlie  contents  of  the  boiler  consistinjjf  partly  of  an  aqueous 
[  solution  of  glycerine,  partly  of  a  mixture  of  free  fatty  acids»  and  a  umall  quantity  of 
a  Ume-soap.    The  boiler  having  been  emptied  was  agaiu  filled,  and  the  operation 
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related,  so  that  ill  twenty-four  hours  6goo  IcUas.  of  UUow  oowld  be  opeimtod 
It  is  evident  Uuii  thL^  method  of  saponification  is  very  profiiiihic  in  ooiuiefttciii 
requiring  much  1<'8h  sulphuric  acid  for  decomposiufr  the  lime -soup. 

Several  opioiou*  have  been  enunciated  explanntory  of  tliis  profeM  ;  but  if  we 
in  mind  (i)  that  kind  of  action  which  Berzelius  deBi^at**d  us  oatiilyiic^  w1 
comparft lively  veiy  soiall  quantity  of  any  substance  may  call  f»irth  a  deconi] 
under  favourable  conditjons  of  a  very  large  quantity  of  another  Bnbbtati«e ; 
(2]  recollect  that  Wri>,'ht  and  Fouch£  have  more  recently  (De  Milly^s  ex 
were  made  about  twenty-live  years  ago)  found  that  water  at  a  bii^li   tenij 
causes  the  disswiiitkm  of  fiits  and  oils  into  glycerine  and  fatty  acids,  it  ifl 
while  the  small  quautiLy  of  lime  may  have  facilitated  the  saponificntiofi,  tbo 
obtained  by  De  Milly  is  mainly  due  to  tlie  very  high  temperature  of  the 
employed  in  the  operation.     This  is  clearer  from  tlie  fact  that  a  process  of 
cation  is  successfully  in  use  based  solely  upon  the  application  of  water  mt  % 
temperature, 

^^''"iSiVSc^I^r"*''       ^^    Saponification  6y  Meam  of  Sulphyric  Acid  and 
quent  Inntillniion  hij  Means  of  !S  team, — It  was  known  t4:>  A  chard,  in  the  jrear  r 
tliat  the  neutrnl  fiits  are  decomposed  by  concentrated  sulphuric  acid  in  a 
similar   to   the   decomposition   cfiected  by  caustic   alkalies.     Tliis   fact  wm» 
brought  forward  in  1S21  by  Caventon*  and  1824  by  Chevreul,  but  was  not 
cally  investigated  until  1836  bj  Fr6my,  and  not  industrially  applied  until  tbe 
1S41,  when  Dubruijfaut  introduced  the  distillation  of  the  fattj  acids  oa  tlkS 
scale.     The  crude  fatty  matter  usually  submitted  to  this  process  of  SApaiixfieatiaO| 
of  the  kind  tliat  cannot  be  saponilied  by  the  lime  process  by  reason  of  its  inij 
thus,  for  instance,  palni  iind  otwoa-nut  oilt  bune  and  marrow  fat,  fat  of  slai 
hous4?s,  kitchen-stuff,  tlie  products  of  the  decomposition*  by  means  of  sulphuric 
of  the  soap-water  obtained  from  wool-spinning  and  clotli-making  works,  ressidi 
the  reEning  of  fish  and  oOier  oils,  residues  of  tallow-meltinjf^,  «S^c. 

This  process  of  Biiponificalion  by  means  of  sulphuric  aiid  ftS  carried  on  in 
establishment  for  s^lcarine  candle -mukiiig  ol  Ltrroy  uud  DuTAud,  at  GcutiUy,  J 
oousists  of  three  oporationt:,  viz.: — 

a.  SftpoijiJii^atiou  with  fiulphurio  aoid« 

/3.  DetioDiptiHition  of  the  products  of  gaponifieation. 

y.  Distillation  of  the  fatty  acids. 

a.  In  order  to  eliminate   the   greatest  impurities  first,  the  crude  f titty 
molten  and  kept  in  the  liquid  stale  for  some  time,  so  that  the  coarser  imi>uriti<*s  1 
side.     The  fatty  matters  are  then  transferred  tt>  a  kind  of  boiler  mad'*  of  iron  boiia 
lined  inside  with  leml,  lUid  titied  with  a  stirring  apparatus  and  a  steam  jacket^  \ 
by  means  of  pipes  with  3  steam-boiler,  so  thai  the  apparatU!^  may  be  heated. 
Teesel  sulphuric  iicid  at  66°  B.  =  1*8  sp.  gr.,  is  poured,  the  quantity  of  this  flc 
regulated  aecording  to  tbe  nature  of  the  fatty  matters  operated  up<iu.     KitohouM 
from  slatighter-hcinees,  imd  the  like  require  12  per  cent  of  their  weight  of  acid  ;  palm  cfl 
requires  from  6  to  9  jier  cent  ficcordiiig  to  quality.     The  fatty  eubstanres?  b«vi!i«r  be*»n  pii 
into  the  vesnel,  the  stirring  apparatus  is  set  in  motion,  and  the  st 
purpone  i.»f  supplying'  boat  to  the  Tesael.     The  temperature  to  whii 
varies,  in  Price's  Work«,  Battersea,  being  177"*,  while  at  Gentill;    *^ 
than  from  j  10*  to  115',     Durinfj  the  operation  the  mass  foami-, 
snlpburous  acid,  partly  due  to  the  action  of  a  portion  of  the  ■ 

upon  the  glycerine,  partly  to  its  aetiou  npoa  the  injpurities  prestsut  liiiinug  ihv  1*»^ 
matters.     The  neutral  fat  is  converted  iuto  a  mixture  of  sulpho-fatty  ftrol*  niid  «iiJpb<)* 
glyceric  acid.     The  saponification  ia  complete  after  some  fifteen  t. 
cation  of  beat.     According  to  Do  Milly 's  new  process  (1867)  the  t. 
along  with 6 per  cent  of  sulphurio  acid,  and  the  action  of  the  tatter  i*  Ui^^^^v  ^*  »..  ,  t*  w  ww  .— ,* 
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tnintiUs;  it  is  Hu^rebj  possible  to  obt&in  So  per  cent  of  the  solid  fatty  acids  ia  a  coudltion 
nt  onot*  fit  for  making  candies  without  re'distUlation,  only  20  per  ceut  ha?iug  to  bo 
sUlled. 

^,  Decomposition  of  the  products  of  tlie  RalpbimG  acid  sflponi 6 cation.  Tbd  mass  iij 
to  cool  for  tbree  to  four  hours  aud  is  uext  t r tin tif erred  to  birge  wooden  iiuilCiiH 
ed  idtb  lead,  and  prtsviously  filled  oue-tliird  with  waU^r,  At  the  bottom  of  these  tankn 
am  pipeB  are  litted,  by  uieuDB  of  which  the  iluid  couieiits  of  the  vosek*!  tbre  soon  heaifidfl 
£00''.  The  sulphuric  ii(!id  aod  the  fatty  adds  &re  diasoci^ted^  and  the.st^  bodies^  partl^'l 
iifd  with  a  birgur  quantity  of  hydrogen  and  oxygen  than  was  pre^tnit  in  the  fatty! 
from  which  they  w*^rw  formed^  partly  also  in  an  nnallerL*d  condition^  are  fonndtl 
Hoaiing  ou  the  stirfaco.  After  having  t«Jen  repeatedly  triturated  with  boiling  water,  the 
fnity  nrhU  are  tapped  or  poured  over  into  a  vessel  filled  with  water  bented  to  40*  to  50% 
f      "  i  of  allowiuj?  tbe  imparities  to  become  depcisitetl.     The  claridwl  fatty  acids 

1  1  in  a  vcHHol  placed  on  ftu  open  fije  in  order  to  evaporate  all  the  wateXi  after 

v^i  ..  v..   r  ....  ,submittfe:d  to  distillation. 

y.  The  ditttillation  requires  several  precautions.  Distillation  with  an  open  fire  would 
nvext  the  fatty  acids  into  oil,  gas-tar,  and  a  carbonaceous  residue,  if  the  beat  were 
inffitiiently  high.  But  when  the  temperature  is  properly  reguLited,  the  fatty  acids 
protected  from  the  direct  action  of  the  flre.  Air  should  l>e  completely  excluded  from 
distilling  apparatus.  With  these  proomitiona  the  fatty  flcidn  distil  over  without 
"  ig  any  essential  alteration.  These  conditions  are  cinuplicd  witb  by  the  use  of 
'fieatad  ete&m  at  a  temperature  of  250''  to  350".  The  fatty  acids  are  put  into  a  roomy 
l«tort  supported  by  brickwork,  and  fitted  with  a  steam  tube  an  well  as  a  condensing  tube 
connected  witb  a  receiver^  in  which  the  fatty  acida  arc  ooUected. 

Whon  the  several  fatty  aeid»  are  fractiouoUy  collected  from  the  beginning  to  the  end  of 
distillation  their  melting-pointa  Me;— 

T?         Ti  1^  /\'^  From  lutohen-stufl 

From  Pabu  Oil,  luid  Bone  Fat. 

ist  product  54*5'  44*0^  ^ 

and      ,f  52-o<*  41*0"  ^ 

3rd  480*  4ro*  ■ 

4th  46^0^  42*5''  V 

5^^      M  44'o"*  44'o''  ■ 

6th      „  41^0°  450"  M 

7*^      M  39'5°  4"o°  • 

The  water  condensed  witb  the  fatty  aoids  runs  oH  from  the  receiver  through  a  tap.  At 
the  bef^nning  of  tbc  operation  the  water  constitutes  half  of  the  produce  :  towards  the  end 
Wily  fltjriut  one-third.  ^Yith  a  retort  capable  of  containing  looo  to  uoo  kilos,  of  material 
the  distillation  takes  some  twelve  hours.  The  end  of  the  operation  is  iiidicated  by  the 
coming  over  of  ccdourcd  products.  There  remains  in  the  retort  a  black  tarrj'  matter,  the 
quantity  of  which  amoniits  in  the  case  of  palm  oil  diHtiUution  to  2  to  5  per  cent,  and  for 
kitehen-Btuff  to  5  to  7  i>i*r  cent.  This  residue  is  not  removed  nfter  each  distillation  but 
left  in  the  retort  uutil  it  has  accumulated  to  such  an  extent  as  to  render  its  removal 
n^essary.  The  first  products  of  the  distilitttion  of  palm  oil  saponified  by  ineanM  of  fatty 
fteidJB  are  so  solid,  that  by  pressure  they  do  not  yield  eny  fluid  acid,  and  art*  at  once  fit  for 
the  mauufaeture  of  caudles.  The  products  which  come  over  afterward!*  are  further 
purified  by  hyilraullc  pressurei  re-melting,  and  washing  with  water.  The  substance 
chlnJTit'd  by  pressure,  more  or  less  pure  oleic  acid,  is  used  for  soap-making  only  in  this 
itgh  abroad  it  is  burnt  in  some  kinds  of  lamps.  The  oleic  acid  obtiiined  by  this 
iitially  dilTereut  from  tbat  obtained  by  the  Hme  saponificatiou  process.  The 
ijLiii' ■>  ui  iatty  acids  obtained  by  this  process  of  saponification  are  the  following: — 

From  Snint ,     47  to  55  per  cent. 

,,     Olive  oil  residues      47  to  50       „  J 

^f     Palm  oil 75  to  80       „  fl 

„     Fat  from  slaugbter-hooaea      ....  60  to  66       ,,  V 

f,     Oleic  acid 33  to  30       „  W 

Chloride  of  zinc,  which  in  many  respects  (see  p.  81)  is  similar  in  its  action  to  sulphuric 
acid,  has  been  proposed  aa  a  substitute  for  the  latter.  For  countries  into  which  sulphuric 
iLcid  h/v4  to  be  imported  ohloride  of  zino  might  be  of  greater  advantage,  being  capable 
of  recovery  and  less  dangerous  and  diMcolt  in  transport.  When,  aceoriliug  to  the 
re^^arches  of  L.  Kraft  and  Tessid  du  Motay,  a  neutral  fat  is  heated  with  anhydrous 
ehloride  of  zinc,  a  complete  incorporation  of  these  substancea  takes  place  between  150^ 


636 


CHEMICAL  TECHSOLOOY. 


apd  200°;  ami  by  coiitintiliig  the  hdating  for  some  time,  and  wasT"*-"'  *^'^-  Ta«t«fu3i^ft 
warm  water,  or  better  with  water  acidulated  with  hydrochloric  re  is  MtSati 

a  fatty  mutter,  which  on  being  subiiuttcd  to  distil  la  tiou,  yields  tr  -poodiog  liri^ 

acid,  whiJe  only  a  gmall  qnaotity  of  acroleine  is  formed.  The  oLiuride  uf  xicc,  b<«oiiEiiif 
Bolnble  in  the  water  n«ed  for  waj^hiug,  may  be  reooyered  by  evaporating  thv  fltUiL  Tim 
yidd  of  fatty  acids  by  this  process  Ib  the  aame  as  that  obtained  by  the  1U0  of  aul|iHuii 
acid,  wbil<^  the  fatty  acids  also  agr^e  as  to  their  phy^iical  properties.  Tb»  <|gMmy 
of  chloride  of  zinc  required  amonntB  to  8  to  12  per  eeut  of  tho  fat. 

^"^I'Sli^HiS'i^-ii^***'  ^^-  S*^™®  sixteen  years  ago  another  agent,  capnble  of  briftgaf 
aboutt  in  a  mnnner  Biinilar  to  alkalies  and  ftcids,  tlje  dissociation  of  fatty  matters  bio 
glycerine  and  fatty  acids,  was  introduced,  this  agent  being  simply  superheat^  , 
at  high  pressure : — 

Tripalmitine, 


Water. 


Palmitic  acid. 


Glycerine, 

Tlie  idea  of  submitting  fatty  matters  to  a  similar  method  of  treatment  is 
one,  for  in  tJie  researches  of  Appert  (1823)  ^^^  Manicler  (1826)  some  hints 
on  the  decomposition  of  fiits  by  means  of  suporheated  water ;  but  th©  aim  of 
technologists  was  different,  for  in  theii-  experiments  they  employed  staam  to 
the  tallow  from  the  cellular  tissue  it  is  contained  in,  and  for  tliat  pnrpoae  a 
tore  of  115- to  121^  was  quite  sulficient,  while  at  a  temperature  of  180**  and  a 
of  10  to  15  atmospheres  (=  150  Iba.  to  225  lbs.  pressure  to  the  square  indi^ 
can  exert  a  far  more  energetic  action  upon  the  nentml  fata,  dissociating  tkrim 
thus  settinj^  free  their  constituent'?.     The  knowledge  of  this  interesting  fact  is  dl 
the  researches  of  Tilghmann  and  Berthelot,  who  ahuost  8Lmultaneoii;sly  made 
discoverj^  in  the  year  1854^  while  shortly  after  Melsens,  at  Brussels,  obtninod 
game  result.    As  regards  the  industrial  appUcation  of  tliis  discovery,  Tilghmaaa 
^felsens  made  further  researclies;  their  modes  of  operating  are  very  g^milar. 

Tilghmimn  adds  to  the  neutral  fat  about  to  be  decomposed  one-tliird  to 
of  its  bulk  of  water,  and  pours  this  mixture  into  a  sufficiently  strong  Teasel  in 
the  duids  can  be  snbmilted  to  the  action  of  lieat,  viz.,  a  de;jree  nearly  as  liiglh 
melting-point  of  lead,  320".  This  vessel  is  so  arranged  that  during  the  o]^ 
can  be  closed  so  as  to  prevent  on  the  one  hand  the  evaporation  of  water,  luid 
other  ftihnit  of  a  sufficiently  strong  pressure.  The  process  is  carried  on  ooni 
by  causing  the  fluids  to  circulate  through  a  tube  heated  to  tlie  rccitiired  tempeiattnT 
Melsens  ni>*a  a  Papin  s  digester,  in  which  the  fat  to  be  decomposed  19  heatf^l  to  i&r'H 
200"",  vnUi  10  to  20  per  cent  water,  to  which  i  to  10  per  cent  of  sulphuric  acid  haiVtt 
added.  Wright  8  and  Fouches  apparatus  consists  of  two  hennetically  closed 
vessels  placed  one  above  the  otJxer  and  connected  together  by  means  of  two  tui 
of  which  reaches  nearly  to  the  bottom  of  the  lower  vessel,  and  ends  in  tlie  uj 
just  above  the  bottom. 

The  second  t»d>e  is  fixed  into  tlie  lid  of  the  lower  vessel  and  passes  throogli 
upper  vessel  reacliing  nearly  to  its  cover.     The  upper  vessel  is  the  ^team-i^'c 
while  the  decamporiition  goes  on  in  the  lower  vesscL     When  it  is  intended  tn 
with  this  appiratus,  the  steam -gen  era!  or  is  filled  witli  water  nearly  to  the  piii 
wliich  the  first  tnbe  end£  in  it.    The  second  vessel  is  then  filled  with  mnltitn 
that  this  material  reaches  the  top  of  the  second  tube.     There  remains  thns  a 
epnce  between  the  fat  and  the  lid  of  the  second  vessel,  which  space  is  lena«d  bv  i^ 
patentees  chamhr^  d'expaMion,  expansion  room«    Heat  being  applied  to  tk« 
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|he  steam  formod  is  carried  by  the  seoond  tnbe  into  the  expansion  room,  and 
hecoming  condensed  forces  it  way  downwards  through  the  specifically  lighter  fat 
knd  flows  tJu*ouj,rh  the  first  tube  at^'ain  into  the  generator.  In  this  manner  the 
beutriil  fat  is  intiniiitely  mixt-d  at  a  hi;jfh  temperature  and  under  hi^h  pressure  with 
krater,  and  completely  dissociated  in  a  short  time  into  fatty  acid  and  glycerine. 

j*wittiMtonir»f  Fniiv  ^d.ii       V»  AlHed  to  tbe  procesB  just  described  U  the  operation  carried 
^SS^l^ll'i^h'^^T^     on    by    the    welLknown    Price's    Candle    Company.    LimitcHi,   at 
DiitiiJiiti.ui.  Battersea.     Gay-LusBiic  und   Dnbrunfiiut   hiivo   iilreacly   tried    to 

ipply  to  industrial  purposes  the  fact  tbiit  neutral  fats  are  dlt^sooiuted  by  distillation, 
j^eldrng  fatty  adds  ;  but  notwithstanding  that  these  mvant*  employed  fitcum,  the  results 
ibtoined  did  mtt  Answer  the  expectiilion,  because  a  portion  of  the  fiitty  matter  was 
iecomposed,  yieJdiriR  acrolelne  ant!  leaving  a  earbonaceous  residue.  Wilson  and  Gw)*nn« 
were  more  successful  with  their  experiinentK,  and  by  using  a  diHtilling  apparatus  similar 
h>  that  describeil  on  p.  625,  they  obtained  by  means  of  superheated  fttetim  the  eomplete 
lusoeiatian  of  the  nentral  fats  into  fatty  acids  and  glycerine  ;  while  by  closely  watching 
ind  reflating  tbe  temiwrature,  they  not  only  could  completely  saponify  the  neutral  fats, 
|<at  aiao  distil  the  fatty  iicitls  and  glycerine  over  without  undergoing  any  decomposition. 
'  The  retorts  have  a  cubic  capacity  of  60  heetohtrea,  and  are  heated  i»y  direct  fire  to  a 
fccmperature  of  igo"  to  315^  A  mnlleable  iron  Rteam-pipe  conveys  steam  at  a  tempo- 
pfcture  of  315"  into  the  molten  fatty  matter.  The  admission  of  steam  is  continued  for 
^enty-four  to  tbirty-six  hours  according  to  the  kind  of  fat.  The  aaponification  proceeds 
pgttlarly  and  the  ]>roducts  distil  over  and  are  oollected  at  tbe  lower  aperture  of  the 
Httag  apparatup.  The  fatty  acids  are  at  once  fit  for  candle  making  purpoees,  while  the 
^^pine  is  purified  by  a  subsequent  distillation  with  steam.  As  (dready  mentioned,  the 
^Hfer  temperature  has  to  be  scrupulously  mnintnined,  for  if  tbe  temperature  falls  kdow 
^^ft  the  sapouitieation  ]>roeeedft  very  slowly ;  hut  if  the  temperature  rises  much  above 
piF  degree,  a  portion  of  the  fatty  substance  is  decomposed  and  acroleine  is  formed  in 
urge  quantity. 

cudi*  M*idn«.  B.  The  iidck  is  a  very  important  portion  of  stearine  candles,  jmd, 
bdeed,  of  all  kinds  of  candles,  because  in  the  interstices  of  the  wick  the  molten  fatty 
tiiAtter  of  the  candle  is  drawn  upwanlti  t*}  the  flame.  The  ^dck  ought  therefore  to 
lonsist  of  porous  substances,  and  in  the  case  of  candles — for  lamps  it  is  not  eo  reqm- 
■ite — it  sliould  he  combustible, 

I  It  is  essential  that  Llxo  wick  be  of  uniform  thickness  through  its  entire  length  and 
free  from  knota  or  loose  threads.  The  yam  ordiuaiily  used  for  making  wicks  is  the 
lightly-twiat^^d  cotton  thread  known  in  the  trade  as  No.  16  to  20  for  tallow  caudles, 
ind  No.  JO  to  40  for  ateariue  candles.  It  is  evident  that  the  more  uniform  the  wicks 
Bie  belter  fitted  they  are  for  capilbirj*  action,  and  lience,  provided  the  illuminating 
jBiaterial  be  pure  enough,  a  uniform  c^rabusliou*  Formerly  tlie  wieka  were  always 
briAted,  and  for  tallow  and  wax  cniidles  this  is  still  frequently  the  case»  the  siniyile 
ibreiuifi  being  placed  next  to  tmch  otlier  and  tlicn  turned  so  as  to  fonu  a  verj'  elon- 
|ai€d  spiral.  In  order  to  obviate  th«  snuffing  of  the  burning  caudles*  Cmn- 
baceres  introduced  tbe  plaited  wicks,  which,  while  burning,  become  so  twisted  tlmt 
the  end  of  the  portion  of  the  wick  which  protrudea  from  Uie  tallow  or  atearine  is  kept 
(list  outside  the  tlame,  so  that  it  may  be  consumed  to  ash  by  Uie  ambient  air. 
Before  the  wick  can  be  used  in  candles  it  has  to  be  prepared,  because  unprepared 
Brick  leaves  by  its  incomplete  combusLion  a  considerable  quantity  of  a  carbonaoeoua 
^gidue  which  gre^atiy  impairs  the  capillary  action.  When  stearine  candles  were 
Irst  made  it  became  necessary  to  impreguate  wicks  with  substances  which  should 
jatwmote  the  combustion,  and  Be  MiQy  fotind  nS^o)  that  boracic  and  phosphoric 
jlddd  would  answer  this  purpose,  because  tlicse  acids,  while  combining  with  Uie 
poiwtituenta  of  the  ash  of  the  wick,  caused  Llie  ash  to  form  at  Qic  top  of  I  he  burning 
Wiek  a  glass  bead,  which  by  its  weight  turned  the  wick  out  of  the  llame,  thereby 
bcTi«fiiiig  the  combustibility     In  tlic   French  candle  factories  the   wicks   to  bo 
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prepared  are  put  for  Diree  eotisecutiye  hours  into  a  soluticm  of  i  ktloi*  dthsmum^^ 
in  50  litres  of  wftter.     The  previanalj  )>1aited  wick^  are  uexi  either  wrtitig  oat  \ 
into  a  centrifugal  jnachino  to  get  rid  of  the  first  excega  of  moisture*  nflcr  wh 
are  dried  by  being  plact-d  in  n    aeketti^d  tinned-iron  box,  wltioh  ia  heated  by  1 
steam.     Some  alcoliol  slionld  be  added  to  tlie  aqueous  solution  for  the 
wetting  the  wiettji  moro  perfectly*     Payen  recommends  a  pickling  liquor  for 
composed  of  a  solution  of  5  to  8  grms,  of  horacic  add  in  i  litre  of  water,   to 
3  to  5  per  mille  of  sulphuric  acid  is  adiled.    In  some  Austrian  steanne  oindlefifteU 
phosphate  of  ammonia  is  used  to  impregnate  i\\^  ^icks :  while   Dr.  BolW  1 
attention  to  the  use  of  a  solution  of  sal- ammoniac  at  2**  to  3*  B.  aa  a  chemp  pic 
for  witks. 

itoui4jA«  th«  Ccndiet.       The  blocks  or  cakeK  of  stenne  acid  obtained  m  deaetih 
sofficientty  pure  for  mouhiiiiK-    The  edi^ea  of  the  blocks  are  often  more  or  '. 
and  Hoft,  owing  to  ^ome  oleic  acid  not  having  bf  ini  prf'ssod  out^  while  the  i 
blocki^  ifl  coDtiiminated  with  oxide  of  iron  and  the  hair  of  the  presa-bl[^^ 
purify  the  blocki;  or  eake^  (in  this  countr>'  they  frequently  w»'i  >•  '^-"^    1 1  ».^ 
edges  fire  pared  off  and  the  eiirfnce  is  scraped,  the  refuse  ^ 
mitted  to  hot^rejidng.     The  blocks  thtiti  treated  are  next  j 
and  dilate  snlphuric  acid  of  3'  D.  —  I'oao  sp*  gr«  hnvrnt;  been  poured  c 
iii  heated  by  mejiris  of  <*tejim,  the  aim  of  this  operrttion  being  to  remov* 
destriiy  the  6bres  of  the  pre^s-bag,  and  not,  as  is  sometimt^s  stated 
traeeti  of  etearate  of  lime,  which  of  course  cannot  be  prei^ut. 

Bolpharic  acid  has  been  continued  for  a  suAicient  time,  it  is  run  o.:    .... 

Hm  aeid  TSimOTed  by  washing  the  stearic  acid,  of  course  Rgnin  molten,  with  1 

The  molten  stearic  acid  is  then  claritied  by  means  of  a  ctTtuin  quantity  of  1 

which  iBthoronghiyFtirredtlirough  the  molten  msEis  heated  to  the  boiling-point  nft 

mixed  with  it.     The  impnrities  which  become  mixed  nnd  ineorporuted  with  ihm 

egg  settle  at  the  bottom  of  th*^  vessel.     The  great  1'  '    V       *  * 

use  in  large  folijited  errisiitlH  ranged  nt  thf  commt  1 

business  a  difii colly ,  camiJes  of  unequid  trftUfipartin  . 

obtained.     The  defect  was  remedied  by  the  addition  of  a  sniuJi  qn.i 

but  as  this  proved  detrinifntal  to  health  furseninretted  by<irugen  ri> 

acid  being  evolved  during  the  burning  of  such  condksK  the  use  of 

prohibited  by  law,  and  in  England  eondenmed  by  public  opinion. 

arseniouR  acid»  t^ome  2  to  6  per  cent  of  white  wait  has  been  ad-T- 

while  molten^  continually  stirring  nntil  nearly  solidified  previous 

acid  into  the  oandle^mouldfi  prei-iously   heated   to   the   mehfTu- 

By  the  cooling  nnd  t^tirriog  a  kind  of  fluid^at  paste  was  ol 

tadhse.     Now  some  20  per  cent  of  parallin  is  added  to  the  stem 

cryslftllise  nltofjether  suspendeth 

The  can  die- moil  his  are  made  of  an  alloy  of  tin  and  lead,  uiuaDy  coDsiattnir  ol  5 
of  tin  t^:*  10  of  lead >     The  moulds  are  narrow,   Fomewhat  conical  -*-'         V'   '^         _^ 
internally  in  order  to  impart  a  Frntjoth  i^nrftiee  to  the  candles.     1  1  fel 

longitudinal  axis  of  the  niouldr;.  beioR  faF^tfiicd  at  one  end  (the  top  ■  . 
in  a  f^mall  hole  at  the  bottom  of  the  mould,  and  at  the  other  end  fastened  t' 
wbi<^h  the  fatty  acid  is  poured  into  the  mould.     The  shape  of  th**  ti> 
French  stearine  candle  works  is  exhibited  in  Fig.  269.     a  ie  a  ii' 
parts,  viz.,  the  mould  proper  nnd  the  funnel,     h  exhibits  these  tw> 
and  c  a  longitudinal  section  with  the  wick  iuBerted,  while  d  is  the  \\u^ 
the  wick  is  passed  through  the  mould.     For  the  mouliU  now  generally  u 
bsMn  or  box   is   employed  to  cc^ntain    thirty   motilde.     This  hatpin   r  r 
exhibited  in  Fig.  270.     a  n  is  a  larpe  sheet-iron  or  tinned  box  in 
placed.     This  box  is  fitted  into  another  of  similar  ghape,  b  b«  whi*  I 
kept  at  a  temperature  of  loo"*     As  soon  as  the  moulds  are  heated  to 
removed  from  »  b^  and  the  molten  stearic  acid  is  poured  into  the  ui 
mouldft  and  the  candles  contained  haye  become  quite  cnl^    *^     1  ....- 
moulding  machines  are  generally  employed,  so  that  thi  if^d  unintcr> 
ruptedly,  the  construction  of  these  machines  being  su  1  I  \.  Ar^^n 
through  the  moulds  while  the  candlop  remain  joined  togetii 
until  after  the  moulding  is  eomplete^  the  candles  when  cold  b' 

and  the  wicks  out  through  to  separate  them,    Cahouet^s  and  M"rgn»e'ia  n^H'^hian  act 
chiefly  used. 
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r    *>  r  -tortriTie  cantUes  are  pared  and  polished  the^v  nro  in  some  works  Meiiclicd  hy 
\ivv  I    Ut   the    nc'tit'ti  of  J  be   sun's  rays  and  to  devr  in  open   air.     Tbe  ejmdlt*3 

lire  1  -  ,     liic  hk'Hcbing- ground  by  mechanical  fielf-aetin^^  tneaiis,  consisting  of  a  tlotb 

with  GUI  pnd^  and  which  is  coiinect*tl  \inth  a  Bii^htly  sloping  table,  upon  which  the  candles 
we  piact*il.  and  caught  by  thp  cloth »  which  is  fitted  with  a  tJeries  of  roiiiided  wooden  laths 
^Ldtened  across  th**  clolh,  wberi^by  the  candles  are  held  in  position,  F^r  the  purpose  of 
ntposinf?  the  candles  to  the  action  of  tlie  air  they  are  placed  on  a  frame-work  similar  to 
that  oi  a  tablp,  iiiFtcad  of  tht^t**p  of  which  are  stretched  two  textures  of  lead-wire,  each  of 
these  texturei^  in  a  hon7;€*iitrtI  plane  distant  from  each  other  about  baJf  the  height  of  a 
eiuidlc.  The  meshof*  of  the  upper  \**irenet  are  so  wide  that  a  candle  c&n  bo  pat^sed  through 
it,  whilo  the  mofihf*s  of  the  lower  wire  net  are  narrower.  The  candles  are  one  by  one  put 
into  the  meshes,  the  pt^anted  portions  of  the  candles  being  phioed  upwards,  while  the  base 
Tests  on  the  lower  wire  net.  In  tlilfi  pofiitiou  the  candles  are  left  for  some  time  according 
to  the  season  of  tho  veur.  When  bleaobed  the  caudles  are  pared  and  polished  by 
machinery. 

T«Uo«r  t  undii>«.  2.  Eefined,  pnritied  tallow  is  used  for  making  the  dtp  an  well  as  the 
moulded  tallow  candles**  Tbe  <lip»<  are  made  by  the  repeated  immer*iion  of  the  wicks  in 
molten  tallow.  On  the  BmuU  ecalc  thiK  operation  is  performed  in  the  following  manner  : — 
The  tuUow  tronjfh  having  been  Mled  with  molteu  tailow,  the  wicks  looped  on  a  woodeu  or 
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fihin  iron  rod  are  immersed  in  the  tallow.     According  to  the  weight  it  is  desired  to  give  to 

he  eaiidlcs,  from  sixteen  to  eighteen  wicks  are  looped  on  to  the  dipping-rod,  care  bemg 

1 1  .1  .      r.    p]a(.e  them  as  much  as  possible  equidistant  from  each  other-  this  done  the  wioks 

i  vertically  into  the  molten  taUow.     At  the  lirst  dip,  when  the  wicka  are  to  be 

ho  molten  tallow  should  be  hot»  because  hot  tallow  penetTfttes  more  rcacUIy  into 

jibe  uiht+^r«tiees  of  the  cotton.     After  the  first  dip  the  dip-rfwla  are  placed  on  the  edge  of 

h©  tailow  trough,  and  next  alternately  hung  over  the  dripping  frame  after  the  somewhat 

wifited  wicks  have  been  put   straight  again.     The  dripping  fnimo  is  simply  a  wnudeii 

ue-work,  on  the  edges  of  which  the  dippiug-rods  rest,  while  the  wicks  are  sospeuded 

Bvcr  the  tallow  trough  or  another  suitable  vessel.     When  (ill  the  wicks  looped  on  to  the 

ipping-rods  hare   receiYtd  their  first  dip,  aud  the  tallow  in  the  trtuigh  has  been  j^o  far 

ooled  us  to  begin  to  exhibit  at  the  sides  of  the  vesael  signs  of  s^.lidificali*»n,  the  second 

lip  is  proc^led  with  and  the  operation  continued  until  tb*^  rnndlrH  have  assumed  the 

red    thiokness.    As  the  lower  portion  of  the  candles  would  become  frequently  thicker 

the  upper,  this  defect  is  obviated  by  keeping  the  lower  end  rd  the  candle  for  a 

aoment  m  the  molten  tallow^  ao  that  the  eitces^  adhering  to  the  candle  may  be  melton  oft 
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Again.     7x1  order  to  kot^p  tlie  tallow  in  tbe  trough  at  a  uniform  degree  of  floiditjl 
now  and  then  stirred  with  a  wooden  rod.     At  the  lant  dip  the  candles  are  poi  into  j 
trout^h  at  a  i»oinowhat  greater  doptb  iu  order  to  fonn  the  upper  conical  portiofi. 
]ower  end  of  the  candleH  exhibits  a  noD-Kyuiinetrical  cone,  which  is  either  cut  i^vifl 
removed  by  phicing  the  oandles  for  a  mom^'nt  on  a  copper  plate  heated  bj  1 
provided  with  a  channel  for  running  ofl  the  molten  tallow. 

Moulded  tallow  candles  are  mado  iu  a  similar  manner  to  atearine  candlea.  Tbe  i 
U»ed  for  the  moulded  eaudleg  is  usaally  of  better  qnalitv  than  that  use  I  '  ■ 
at  least  on  the  continent  of  Europe ;  not  tto  its  England  and  Aaiericiv, 
refined  tallow  U  used  for  dips  by  tbe  better  ciaisfa  of  makersi,  tbe  thus  r* 
harder  owing  to  the  mcula  of  purifying.  What  are  termed  composite  <■ 
on  the  Continent)  are  made  by  precinely  the  Bamc  method  ub  the  n 
candles,  tbe  wieks  also  being  plaitetl.  Moulded  tallow  candles  haTC  bcvii  LututJy" 
fieded  by  compo^iiteK,  excepting  that  ill  8ome  of  the  central  parts  of  £ar«>f>«»  looQ; 
moulded  tallow  caudles  are  here  liiid  there  made.  One  of  the  largest  Ixjudou  firms  t/UlM 
that  the  nmnufaeture  of  candles  (almost  all  moulded,  viz.,  composit£t»,  simhaw* 
paraflin,  ozokerite^  Kpermacetii,  for  exportaticm  from  this  country  to  all  parts  d 
tbe  world,  is  increaNiDg  to  such  an  extent  that  the  oandle  maJdng  basiness  in  Eq»4«i 
Turkey,  Gret»ce»  Italy,  Spain,  Portugal,  Sweden,  and  Norwiyr,  ifl  becomiug  mp 
extinctt  not.  being  capable  to  compete  on  tbe  »uall  »cale  with  t^e  large  makers  in  I 
count rj'  and  in  Franco,  where,  however,  the  late  lamentable  eventa  have  rerr 
interfered  with  this  branch  of  industry, 

p«mfflji  cundicf.       ParaiBn  is  obtained  from  native  petroleum  iBangoon  oil)  or 
among  tlie  products  of  the  dry  difiiillation  of  peat,  brown  coal,  lignit<»*  hi 
slates,   boghead  minoml  or  ozokerite  (a  peculiar  mineral,   wax-like.   Aiid 
paraffin — it  occurs  in  Galicia  and  Bohemia  in  largo  quiuittties)     It  ia,  aftei 
been  purified,  the  substance  from  which  tlie  beautiful  parnHin  candles  itre 
precisely  the  same  methods  aiid  apparatus  aa  are  used  and  have  beeo  dej 
Btearine  candlcii.     The  parafllu  eu]  ployed  for  making    candles    ia    a    tuii,i 
panffins  having  d  life  rent  melting-points. 

Pttruihn  obtained  from  bogliead  coal  fuses  at         45'5^  to  52^. 
n  »  f*    brown  cool  ,,        56  o" 

„  »  *f    peat  „        467* 

„  „  „    Rangoon  oil  or  tar    „         6i  o* 

ft  M  J,     ozokente  „         ^S'S" 

-    Afl  the  German  paraffin  candle  makers  use  almost  excluaively  a  para^  Jna 
brown  coal  {liguite).  and  peat,  atid  of  a  con^paratively  low  melting-point  I45'  tft* 
etearic  acid   is  added   for  the  purposrc  of  raising  Uie   temperature   at    %vhtfih 
paraffin  melts.     The  quantity  of  stearic  acid  (technically  stmrine)  added,  def 
niucli  upon  the  point  of  fusion  of   the  paraffin  as  upon  the  season  of  th« 
summer  candles  beinfj  made  uitb  a  larger  quiintity  of  stearine  ihan  winter  caniHia ' 
The  quantity  of  stearine  thus  added  to  paraffin  amounts  to  3  to  15  per  c^ail,  whUdJ 
already  mentioned,  paraffin  to  an  amount  of  15  to  20  per  cent  is  added  t«>  j 
candles.     A  small  qunniity  of  stearine  is  nhvays  added  to  paraffin  candles 
purpose  of  preventing  these  candles  becoming  bent  while  standing  in  a  candl 

The  first  paraffin  candles  over  madf*  uere  Tnanufaclured  by  Messrs    Field, 
beth,  from   paraffin   extracted  fn)m  Irish    p*'at,   now  very  many   years   ag 
before  paraffin  was  seen  or  knowti  elsewhere  than  as  small  speditiens  in  < 
laboratories.      Paraffin  candles  are   always  moulded,   and   the  moulds  are 
to  above  the  melting-point  of  the  paraffin  (6o^  or  better  even  70*1,  in  order  to  j. 
vent  tl^e  paraffin  crybtallising.     Tlie  moUen  paraffin  is  heated  to  al>out  60''  whru  i^ 
oast  into  the  moulds ;  these  when  well  tilled  are  left  standing  for  a  numie'iit  and  1    _ 
cooled  by  immeraiou  in  cold  water,  whereby  tlie  candles  suddenly  &olidify,  and  iff 
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\i\xs  prevented  bpcoming  crystalline  and  opuquev  inatead  of  transparent  as  desired. 
iiitcd  wicks  are  used  in  the  pamffin  candles,  und  these  wicks  are  treated  with 
orocic  acid.  For  black  parafiiTi  candles  the  pamffin  is  hejited  t<>  nearly  its  boiling- 
oint  with  anacardinm  shells,  the  resin  of  which  is  dissolved  by  the  paraffin,  ' 
he  hitter  hcc^miing  ven,^  durk  brown,  and  cxIiibitiniTf  after  cooling  a  Wnck  colour, 
hir  to  that  of  coals.  These  black  candles  burn  without  smoke  or  snielL  provided 
tke  wick  be  thin ;  tliis  is  a  requisite  in  all  paralfin  candlea. 

4  itT.ni  PutiT  Actdi.       We   mnsrt   not  neglect   to   call   attention   here  to  a  fatty  aeid| 
bylio  iicid,  CtcHtjO^.  which  mi^^ht  perhapfl  h^  used  to  impart  to  paraffin  and  othefl 
b  of  cundk^w  a  higher  njvlting-point.     This  acid  may  be  obtained  hy  th*  dry  dtstill»-^ 
ou  oi  oleic  acid»  or  better  by  treating  caster  oil  with  a  highly  coueentratt'd  caustic  Bodft 
_olution.     In  the  latter  instance,  the  ftebftcylic  acid  is  derived  from  the  ricinoleic  acid 
(c»etor  oil  is  in  Latiu  termed  Oleum  Ricini) : — 
J  /  Sctbacylate  of  soda,  CioHigNaaO^  =  246 

^tticinoleic  acid,  CisH^^Oj  __=298|  ^^^^  j      f  -  1S4  fatty  acifL)_ 


„^ „,nd,  CisH^^O,  =  298| 

!aiLBtic  soda  B«lutian,  2NaOH  ^    Bo\ 


378 


yield 


Crtprylic  alcohol,  CgHisO 
,  Hydrogen,  Hj 


130 

a 
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Aeeording  to  these  formnlfle,  too  parts  of  castor  oil  will  yield  rather  more  than  Si  parts 
of  fatty  acid.     Thia  fatty  acid  is  no  doubt  also  contained  in  the  products  of  the  distillatioa  1 
<if  the  fatty  substances  formed  by  hiUphiirio  acid,  the  sebacylic  acid  being  thenderivti)  frumj 
oleic  add.*     The  high  meltinj,'poiut  (127')  of  sebncylic  acid  and  its  ready  combustibility 
Tender  this  body  a  very  fit  material  for  being  mired  with  readily  fusible  candle  materials, 
g      snd  cBpedaliy  with  paraffin  of  low  f aftion-point  (45').     Moreover,  this  acid  will  impart  to 
^Bbe  candles  hardness  and  gIos«.     As  this  aind  further  also  prevents  the  crystalhsaiiou  of 
^Ktearie  aeid,  it  might  be  usefully  added  to  aueh  fatty  subsianees  as  have  a  great  teudency 
^^^  crystallise ;  an  aiitiition  oi  i  to  5  per  cent  of  aebacylic  ncid  to  the  eatielle  materials, 
^■renders  them  as  hard  aa  wax.     The  simultaneous  formation  of  eaiintbc  lileobuJ,  which 
^»  can  be  used  for  varnish  and  lacqufr  mtikiug,  cnhmices  the  imltidtrial  value  of  t^ebacyUtt- 
acid;  Rtill  castor  oil  is  too  expensive  for  thifl  purpose,  but  the  puriti«ation  of  scbaoyli 
oeid,  obtained  no  matter  fmm  what  source,  is  not  easy,  requiring  mauipuJations  which  od 
the  large  scale  would  become  expensive. 

waxCAoduc      4.  Wax,  or  more  parttoukrly  bees' -wax,  is  a  fatty  substance  secreted^ 
by  the  bees,  and  employed  by  them  for  the  pnrpose  of  building  the  cell;*  in  which 
they  preserve  the  honey.     According  to  the  researches  of  J.  Hnnter  and  F.  Hubner, 
it  ia  now  generally  admitted  that  the  wax-containing  particles  gathered  by  the  bees 

»fmm  flowers  are  used  exclusively  as  food  for  the  young  brood,  wJiiie  the  wax  is  a 
product  of  the  animal  organism  of  the  bees,  nnd  a  conversion  proiluct  of  su^'ar.  In 
order  to  obtain  the  wax  the  bees  are  eitlier  killed  or  forced  from  their  dwi-lliug  by 
«Doke,  after  winch  the  honey-contaijung  cells  or  honeycombs  are  taken  from  the 
hive,  and  the  honey  eliminated  by  pressure,  or  by  being  allowed  to  flow  out  sponta- 

Ineously.    By  washing  in  hot  water  the  wax  is  purified,  and  on  cooling,  the  cakes  of 
yellow  wax  are  obtained,  tlie  outer  dirty  crust  having  been  removed  by  scraping.  The 
crude  wax  tlius  obtained  exhibits  a  more  or  less  yellow  colour,  is  soft  and  readily 
Jfiieaded  at  the  ordinary  temperature  of  the  air,  but  becomes  brittle  at  a  lower  tem- 
perature :  its  fracture  is  grainilar  ;  specific  j^Tavity  varies  between  o'962  and  0967  ; 
Ibaion-point  between  60^'  and  62°,     While  the  granular  texture  of  the  yeJlow  wax  ia 
due  to  the  impurities  it  contains,  it  is  for  that  reason  as  well  as  for  its  unsightly 
.isolour.  not  suited  for  canclle-makiiig,  and  liaa  therefore  to  undergo  bleaching.     This 
performed  in  the  following  manner ;— First,  tlie  yellow  wax  is  put  into  a  tinned 
fper  cauldron  filled  with  boiling  water,  to  which  is  added  o  25  per  cent  of  alum,  or 
1  of  tartar,  or  sulphuric  arid*  and  this  mixture  thoroughly  stirred.     After  a  f<pw 
amutcs  the  liquid  is  ruu  oil'  into  a  tub  or  ctisk,  the  impuritieB  are  left  to  settle,  wlub 
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iof  low  fusion -i>oiiit,  5*  Piilm  wax,  obtained  from  the  bark  of  the  Ceroxylon 
mamdicola,  a  palm  tree  met  witk  on  tJie  higher  peaks  of  the  Cordilleras.  The  wax  ia 
Ibcrapeii  from  the  bark,  and  the  acrapinga  are  boiled  with  water,  and  the  wax  thus 
pnoltpD  is  <*ollecled  from  the  surface  of  the  liquid,  in  which  the  iiaparities  remain, 
■Tills  kind  of  w^ax  fuses  at  Sj*" — 86\  and  is  very  likely  identical  with  the  Carnaaba 
rvrax.  6.  The  ^lyrica  wax,  from  the  Mijrica  cerifera,  is  obtaiiiLd  by  boihng  tlie 
Urilit  of  the  plant  with  water.  It  is  imported  from  some  of  the  Soathern  States  of 
Fthe  Union.  The  variety  of  this  wax  known  as  Ocnba  wax  is  obt4iiued  from  the 
L  enme  plant  and  in  tlie  same  manner,  in  Uie  district  of  Para,  Bnizih  along  the  banks 
■  of  the  Amazon  river.  This  wax  liaa  an  olive  green  colour,  and  fuses  at  36^  to  48*. 
Ill  ia  used  in  America  for  makin^ij  candles.  We  may  add  here  that  of  all  countries  in 
|(£tirope,  if  not  id  tlie  world,  Corsica  produces  the  largest  quantity  of  wax.  In 
I  ancient  as  well  as  medieval  times,  the  inliabitaiits  paid  their  taxes  in  wax.  and 
lirapplied  200,000  lbs.  annually.  Since  wax  is  to  honey  in  quantity  as  i  to  15, 
l.the  Corsicans  must  have  gathered  3,000*000  lbs,  of  honey, 

L  ^te  Making  of  Wax  C(U)di«ii.      Wat  candles  are  moBt  frequently  made  by  pouring  the  moltfiH 

Mgo;  on  to  the  wicks.     For  this  purpose  the  wick*  are  hung  upon  fraiiiog  and  covered  with 

^^Sill  tags  at  the  ends  to  keep  the  wax  from  covering  the  cotton  in  tbose  places ;  these 

H^mes  we  oarriod  to  a  heater,  where  the  waic  is  melted.     Tbe  fraiues  can  turn  round,  imd 

kslliay  turn  a  man  takes  a  vessel  of  wax  and  pours  it  first  down  one,  and  then  the  nextf 

Rftd  «o  on.    When  be  has  gone  once  rouud,  if  the  wax  is  sufficiently  couled  bo  (Lj^yes 

I  the  fiiiit  wick  a  second  coat,  tben  the  third,  Ac,  until  they  are  all  of  the  required  tliick- 

I  ness.     The  candles  are  now  rolled  on  a  marble  slab  or  wooden  board  for  the  puqitoBe  ol 

I  imparting  the  proper  shape.     The  conical  top  is  moulded  by  properly  shaped  tuhe«,  and 

I  the  bottoms  are  cut  oS  and  trimmed.     The  moulding  of  wax  candJes  is  now  rarely  if  ever 

I  performed,  but  if  executed,  it  h  done  in  precisely  the  same  mftniit?r  as  doBcribod  for 

I  fiteariiie  and  paraffin  ciiiuUes.    Wax,  however,  is  not  a  very  Suitable  material  for  moulding, 

I   in  contiequenco  of  itH  Hbriuking  on  cooling,  as  well  as  its  pertiuftcious  adliereuce  to 

the  moulds.     The  wick  for  moulded  wax  candles  must  be  previously  soaked  with  wax  in 

order  to  preyeut  the  caudles  becoming  as  it  is  termed  honey-combed.     The  wax  h  molten 

yOtk  a  water-bath,  and  glass  moulds  are  used  in  preferenoo  to  metal  onen,  as  well  for 

tba  smooth  surface  glasa  imparts  as  for  the  more  ready  removal  of  the  cundlos  when  cold, 

'  In  order  to  prevent  the  breaking  of  the  glass  moulds,  they  are  covereil  with  guttaqu-rcha. 

[Hie  large  siz&d  altar  candles,  which  oftt^  weigh  ftom  15  to  20  kilos.,  ure  not   made 

hj  either  of  the  two  methods  described,  but  by  hand.     The  wick,  partly  made  uf  linen, 

partly  of  cotton  yurn»  is  fir  tit  soaked  with  wax,  or  covered  with  that  material  cut  into  long 

strips,  rendered  soft  and  kneadable  by  the  sid  of  warm  water,  and  luxt  made  up  to  the 

required  thitknr  .^h  by  r«^illing  on  more  wax;  or  a  quantity  of  wax  is  rolled  by  baud  into 

the  required  sJifipi',  and  tbe  wlek  inserted  by  cutting  a  longitudinal  chauntl  hi  the  masa  of 

wax  intu  whi'li  {ho.  wick  is  placed.     The  channel  is  filled  up  with  wax  and  the  candle 

finished   by  rr.llini::.     Very  recently  (1870)  Messrs.  Bieas  have  constnicted  a  pre»s  for 

lUHkiriLr  w.L\  raiidl*>^.    Tbe  arrangement  of  this  machine  seems  to  be  somewhat  similar  to 

lb»/  I  ff»r  miikiDg  continuous  lengths  of  lead  and  block-tin  pipes,     Thiu  wax 

can'  1^  heated  by  aieam  so  as  to  render  the  wax  soft.     The  wick  is  inserted  into 

Hie  vvai.  ill  ^ufb  a  manner  that  it  is  concentrically  surrounded  with  wax  when  ejected 

from  the  spout  of  the  cylinder  of  the  pretiB,  thus  lormmg  a  oontmuons  candle ^  which  is 

cut  up  into  ktigthF. 

The  wax  tapers  of  various  thickness  are  made  by  a  method  of  which  the  following  is 
_n  out  hoe  —In  tbe  first  place,  these  tapers  are  not  made  of  pure  wax,  but  nf  wax  and 
tallow  mixed,  in  order  to  impart  fieiibility ;  while  for  coloured  wax  resin  and  turpentine 
are  addled  to  the  tidlow.  The  wick  of  tbe  tapers  should  be  very  uniform,  luid  the  strands 
of  yarn  intended  for  this  purpose  are  reeled  on  a  cyhnder  or  drum  placed  at  one  end  of  the 
workshop,  while  at  the  other  end  ie  placed  a  similar  ilrmn.  Bt^t ween  tbe^e  drum>t  is  placed  a 
sbii  i  r  pan,  which  can  be  kept  warm  by  means  either  of  steam  or  a  charcoal  fire. 

Tlk  tilled  witli  tbe  molten  wax,  and  provided  with  a  hook  at  the  bottom,  below 

or  iiii^uK"  '^^'  opcining  of  which  the  wick  is  drawn.  At  the  edge  of  tbe  pan  a  draw>iron 
JB  fixed,  provided  with  circular,  somewhat  conical,  apertures  of  different  size,  arranged 
in  the  same  way  an  those  described  (see  p,  25)  for  wire-drawing.  The  wick  is  lirawn 
ihjou^h  the  wax^  put  under  the  hook,  and  through  the  aperture  of  the  drawing-iron,  and 
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next  reeled  on  tlie  other  crliuder  or  dram,  which  ifl  very  slowly  turned  round  in 
j^tivtj  the  wax  tinie  to  sofidlfy.      When   nil  the  wick  has  been    thn^   coated 
the  tuper  U,  when  reqiiiretl  to  b©  rendered  thicker,  \U»w«  t^  fttfcond^  fuid  evua  a 
fourth,  time  through  the  wax^  ft»d  a  larger-ftkeJ  aperture  of  the  drfiwiog^iiciu. 
ks8  taper  thus  forined  is  cut  up  into  the  rt?^ni*iitp  lon^thn. 

BcieV'Wax  i^  u^A  for  many  minor  }  >  '  ■  tiown.     Amongit  iliaai<  tt«f 

intere^^t,  may  be  noted  it«  eeieotion  by  *  at  Utr  a  lubrio^ii&g  rr**iiiri 

lor  (*rnall-arm  caxtridg<*s  and  also  for  L. , ^,  — ;.   ij;,     TLia  L*  due  pari^totfel 

power  of   rewHiinj^  oxtdulkm,  and  it»  conHet|nPUt  freeilom  from  eorro^iv©  Action  npQl 
metal  Aurfitces  (lead,  dtc.).  and  partly  to  itfs  peeuliar  action  as  a  lubricating 
produt'Lng  an  extremely  sujuuth  Hurface  upon  the  bore  of  the  arm  aa  it  is  iwr^ 
upon  the  discharge.     It  h1w>  prevents  particles  of  paper  or  powder  residue  froial 
themselTee  to  the  metal,  and  tbua  is  the  best  anti-fouiing  agent  known. 

*>""QjJ5Er*°***       Spennnceti  is  the  solid  portion  of  the  oil  of  the  »|w«rm  wh 

Pfnjset^r  nmcroctphahm,  a  cetacean  belonging  to  the  mammalia,  and  livii 

tho  setia  of  tlie  soutliern  liemisphere  of  our  globe.     The  spermaceti  is  t-i 

the  oil  by  filtration,  and  is  subsequently  hardened  and  whitened  bj  pro«giifiei, 

refining  with  a  weak  alkaline  ley»     In  some  cases  a  very  large  and  fuU -grown  t 

whale  may  yield  loo  cwts.  of  sperm  oil,  containing  from  30  to  60  cwts.  of  i 

This  material  as  met  with  in  commerce  is  a  white,  mother-of-pearl  like, 

foliated,  crystalline,  semi-transparent  substance,  fatty,  and  lubricating  to  the  1 

of  sp.  gr.  =  o'g43»  fusing  at  43^  and  distilling  unaltered  at  360*".     It  is  solub 

about  30  parts  of  boiling  alcohoL  becomes  yellow  by  exposure  to  air.  and 

pulverised.    According  to  Mr,  Smitli  and  Dr.  Stenliouse,  spermaceti  oousiats  of  fal* 

mitate  of  octyl.  Cj^Hc^Oa  =  CicHan^ieH^^jOa;  but  according  to  Heintz  (1S51K3 

maceti    is   a  combination   of    cetyl  with   stearic,   palmitic,   myristic,   cocinic, 

cetinic   acids.      Spennaceti  'candles   are   made  extensively,  if  not  exclusiv«lj 

England,  wdiere  they  were  first  maaufiictured  about  1770.      These  cnndjc^ 

always  been  greatly  prized  for  their  transparent  whiteness,  high  illmuiuating  potNf. 

and  regular  burning;    and  notwithstanding  their  costliness,  are  largely  vAfA  4»il 

exported  to  British  India.     In  order  to  check  the  great  tendency  of  Hpeniiju?><i 

to  crystallise,  5  to  10  per  cent  of  white  wax  or  a  little  paralHn  is  added  to  Lhn  fuse^ 

mass  intended  to  be  moulded   into  candles,  by  a  process  exactly    £ictiila.r  to  lim  i 

already  described  for  stearine  candles. 

C  H  \  (^^ 

m^taiM.        Glycerine,  CjHsOj  (as  triatomic  alcohol,       ^^  |  Oj,  or  CjH^   \  01 

is  present  in  the  shape  of  glycerides  in  combination  with  solid  and  fluid  £sitf  I 
to  an  amount  of  8  to  9  per  cent,  and  may  he  separated  by  treatment  wiili 
(potash,  soda,  lime,  baryta,  oxide  of  lead),  or  with  acids  ^sulphuric  acid),  and  < 
4hloriilcs  (chloride  of  zinc),  also  by  means  of  superheated  steam,  or  very^  liol  1 
'  "WitJiouf  tlie  formation  of  steam,  in  closed  vessels.  Glycerine  is  also  fnrmod  aa  a  ( 
etant  product  by  the  alcoholic  fermentation  of  dextrose,  levulose,  and  lactose.  Xoom^* 
iug  to  Pasteur  8  researches,  the  quantity  of  glycerine  thus  formed  amounta  to  1 
3  per  cent  of  the  wezfjht  of  the  sugar.  Glycerine  was  first  discovered  by  Suhfclft 
whilst  engaged  in  preparing  lead  plaster.  ludusthally,  glycerine  has  b<>cii  oatdj 
only  twenty -five  years,  in  consequence  of  the  large  quantity  of  gljoc*rine  obt 
a  l^  product  in  the  wanufacturG  of  soap  as  well  as  of  stearine  candles.  Tltc  ' 
'  ^  potato,   and  molasses  from   beet-root  sugar  distillation,  and   liltftwUi 

the  digiillatiou  of  wine,  vinasse  proper,  as  can-ied  on  In  the 

•lain  large  quantities  of  glycerine. 

i  the  preparation  of  glycerine  on  the  large  scale,  it  is  mainly  a  1 
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of  purification  of  the  glycerine  obtained  in  the  industrial  preparation  of  the  stearic 
acid  from  neutral  fats  above  described.  Wlien  the  lime  saponification  process  ia 
used,  the  glycerine  remains  dissolved  in  the  water  after  the  separation  of  the  in- 
soluble lime-soap.  The  lime  also  dissolved  having  been  eliminated  by  eitlier  sulphuric 
or  preferably  oxalic  acid,  the  evaporation  of  the  liquid  to  the  consistency  of  a  syrup 
will  yield  a  glycerine  pure  enough  for  many  technical  purposes.  When  tlie  decom- 
position, or  rather  dissociation,  .of  the  neutral  fats  is  effected  by  means  of  superheated 
steam,  the  glycerine  and  fatty  acids  (see  p.  634)  are  both  obtained  in  pure  state,  pro- 
Tided  the  heat  be  kept  at  or  below  310**,  because  otherwise  a  portion  of  the  glycerine 
is  decomposed  with  evolution  of  vapours  of  acroleine.  The  fact  that,  when  fats  are 
saponified  with  sulphuric  acid,  the  sulpho-gly eerie  acid  iu  aqueous  solution  yields 
readily  by  evaporation  glycerine  and  sulphuric  acid,  may  be  applied  for  tlie  prepara- 
tion of  glycerine.  The  soap  boiler's  mother-liquor,  now  the  most  important  source 
of  crude  glycerine,  may  be  made  available  for  its  production,  according  to  Keynold's 
patent,  in  the  following  manner : — The  motlier-liquor  is  first  concentrated  by  evapo- 
ration ;  the  saline  matter  which  is  tliereby  gradually  separated  being  removed  from 
time  to  time.  When  the  fluid  is  sufficiently  concentrated — ascertained  by  the  boiling- 
point  having  risen  to  116° — it  is  transferred  to  a  still,  and  the  glycerine  distilled  ofif 
by  means  of  superheated  steam  carried  into  the  still.  Tlie  distillate  is  next  concen- 
trated and  brought  to  the  consistency  of  a  syrup  in  a  vacuum  pan. 

According  to  tlie  researches  of  A.  Metz  1 1870) : — 

A  sp.  gr.  (at  i7"5'*)  of  i'26i  corresponds  to  100  per  cent  of  anliydrous  glycerine. 
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Glycerine  has  become  largely  employed  owing  to  its  oily  consistency,  also  to  the 
fact  that  at  ordinary'  temperatures  it  is  fluid,  and  does  not  freeze  when  quite  concen- 
trated even  at  —40°;*  further  to  its  stability,  its  pleasant  sweet  taste  when  quite 
pure,  its  harmlessness,  its  great  solvent  power  for  many  substances,  and,  lastly,  to 
its  low  price. 

Among  the  many  applications  of  glycerine  are  the  following : — For  keeping  clay  moist 
for  modelling  purposes;  for  preventing  mustard  from  drj-ing  up;  for  keeping  snuff 
damp  ;  preserving  fruit ;  sweetening  liqueurs ;  and  for  the  same  purpose  for  wine,  beer, 
and  malt  extracts.  Glycerine  is  also  useful  as  a  lubricating  material  for  some  kinds  of 
machinery,  more  especially  watch  and  chronometer  works,  because  it  is  not  altered  by 
eontact  with  air,  does  not  become  thick  at  a  low  temperature,  and  does  not  attack  such 
metals  as  copper,  brass,  <&o.    Glycerine  is  used  in  the  making  of  copying  inks,  and  of  a 

•  The  freezing  of  glycerine,  observed  in  1867,  by  Mr.  W.  Crookes,  iu  London ;  by  Sarg,  at 
Vienna  ;  and  Dr.  Wohler,  at  Gottingeu,  proves,  however,  that  under  certain  conditions, 
and  while  being  transported  from  one  i)lace  to  another,  glycerine  may  become  solid  even 
at  a  temperature  not  so  low  as  the  freezing-point  of  mercury. 
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gr«iLt  mjmj  cosmdtics.  In  order  to  render  printing  ink  Bolable  in  trntcr— lU  tn 
iSf  however,  its  greatest  advantage— -it  Lae  t>eeti  prajvoscd  to  tiso  ;.'! 
tion  insteftd  of  Unsized  01 L  Glycerine  is  an  excelbnt  solvent  for  tniu 
the  tar-coluurs  (aniliuf)  blue,  cyamtief  aniline  rtoletj  luid  aHzahue.  lit  LiJ^^f  tdl 
paper  soft  and  pliable  glvecrine  is  added  iu  the  pulp.  To  the  qntLntity  of  ptilp  rc»^iunli« 
making  loo  kiloa.  of  dry  piiper,  3  kilos,  of  glycf^riDc,  ap,  gr.  t'lS,  are  suH^ciesil.  Ji  icMl 
out  of  place  here  to  mention  the  following  useful  weaTerfi"  glue  or  dres^iiig,  e<im]iCtfM4<i* 
Dextrine,  5  parts ;  glyc€*riue,  12  parts;  sulphate  of  aiumina,  i  part;  und  water,  ic  Tudt 
By  the  use  of  this  mixture  the  weaving  of  muslins  need  not  be— as  waa  totjaerl^V 
carried  on  in  damp  dairkcni)d  cellars,  but  may  be  performed  in  well  aired  and  w<i 
Tooms.  It  i!!t  snid  tbat  leather  driving  belts,  made  as  uisual  of  weakly  taaii^  i»^ti£i^ 
when  kept  Lu  glycerine  for  twenty -four  hours,  are  not  so  liable  to  tiuy*  A  g^certtae  1 
tion  is  now  largely  nsed  instead  of  water  for  the  purpose  of  filling  gas^tDetefa,  i 
solution  does  not  freeze  in  winter  nor  evaporate  in  Bummer,  Santi  uses  gi^ 
oompassefii  on  board  aerew-sieamers,  in  order  to  protect  the  inner  oompass  box  1 
vibrationH  caused  by  the  motion  of  the  propf  Ul^h  It  is  impossible  to  enter ' 
minute  details  on  the  use  of  glycerine  j  isuffixe  it  to  observe  further  that  it  is  en  , 
preserving  anatomical  preparaiiona,  for  rendtTiup  wooden  casks  impervioos  to  \ 
and  other  oils  ;  for  thtj  prepfunation  of  ariitieial  oil  of  mustard  or  snlpbo^cyan-allTj,  1 
by  treating  glycerine  with  iodide  of  phoaphom?,  whereby  io<li1"  ^.f  -^ik  1  iJ  fnrn>«4,  wli 
on  being  dissolved  in  alcubol,  and  next  distilled  with  sulpbi  ^>^iaa«Tiilii 

gnlph o- cyan- ally  1.     Wlitn  glycerine  is  treated  with  very  concr  i  icid  or  wS&i 

mixture  of  etrtrng  sulphuric  and  nitric  acids,  it  is  converted  intu  nitro-^^yetrijae  {trimliiil 
or  glyceryl  nitrate)  {sea  p.  158),  largcdy  used  for  various  purpoBe«,  the  prep>arfttiaB  d 
duaiine  and  dynajnite,  &c.     A  mixture  of  finely  powdered  litlmrgr         *  eoncentnlel 

glycerine  made  into  a  pasttj  forms  a  rapidly  hardening  cement,  e*j'  Tal  as  s  < 

for  the  carksj  or  bungs  of  vessels  containing  such  Uuids  as  bonxol,  Ci^^^i 
petroleum,  <&c.»  the  cement  being  impermeable  to  these  liquids. 


wtih  Fluid 
8ul3itiUir.r« 


TI.  Illumination  by  Means  of  Lampt, 
The    fluid   subst^inces  in   use  as  ill muina ling   nmtemls 
either : — a*  Fixed,  or  fatty  oils.     6.   Volatile  oils,  which  again  are  either  1 
oils,  as,  for  instance,  camphine ;    or  products  obtained  from  tar,  as  pholu^eB  1 
Bolar  oil ;  or,  finully,  nittive,  as  petroleum.    Among  the  fixed  or  fatty  oils*  rap 
oil,  colza  oil,  olive  oil,  fish  oil,  and    Uie  dry  papaver-seed  or  poppy*-se€<l 
chiefly  used. 

^■^^twoiu"""'"*       ^^  ^'^^^^^  ^^  refine  these  oUa  so  as  to  render  tliem  more  jdufcll 
for  combustion  in  lamps,  thej  are  treated  with  about  2  per  cent  of  tlieir  irvigbt  4 
strong  sulphuric  acid,  or  with  a  concentrated  solution  of  chloride  of  ziiie,    Hias 
substjinces  do  not  act  upon  the  oil,  but  destroy  or  coagulate  any  impnriiias,  a«  ianci»_ 
laginous  and  colouring  matters,  present.    The  acid  or  chloride  of  zinc  i»  1 
washing  with  water,  after  which  tlie  oil  is  filtered,  and  in  order  to   : 
mcchanicaUy  adliering  water,  it  is  kept  for  a  considerable  time  at  a  ttu 
about  loo^  being  heated  by  means  of  steam  circidating  in  pipes  fitted  i- 
Now  oil  is  frequently  extracted  fi'om  the  seeds  by  means  of  sulphide  of  carbon  ( 
p*  1991.     The  oils  which  serve  for  the  purposes  of  ilhiminatioD  are  termed  lamp 
The  introduction  of  paraMn  and  petroleum  oils  has  caused  a  very 
decreased  consumption  of  the  fixed  fatty  olIs» 

L»mpp.       Lamps  were  known  and  used  even  in  remote  antiquity,  and  wer«  inr 
it  is  believed,  by  the  Egyptians,    \\liile  it  cannot  be  denied  tliat  as  regards  < 
form  tlie  lamps  of  the  ancients  were  graceful,  their  teclinical  construction  was  1 
and  remained  so — not  taking  into  account  some  minor  iinprovemeota  mad«  in  [ 
seventeenth  and  eighteeutli  centuries,  among  which  improvements  are  thv  i 
ion  of  the  glass  cylindera  by  the  Parisian  aj>otliecary  Quinquet,  and  the  iiiT 

*  tlie  hollow  and  circular  burner  by  Argand,  17 86 — until  cheuiiatrj  dUc^wnd  ^ 
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looml  theory  of  combustion  and  illumination,  and  until  physicial  »<uciiceftscerlium*d  the 
principles  of  the  supply  of  oil  and  means  of  estimating  the  ilJumiriatin^  power  of  the 
Same  of  lanips,  aii<!  further  uotil  the  vetiniu^  of  oil  saj)i)lied  a  imrer  and  more  fluid 
pluminating  material.  A  still  grcHter  step  to  imiirovein^'Ut  in  lij^'ht  obtained  from 
Hemps  was  the  discovery  of  the  pelruleum  atul  paraffin  Mils  and  the  construction  of 
pmpei  suitable  for  their  comhufitiun.  These  oils  have  uoav  become  of  general  use 
^h^ever  gaa  is  not  obtainable.  In  passing,  it  may  be  observed  that  in  no  country  ia 
|Hi1K>  extensively  made  on  the  small  scale  as  in  Scotland*  where  fami-houses, 
Hbtry  Bcate,  and  other  dwelliniiijs,  not  conveniently  situated  near  to  public  gas-works, 
m  very  generally  providtnl  with  amall  gas-works,  in  which  the  exceUent  Cannel 
poal  of  tlie  country  is  cmploycdt  yielding  a  very  pure  and  highly  iihmiiu»Uing  gas  at 
I  reasonable  cost,  and  with  the  advantage  tJiat  gaa  ia  allowed  by  tlie  insurtmce  com- 
b«2ues  as  light  in  stables  luid  otiier  places  where  readily  iiitlammable  materials  ar©-j 
bept,  while  liimp  and  candle  UghtB  are  abscdutely  prohibited  in  such  places,  foil 
lear  of  causing  fire.  Some  of  Oie  many  inventions  and  impiovemeuts  of  oil  lamps 
Imde  during  the  last  forty-live  to  thirty  years  are  quite  forgotten ;  tlic  moderator 
lO^  lamp  has  been  nearly  supersetled  by  improved  paraffin  and  petroleum  oil  hunp8« 
lad  as  we  do  not  treat  in  this  work  on  the  history  of  techriclogy,  but  on  technology 
^  now  developed,  we  cannot  enter  into  any  further  histortcal  details,  but  proceed 
irith  our  subject. 

Viewing  lamps  generally,  we  observe  the  same  parts  as  in  a  candle,  viz.,  the 
[laminating  material  and  the  wick.     As  regards  the  illuminating  material,  it  is  in 
aps  as  well  as  in  candles  llnid*  the  dilTereuce  consisting  in  that  witli  candles  the 
My  material  is  molten  near  the  end  of  the  wick,  a  cup  of  nudten  fitt  being  formedi 
rMle  with  lamps  llie  illuminating  material  is  tluid  at  tlie  oriJinary  temperature,  ftttd.. 
efore  kept  in  a  vessel  or  reservoir  from  which  the  wck  is  uninterruptedly  and  am 
iformly  as  possible  supplied.     The  differences  observed  in  the  constjuctiou  of  the 
rarious   kinds    of  lamps  depend   partly  up^m  tlie  illuminating   materiid  employed 
■  colza  oil,  petroleum  oil,  spenn  oil,  &c.k  partly  npou  the  shiipe  of  tiie  wick  and  upon 
he  moile  of  supplying  air  to  t)ie  tlame»  either  with  or  without  a  glass  chimney; 
■ther,  upon  the  shape  of  the  oil  reservoir  and  its  position  in  reference  to  the  wick ; 
ind  finally  and  chietly,  upon  the  metliod  and  means  by  which   the  iDutuinating^ 
aaterial  is  carried  to  that  portion  of  the  wick  where  the  combustion  is  intended  tM 

)  place  ;  that  is  to  say,  whether  Llie  illuminating  material  is  only  absorbed  by  tlie' 
iptllary  action  of  the  cotton  wick,  or  whether  thia  action  is  aided  by  hydrobtatie  or 
nechaniciij  means. 

Colza  oil  aud  mineral  oil— be  the  latter  obtained  from  the  tar  yielded  by  the  dry 

distillation  of  certain  kinds  of  coal  or  peat,  or  be  it  derived  from  native  petroleum — 

differ  frum  each  other  as  regards  tliejr  properties  as  ilhiminating  materials  in  the 

following  particulars : — i.  Colza  oil  is  nut  volatile  at  the  ordinary  temperature,  and 

Lnot  even  wh^n  heated  to  above  loo".     It  is  hence  devoid  of  smell,  and  is  not  by  itself 

pgnilalde  unkss  it  be  lirat  huated  to  a  such  a  high  tempt^ndure  mbout  200°}  as  to 

Live  off  products  of  dry  distillation — in  fact,  become  decomp*>aed  and  converted  into 

loil-gas.     The  mineral  oil,  even  that  kind  which  .is  termed  odourless,  possesses  some 

lodour.  and  loses  in  weight  or  is  gradually  volatilised  by  exposure  to  air.    At  a 

biiglier  temperature  it  is  voktilised  and  can  be  distilled  over  unaltered,  while  at  a 

Ittill  more  elevated  temperature  it  is   nearly  all  converted  into  illuminating  gas, 

■A*  Colza  oil  consista  of  carbon,  hydrogen,  and  &xyg€ni  according  to  the  formula 
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CiaHiaOf*    In  tlio  dry  distillation  which  tlii&  oil  undergoes  in  the  wiek  jul  1 
the  flame  it  is  oonverted  into  elayl  gas  and  carbonic  tkdd : — 


Colza  aU,  2C,oH,aO,=MO.  yield  ^  ^        ^^  ^^  ^^^^^^  ^^^-  ^ 


.bo,  :^< 

340| 


consequently  25*8  per  cent  of  the  colza  oil  becoming  cnrbonic  acid  doen  not  * 
tributo  anything  to  the  illuminating  power  of  the  flame,  but  deprives  tlie  half  ol  i 
volume  of  the  elayl  gas  of  its  illuminnting  power,      HeUiied   colza  oil  bci 
i»cll- constructed  lamps  vei-y  completelj,   yielding  only  the  otloorless   produ 
oonibus^tiuii,   viz.,   carbonic  acid   and   water.     3.  Petroleum   oils  are    itJtittii 
different  hydrocarbons,  very  probably  of  the  higher  members  of  that  }iomolfi9O0~ 
series  of  wiiich  marsh  gas  is  tlie  primary.     Petroleum  oil  begins  to  boil  at  250*.  1 
is  at  a  higher  temp t^rature  decomposed,  yielding  gaseous  products,   mtirah  9^  ( 
elayl   gas*  and  soot,  or  unburned  carbonaceous  matter.     The   quantity  of  i 
coutaiued  in  petroleum  oil  is  far  larger  than  that  contained  in  colza  oil ;  h^nwl 
former  when  burning  in  contact  mth  air  and  without  a  glass  chimney  exh 
flame,  hut  this  changes  at  once  into  a  very  bright  flame  when  by  the   ' 
glass  chimney  the  increased  draught  of  air  causes  the  complete  r 
excess  o(  carbon.     While  colza  oil  only  reaches  the  flame  in  the 
X>etroleum  oils  come  into  the  flame  as  vapour,  and  Uie  construction  of  the  ] 
oil  lamps  ought  to  be  bo  contrived  that  the  combustion  he  as  complete  1 
order  to  prevent  any  disagreeably  odorous  Yap«.iurs  or  gaseous  matters  tme^ 
consujjjed.     As  regards  accidents  from  tire,  petroleum  or  paraffin  oil  lanip«  j 
proper  precautions  and  good  quality  of  oil,  not  attended  witli  greater 
that  of  the  use  of  colza  oil.     4,  As  is  well  known,  colza  oil  is  a  fnlty  lubric 
while  paraflin  or  petroleum  is  not  so :  m  consequence  of  tliis  difference 
may  be  used  in  lampa  in  which  the  oil  is  carried  to  the  wick  by  mechamcol  1 
either  by  clockwork  or  spiral  springs  acting  upon  one  or  more  more  pit 
Carcel  and  moderator  lamps.     Because  tlie  ftiity  nature  of  colza  oil 
lubricating  prop«?rty  keeps  the  packing  of  the  pi-stons  oil-tight  as  well  aa 
it  is  clear  that  the  paraffin  oils  cannot  be  used  in  such  lamps. 

Independently  of  the  illuminating  material,  the  construction  of  a  normal  \ 
Bhould  be  such,  that  (i)  it  jrields  a  maximum  of  light  tttiiformly  for  a  drl^ntad 
Ithree  to  eight  hours).     This  condition^  a  consequence  of  the  complete   and 
comlmi^tiou   of  the  illuminating  material,  can  only   result   from   i«)    th«»   tue 
purified  illuminating  material ;    (-3)  the    use   of  a  wick  of  uidfonn   thi«  kneae  1 
structnre;   iy)  the  uniform  supply  of  illuminating  material  to  the  flame;  (^1   by* 
ciently  strong  heat   at  the  point  where  the   combustion  takes  place,   so  tiMit 
conversion  of  the  illimiinating  material  into  gaaes  may  be  complete;  it}  bf^ 
regulation  of  the  supply  and  afcess  of  air.     Too  small  a  supply  of  air  olWa  , 
rise  to  a  sooty  flume,  whih.^  too  large  a  supply  causes  a  lowering  of  the 
of  the  flame,  and  hence  also  separation  of  soot  and  formation  of  iMloroits  prodi 
of  incomplete  combustion :  and  even  if  these  reeults  do  not  occur  and  a 
combustion  obtains,  too  large  a  supply  of  air  impairs  conaidembly  the  iltisvk: 
power  of  tiie  tlame ;  iO  the  means  of  regulating  the  size  of  the   flame   m 
perfect,     2.  The  lamps  ought  to  he  so  constnicted  that  the  light  evolved 
wasted.    The  well*kuown  reflectors  and  lamp  caps  aid   the  iUumiuftlioit 
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lie  reservoir  for  the  oil  slioald  be  in  the  first  place  bo  situated  that  its  shadow  ffllls 
.  Bome  UDimportftut  pari  of  tlie  £eld  to  be  illumiiiated ;  and  BOcotidly,  so  arraitged 
gX  the  pomt  of  grftvitation  of  the  lamp  be  maintained, 
'  ▼wionj  Kindi  oi L»iuv«.       Tukiug  iliQ  maimer  of  convening  tlie  illuminating  material  by 
as  of  the  wick  to  I  lie  tla  me  as  a  baais  for  tlie  divifiiou  of  lamps  into  vanoiis  kinds, 
re  distinguish  the  following : — 
I-  Saotion  lamp»,  in  which  the  oil  i»  Bimply  sucked  up  by  the  onpiUary  action  of  f 
ttoo  wick  from  the  reservoir.     According  to   the  eitnation   of  the  oii  re«ervoir  wit! 
ifermioe  to  the  wiok,  suction  lamps  can  be  BUbdiTided  into:— «.  Tho«e  in  which  th 
renervoir  is  placed  at  about   equal  hdght  with  the  tlame  of   the  burning 
Lamps  in  which  the  oil  reHervoir  is  placed  higher  than  the  burner.     These  lamps  hav 
detiicluiljle  oil  reii^enruir,   which,   haTing  been  tilled,  i*  invtrted  into  a  fixed  vesael^i 
I  arrnugement  common  in  reading-himpu  for  btxming  colza  oil.     2.  Freseure  lamps,  i«  J 
vbioh  in  addition  to   the  capillarity  of  the  wiok,  mechanical  or  physical  means  are 
Qployetl  for  the  purpose  of  forcing  the  illuminating  material  to  the  wiek.    In  this  rariety 
be  oil  reserroir  i:*  plueed  at  the  foot  of  the  lamp.     According  to  the  method  of  forcing 
he  oil  to  the  wiek,  [pressure  liiraps  are: — a.  Aerostatic,  in  wliich  the  principle  i»  that  of 
Iero*B  fountain  ;  into  the  closed  oil  reserroir  air  i»  forced,  and  this  while  trying  to  make 
lailibrium   wit  It  the  outer  air,  preseea  upon  the  oil  and  forces  it  upwards  through  a 
ttbe  to  the  burner,    fi,  Hydrojitatie  lamps,  based  upon  the  principle  of  the  commuuieating 
abea.  in  which  the  heights  of  fluids  of  different  specific  gravity  making  equilibrium 
gether  stands  in  the  inverse  relation  to  their  specific  graTity^     The  fluid  which  haa  to 
!  equUibrinm  with  the  oil  and  force  it  up  towards  the  cotton  wick  should  be  specific- 
^  heavier  than  the  oil.     -..  Statical  lamps,  in  which  the  oil  is  forced  from  the  rL>servoir 
he  foot  of  the  lamp  to  tne  burner  by  the  presaure  either  of  the  weight  of  a  sclid  body  ■ 
[for  instance,  a  leaden  weight),  or  by  the  direct  weigh t-presfiuro  of  a  piston  moTiii>*  down-T 
in   the  oil  reservoir,     S.  Mechanical  lamp^^   in   which  the  oil  contained  in   tha'1 
ir  18  forced  upwards  to  the  burner  either  {a]  by  means  of  pumps  set  in  motion  by 
dwnrk  similar  to  that  of  a  large  watch  (Carcel  lamps  with  clockwork)*  or  {h\  hj  the 
•are  of  a  t^piral  spring  acting  upon  a  solid  piston  rmoderateurhinipfi).  In  tbemeehauic4il 
npa  the  oil  is  carried  to  the  wicka in  larger  quantity  than  is  reqnirtd  for  tbe  mLimt-ntary 
Qptiou;  tbis^^xcess  of  oil  returns  continually  to  th*j  oil  rc^servoir.     The  lanji>s  here 
I  to  are  only  suited  to  burn  colza  oil,  and  we  onght  to  observe  thjit  tnose  mtntioneitJ 
*  ff,/?,  and  ^,  are  obstdtste,  for  the  verj'  good  reason  that  thoy  have  been  superseded 
'  and  more  simple  contrivances;  this  applies  also  to  the  clockwork  lamps  which 
f  even  wht?n  well  made^  very  liable  to  get  out  of  order  and  reqoirod  very  pure  oil  to 
well.     3.  The  knips  for  bumine  the  paraflin  and  petroleum  oils  are  hII  simpleu 
action  lam  pa »  the  reKcrvuir  being  placed  under  the  wick  and  in  its  injdtd  prolongation*  I 
The  lower  specific  gravity  and  tbe  greater  fluidity  of  the  oils  greatly  aid  the  capilijiry'1 
etion  of   the  wick,  and  renders    all  pressnro  apparatus   siipertluous.     The    so  called! 
zolitic  spiingelamps  also  belong  to  the  category  ol  snctiun  lamps,  the  very  volatile  and  1 
dj  combustible  beuzoline  (obtained  from  the  crude  petroleum)  being  absorbed  by  the 
nge,  more  commonly  cotton  waste  or  tow,  and  thence  slowly  carried  by  capillary  action 
>  the  wick. 

iLAiup*.       I.  To  this  kind  belong  all  the  lamps  in  which  tbe  oil  is  simply  carried  to 

he  flame  by  the  capillary  action  of  the  cotton  wick,  the  oil  reservoir  being  placed  somewhat 

elow  the  burning  end  of  the  wiek.     According  to  the  si  tn  at  ion  of  tbe  oil  reservoir  in 

efereoce  to  the  wick,  anctiou   lamps  can  be  divided  into  (n),  those  in  which  the  oil 

eaervoir  is  placed  nearly  at  the  same  height  as  the  burning  wick.     Here  we  have  to 

observe  the  two  following  conditions,  viz. :— (a)  the  bnnung  wick  is  placetl  in  the  oil 

voir  itself,  aa  may  be  observi^d  in  the  kitchen  lamp  and  antique  lamp  ;  or  [b],  the  oil 

eservoir  and  burner  are  separated  from  each  other,  the  reson'uir  hpiw^  jilaced  by  the  sWe 

lof  tbe  burner,  or,  as  is  the  case  in  the  ring  lamps,  at  the  circunifer*  nee  of  the  bun^r, 

rhich  is  in  the  centre.    ^.  Those  lampe,  the  oil  reservoir  of  which  is  placed  higher  than 

f tbe  burner,  as,  for  instance,  in  the  so-called  rending  lamp. 

Among  the  suction  lamps  are  the  following  : — In  the  antique  lamp,  Fig.  271, the  wick,  a 
fikein  of  cotton,  is  plact'd  in  an  open  or  closed  oil  yeesel,  the  burning  end  of  the  wick 
simply  protruding  from  the  *q)out.  This  kind  of  Jamp  is  technically  very  imperfect, 
because,  in  the  first  place,  the  wick  has  to  suck  up  the  oil,  when  the  level  of  that  fluid 
gradually  aiuks  by  the  burning  of  the  lamp,  to  a  height  far  too  great  for  its  capiJlury 
power;  hence  the, flame  will  by  lack  of  snflicient  oil  become  gradually  more  and  more 
lorid,  and  at  last  extinguished  altogether  before  all  the  oil  is  consumed.  In  consequence 
of  the  thickness  of  the  wick  the  oombnstion  ia  incomplete,  owing  to  want  of  solficieut 
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BO  ftB  tc  admit  of  the  oil  mtining  into  tbe  Bpn«e  h  h  ;  but  as  Boon  as  the  oil  lias 
;e  level,  ee\  tbe  Huicl  iM;t»  as  a  hydr/ialic  valve*  and  no  more  oil  can  flow  out  of 
the  bnmiug  of  tbo  lamp  the  level  has  beeu  lowered.  The  tnbe  d  carries  the  oil 
k*holder;  while  at  c  a  small  hole  is  made  for  the  purpose  ol  giving  free  aceess 
he  space  between  the  Rides  ot  the  veesel  a  and  the  oylindrical  box  in  which  it 
When  more  oil  might  flow  to  the  wick  of  thiB  kind  of  lamp  than  can  be  burnt 
time  th©  fl&me  is  extinguished,  but^  as  usually  constructed,  thesif!  lamps,  unles^a 
ted,  or  enpoaed  to  a  very  warm  atmosphere  (in  which  case  owing  to  the  eipan- 
B  air  in  the  veH^iel  a  th'e  oil 
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ttlof  it)  answer  tbo  piu-i>OH© 

giving  when  burnt  with 
icks  and  well  refined  eolza 
light,  hot  leBs  intense  than 
[lable  trom  the  better  Idnds 
I  oil  lamps. 

Of*.  2.  Theiie  are  distin- 
fom  suction  lamps  by  the 
whioh  the  oil  resGrvoir  is 
J  reference  to  the  burner, 
If  being  not  placed   on  a 

or  higher  than  the  latter 

it,  the  place  asBLgned  to 
oir  being  the  foot  of  the 
I  aa  the  Ga]nllary  action  of 
is  not  Buflicif^ut  to  enable 
the  oil  upwtnds  to  so  great 
m  arrangement  is  repaired 
oil  towards  the  wick,  while 
t  of  oil  above  that  which  the 
jhe  wick  is  capable  of  oon- 
■ickles  downwards,  and  is 
dnctedinto  the  oil  reservoir 
d  in  a  sepanitt*  vessel.  The 
imps  are  certainly,  as  far  aa 
lamps  are  concerned,  the 
rexj  respect ;  bnt  the  dif- 
ieties  of  the^e  lampa  to  be 
sd  have  been  Buperseded  by 
atenr. 
Qg    to  the  contrivance  by 

which  the  oil  in  pressure 
forced  np  to  the  wick,  we 
h:— 

lUitiral  Lamps.  —  In  thCM 
I  principled  Hero's  foun- 
;ployed.  Air  in  forced  into 
I  oil  reservoir,  and  this  air 
Ing  to  gain  its  etiuilibriom 

outer  air,  forces  the  oil 
I  "very  narrow  tulie  upwards 
imer.     Those   liimpB   have, 

great   complicity   of    con-  ^^i. 

difficulty  of  maniiffemeot, 
ing  with  oil,  never  been  o!  any  real  practical  nse. 

he  hydrostatic  lamps,  also  now  obsolete,  though  in  use  in  Prance  in  the  earlier 
lis  century » the  oil  is  forced  to  the  burner  by  the  pressure  of  a  column  of  liquid 

oil.  The  phyfiicftl  principle  iuvelved  is,  that  of  the  two  vessels  or  tubes  com- 
ig  with  each  other,  and  Hilled  ^-ith  hipiiils  of  different  specific  gravity,  the 
tiiosti  fluid fl  is  invorscly  as  the  specific  gravities  of  the  fluids.  The  fluid  which 
ake  equilibrium  with  the  oil  oui:ht  of  course  to  be  Bpecifically  heavier  than 
id  ought  neiibc^r  to  act  injuriously  upon  the  metal  of  which  tVio  lamp  is  made 
the  oil ;  while  the  liquid  should  not  freeze  very  readily.  Mercury,  solution  ol 
salt,  mola«B4»s,  scduiions  ol  chloride  of  calcium,  and  fiimilar  liquidsj  have 
losed  UB  fluids  to  act  in  the  manner  alluded  to. 
it 
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y.  Statical  Lamps. — ^In  these  lamps  the  oil  eouUmed  in  the  igw?rrt>ir  iit  t1i«  lo«4  «i  tfai 
lamp  is  either  forced  up  to  the  bnnior  bj  the  preteure  of  a  solid  :  rt<d  vffmUm 

oil,  or  by  the  preaffore  of  &  pistoji,  Aoiing  directly  and  by  itF  own  rctn^  1^  d 

upwards  through  a  narrow  tab«>.  In  the  first  instance  the  oil  is  put  a^itr'j  u  v4^  niailt  tj  m^ 
impenneable  and  suffieiently  pliable  material — leather,  caoutchone,  or  vascd  tHk,  Iv 
mstimc«— and  thni  bag  U  pliiced  in  a  reservoir,  and  next  a  weight  ia  made  to  pMva  iifca  ^ 
bag,  to  which  is  fitted  a  email  tube  conimnnicating  with  the  burner.  The  i 
ment  with  the  piston  was  the  foremnner  of  the  meohauical  lamps  i  bni  aa 
lamps  are  no  lon>^er  made  further  details  are  unneceBsary. 

XMfaAnJeai  L«inp«.  ^.  These  lamps  are  fitted  with  a  mechiLnical  eo&iriTaikoe  hv  IheiilU 
which  the  c»il  i»  forced  from  the  refierroir  in  the  foot  of  the  Lamp  to  the  burner ,  Iha fupr 
tity  of  oU  thiie  {supplied  to  the  latter  exceeding  the  requirttuieuts  at  any  glTaa  j 
the  bnmiDK  Uame.  While  in  all  the  Ituupg  mentioned  the  contents  of  the 
constant  column  of  oil,  which  decreases  steadily  from  the  top  downwards,  or  ie  i 
from  time  to  time,  the  oil  in  the  mechanical  lamps  is  a  eoautautly  flowizig  j 
^eldfi  the  wick  the  requi&ite  quantity  for  combustion,  while  the  exoeaa  flows  < 
mto  the  reeerroir . 

Two  kinds  of  meohamc&l  lamps  are  eapecially  noteworthy,  tis.  : — 
caockirrirk  L«aip.  I.  Tbc  clockwork  lamp»  pump  lamp,  Carccl  lamp,  invented  m  rta^lf 
the  lamp  maker  Caroel,  at  Paris,  and  afterwards  improved  upon.  The  pnmp  or  p«iapv--l» 
in  the  bett«r  kinds  there  are  two,  unless  the  single  pomp  is  doable  acting — vhidb  Imn 
the  oil  from  the  reservoir  in  the  foot  of  the  lamp  is  moved  by  clockwork,  provided  wiski 
strong  ^priti^  which  is  woiuid  up.  The  pump  is  a  combination  of  aoction.  mitA  fsKi- 
pomp;  in  nonie  laiups  of  this  kind,  inatoud  of  a  pump  an  Archimedean  screw  is  < 
for  the  same  purpose.  In  the  socket  of  the  clockwork  the  oil  reeervoir  and  pomp  i 
The  tnhe  thri'agh  which  the  oil  ia  forced  upwards  to  the  bamer  is  earned  thfonKb 
the  Rhoit  of  the  lamp.  The  oil  reservoir  and  the  dookwock  are  aepaxaiad  tram.  i 
other  by  a  horizontal  nietdUic  plate. 

An  apparatus  of  simple  con^tmction  often  employed  in  the  Carcel  lamp  ^  _, 

in  Boction  in  Fig.  zjj,  The  body  of  the  lamp  forms  the  eylinder,  in  whieh  the  honaiealii 
piston  m  is  moved  to  and  fro,  while  the  space  n  above  it  is  connected  wiiL  the  oil  fipl 
leadiug  to  the  btirner.  The  space  below  the  body  it 
cylinder  of  tlie  pomp  is  conneoted  with  the  oil  n««rt(c. 
and  divided  into  two  compartiiieiutB  by  lutfuim  of  a  pa^ 
tition ,  and  further  provided  with  two  valves,  iika4e  ciiksv  «4 
oiled  silk  or  of  goId-beaterB'  skin.  Wheti  tlie  fii^ 
moves  in  the  direction  from  d  to  r  '  t^rv  Crmikf 
reservoir   through  b,  while  the  oil  k naiil  ia  Ifes 

space  between  c  a  and  m,  is  forced  tL:  ..^„  .  ,^|«  tbeifigt 
n,  and  thence  into  the  oil  pipe.  The  apace  n  cisme  al« 
the  piirpoae  of  an  air  veesel,  for  the  oom|if«««Mt  air  mIsm 
a  regulator  to  the  constant  flow  of  the  nil.  When  Ut 
piston  moves  in  the  direction  from  c  to  6,  oil  enlurv  ihrvq^ 
0,  and  through  d  into  n.  The  clockwork  which 
piston  rod  of  m  is  placed  below  tU^  oil 
arrangement  of  the  pump  is  such  that 
the  lamp  is  supplied  with  a  larger  qn^ 
is  required  for  the  immediate  consumption  of  the  fiamef  the  rasuJ 
vnek  and  the  burner  are  kept  cool,  and  the  carboniHatiou  of  the  wick  a 
vented^  and  thereby  the  capillary  action  of  the  cotton  left  unimpaired, 
flows  again  into  the  reservoir.  The  clockwork  of  these  lamps  req 
about  once  in  twelve  to  fifteen  boors;  and  for  borning  seven  to  eight  h 
so  ver>'  uniform  that  a  light  of  equal  intensity  is  maintained  for  t,. 
of  the»e  lamps  are  fitted  with  an  external  knob,  which  can  be  need  fcpr  the  ] 
stopping  the  clockwork  by  arresting  the  motion  of  the  ref?ulatin|r  wiiiR<>. 
Modtntmt.  or  Modmtor  *•  TMs  lamp  wa«  invented  iu  iS  ' 
i^p-  simple,  less  liable  to  get  out  of  ord 
work  lamp,  it  has  in  a  great  measore  superseded  the  nst^  i  >  .^.^  ...<.' ..  j  i.«-  .  ^^utiiu  ^  id* 
of  tliiti  lamp  is  a  large,  well>paoked  pibtou,  which  resting  on  the  oil  oi«iilaiciHd  la  1^ 
reservoir,  is  forced  downwards  by  means  of  a  spiral  spring,  tlie  oil  ^fnUna  n*«  ociiirt  Vd 
through  a  small  opening,  into  which  is  inserted  a  narrow  tube  leading  i 
moiltjmteiir  hunp  is  oAibited  in  Fig.  278,  the  upper  part  of  the  r*. 
the  lower  a  sectional   view.      The  oil  reservoir  is   phi.  '       '  '  ..(h    vl  iki 

loinp,  made  of   metal;    this  reservoir   serves  also  afi  1  icr  far  fki 

pi«tuu  A,  made  of  a  metalhc  dii^c,  fitted  with  a  leather  ru.. .,.  , ...^,  ..„»  ^t,*^  acli^f  alt 
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^o  the  piston  IS  fitted  the  rod  n,  which  through  npfiT^v  its  entire  len^^h  is 
•OYuled  with  teeth,  biting  in  thi>He  of  the  smftU  wheel,  d,  forrairxg  a  rack  anil  wheel-work 
tDtriTimoe,  which  admita  of  driiwing  the  piston  upwards  hy  tnroiug  the  haudle  of  D. 
Tien  thus  wound  ap  the  expausion  of  the  spirit]  spriofr  which  is  held  at  e  forces 
e  piston  downwards.  Whrt»  the  refwrvoir  is  not  filled  with  oil,  tho  pifiton  reata  on 
a  bottom  of  the  vessel;  and  whf^n  oil  is  poiiretl  into  the  ciip  of  the  lamp,  it  flowii 
^miwardB  into  the  reservoir  ftnd  on  to  the  tipper  surfAce  of  the  pistou :  if  this  is 
^^^    moved    upwardE  or  wound  up^   there  is  tk  riMJUum   formed   beltiw  it,   and   the 
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rio  lur  pressinj^  npen  the  oil  forces  it  downwards  by  reason  of  the  fleiihility  of 
■  pnckinjj  acting  as  a  valve,  until  all  the  oil  is  below  the  piston  and  the  latter 
Illy  wound  np.  when  th«?  oil  forces  the  leather  packing  so  tightly  against  the  sides  of  the 
^•ervoix  ihnt  tlure  is  no  way  of  escape  but  by  the  tube  c,  which  commnnioaleis  with  the 
Bnier.  The  sprinff  is  very  accurately  adjusted,  and  it«  expansion  regulated  to  the  bulk  of 
U  whirh  is  consumed,  so  that  the  wick  is  properly  RuppUed»  After  the  lapse  of  some 
oar»  the  lamp  has  to  lie  wotind  np  afjain.  In  order  to  prevent  the  oil  piissing  through 
%e  tabe  c  iu  too  large  a  quantity  at  ouee  and  being  forced  out  of  the  burnex  as  a  jet^  th«re 
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U  brought  into  play  a  conlriTanc43  wbicb  is  technicaUj-  tenoe*^)  ^V*^  rn,,,\,"r^tiwrir,  coasi 
of  (Pigs.  279  and  280)  a  peculiarly  bent  wire,  a^  which  i»  pbi  r,  Aiulitf 

dcrt'd  to  the  inner  tube  of  tlie  lower  part  of  the  burner.     Th  'vmI*!^] 

of  the  tube  c  is^  wbeu  the  piston  ie  folly  wound  up,  so  plficed  tWi  a  tiU  tunl  dif 
while,  when  the  pi«ton  moven  downwArdXf  c  is  also  lowered,  and  not  partly  plun 
By  il)i»  arrangement  the  flow  of  the  oil  is  rendered   i      ^  tjd  inde 

greater  force  of  expauaiou  exerted  by  the  spiral  sprii  -  lunp 

wound  np.  To  eome  of  these  lampR  an  arrangement  lui  .  _.  _Lit?d,  constBtiim  iif  n  I 
and  hand,  oxisiliiting  extemnlly  the  position  of  the  piston,  fio  that  ii  mmy  W  wtm 
when  the  lamp  again  requires  to  be  wound  up,  and  in  gome  cades  an  alaj-uni  Em  baa 
added  for  the  purpose  of  givini?  audible  warning  when  the  operation  is  r^quir«^  Wisk 
good  eot?.a  or  Ffterm  oil  an  excellent  light  is  obtainable,  while  the  mikchinerj  b  OaI  yvtt 
liable  to  get  out  of  order. 

fMiotetua  on  ttbd  pttimAa       5-  "^^  fluids  oommonly  termed  parafUn  or  p«trole 

oai^mpa.  (jjao  Itnown  na  keroften,  photogen,  pyrogen,  it--      --    -^ 

BTiction  laxupfl,  the  oil  reservoir  toeing  plared  either  below  or  h^ 
MeobamcaJ  lampii,  such  aa  tho  moderateur  lamp,  for  instance,  cann*  ' 

oHh,  because  these  oib  do  not  lubricate  i 
Fio.  281.  *^^  ^^^  piston.     As  the  mineral  oils  are  do 

the  capilbkry  tubes  of  the  wick  can  ma 
fluck  up  the  oil  from  the  re*iervoir,  so 
lowering  of  the  level  of  the  tluid  a  loss  of  i 
in   the  light  is  hardly  perceptible.     Owing:  la  i 
large   quantity  of  carbon  contained  in  Ibesr  1 
A  emokeiesfi  Saine  in  produc<Ml  only  br  n  ptfm 
current  of  air,  which  i«  obtainM  pArt!y't%y  tbt  | 
chimney  and  partly  by  the  M  '  :  lijf  1 

whit'b  ^boulil  project  verj  ib#  | 

of    the    burner ;    while   in 
pro%'id!ed  with  flat  wicks,  tb' 

^— ,.-^  ^  the  brass  cap  put  over  the  tin  i*4  i 

an  opening,  below  which  the  k**luiiKluixr  «d  air^ 

Tapi)urfi  of  the  t»il  takes  place,  and  alwi 

current  of  air  called  forth  to  aid  the 

In  reality  the  petn>lenm  and  paraf&n  oO  ] 

va pour  1  am p8 ;  that  i •  t - '  ^  ' v    t v,- 

litjuids  yield  the  lunn 

rejiulting  from    the  d<. 

obtains  in  the  ca.^e  of  iH^di*   uil  tknd  c^knilfM.^ 

order    to    pnarcl    a^iaini^t    the    po^t^lbitity    tif  i 

explosion,  the  paratfin  oil  lamp^  ar*    all  m  i 

trivcd   that    the   fluid   contain o«l  in   ihw 

does  not  become  boated,  and  for  this  purpa«ti 

current  of  air   which   suiitalua   the  eontlamkm  H 

made  to  cool  the  burner. 

Among  the  many  paraffin  oil  lamp*  cm*  M  i 
best  is  that   of  I>itmttr,  at  Vienna.      Tida 
Fig.  28 1,  consists  of  a  metal  oil  reftrrrotr,  ft,  * 
fiSJTounds  the  wick  tube   and    is  copnnetwt 
that  tube  by  meani^  of  a  horizontal  tnW, 
which  the  oil  is  couvevcd   to   the  wiclu 
aperture  for  filling  b  with   uD,   atid 
metallic  screw  plug.    The  wick  is  a  i 
bamer  with  ibnible  currents  of  air 
chimney,  c.     The  met  "       '      -  - 
the  chimney  de,  a«  in  moderateur  oil  lamp;),  t*>  k  I 

for  the  puri'  Ijusting  the  hei^'ht  of  the   bent   nan  f    ib 

BO  as  to  produLu  th<5  hest  flame.     Tbia  narrtiwed  part  of  the  gi  > 
three-eighths  of  an   inch  aboTe  the  wick,  as  indicated  by   th«' 
flo  that  tho  greater  part  of  the  flame,  which  should  be  about   6    tu  S   ctut; 
is  above  the  narrowed  portion  of  the  glas«.     If  the  glaas  is  too  hiuh  the 
Bmok*^f  or  is  ruddy,  and  when  too  low  the  flame  id  amall  n-  ^   t  ^-n-     -- 
The  oil  resen'oir  of  this  lamp  does  nnt  become  heated,  aiiic' 
carrent  of  air  drawn  in  by  the  combustion.    In  one  of  the  n  • 
the  "  Journal  of  the  Soeietj  of  Arts,"  the  petroleum  lampa  of  Siiber  mxm 
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oommended.  These  lamps  j-ield  a  light  equal  to  that  of  twelve  to  forty  wax-candles, 
while  the  constrnction  is  such  that  they  can  be  used  with  either  mineral  or  fatty 
oils  alternately,  and  without  the  necessity  of  trimming  the  wicks.  We  have  already 
alluded  to  the  so-ccdled  benzoline  or  sponge  lamps  (see  p.  639). 

III.  Oas, 

***^tSriSiNJ&"*  For  many  hundreds  of  years  it  has  been  known  that  fossil  coals 
yield  a  combustible  gas,  and  even  in  very  ancient  times  the  observation  has  been 
made  that  large  quantities  of  combustible  gases  were  sometimes  evolved  from  coal 
and  other  mineral  seams,  also  from  salt-mines,  &c.  The  soil  contains  in  many 
localities  such  a  quantity  of  gas  that  by  boring  a  hole  the  escaping  gas  may  be 
employed  for  the  purposes  of  illumination.  In  the  neiglibourhood  of  Fredonia, 
State  of  New  York,  a  native  permanent  source  of  gas  exists,  which  having  been 
accidentally  discovered  by  the  pulling  down  of  a  mill  situated  on  the  banks  of  the 
river  Canadaway,  has  been,  by  boring  into  the  bituminous  limestone,  enlarged,  and  a 
gasholder  constructed.  The  native  gas  now  serves  for  tlie  purpose  of  illuminating 
the  locality.  The  quantity  of  gas  collected  in  twelve  hours  amounts  to  about 
800  cubic  feet,  and  consists,  according  to  Fouqu6's  researches,  of  a  mixture  of  marsh- 
gas  [fiH^  and  hydride  of  ethyl  (OaH^).  In  the  Szlatina  salt-mine,  situated  in  the 
Marmaro  Comitate  (Hungar}'),  illuminating  gas  is  constantly  evolved  at  a  deptli  of 
90  metres  below  bank  from  a  marly  clay  which  is  interspersed  between  the  layers  of 
rock-salt.  This  phenomenon  was  known  in  1770,  and  tlie  gas  is  now  collected  in  a 
gas-holder  and  used  for  lighting  up  the  mine.  A  small  quantity  of  gas  is  also 
evolved  in  the  Stassfurt  rock-salt  mines.  The  Rev.  Mr.  Imbcrt,  wlio  as  a 
missionary  has  travelled  through  Cliina,  states  that  in  the  Province  of  Szu  Tchhouan, 
where  many  bore-holes  for  rock-salt  have  been  made  to  a  depth  of  about  1500  to 
1600  feet,  gas  is  permanently  emitted  and  conveyed  in  bamboo  tubes  to  places  where 
it  is  used  for  lighting  as  well  as  heating  purposes,  more  especially  the  heating  of 
salt-pans  in  which  the  brine  is  evaporated.  In  Central  Asia  and  near  the  Caspian 
Sea  there  are  at  several  localities  so-called  eternal  fires,  which  are  due  to  the 
constant  evolution  of  gas  from  the  soil.  Similar  phenomena  are  observed  at  Arbela 
in  Central  Asia,  at  Chitta-Gong  in  Bengal,  and  elsewliere,  while  now  and  then  large 
volumes  of  gas  emitted  in  the  coal-pits  and  conveyed  to  bank  by  means  of  iron  pipes 
are  suffered  to  burn  for  several  days. 

As  regards  the  artiticiiil  production  of  gas  from  coals,  Clayton  and  Hales,  1727  to 
1739,  made  the  first  observations  on  this  subject;  while  the  Bishop  of  Llandaff, 
1767,  exldbited  how  the  gas  evolved  from  coal  might  be  conveyed  in  tubes.  Dr. 
Pickel,  Professor  of  Clieniistry  at  Wiirzburg,  lighted  his  laboratory,  1786,  ^^'ith  the 
gas  obtained  by  the  dry  distillation  of  bones.  At  about  the  same  periotl  Earl  Dun- 
donald  made  experiments  on  gas-lighting  at  Culross  Abbey;  but  it  should  be 
observed  as  regards  these  experiments  tliat  tliey  were  made  more  with  the  view  to 
obtain  tar,  and  the  gas  evolved  by  the  distillation  of  the  coals  was  considered  a 
curiosity.  The  real  inventor  of  practical  gas-lighting  is  William  Murdoch,  who  in 
1792  lit  his  workshops  at  Redruth,  Cornwall,  with  gas  obtained  from  coals.  His 
operations  remained  unknown  abroad  for  some  ten  years,  and  hence  tlie  French 
consider  Lebon  as  the  inventor  of  gas-lighting,  since  he  lit  (1801)  his  house  and 
garden  with  gas  obtained  from  wood.  The  first  more  extensive  gas-work  was 
established  in  1802  by  Murdoch,  at  the  Soho  Foundry,  near  Birmingham,  the 
property  of  the  celebrated  Boulton  and  Watt;    and  in  1804  a  spinning-mill  at 
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verage  the  Newcastle  coals  yield  about  9000  to  9500  cubic  feet  of  gas  per  ton  of 
oals ;  cannel  coals  vary  in  yield  from  10,000  to  12,000 ;  as  regards  the  Boghead  variety 
;  gave  about  15,000  cubic  feet  of  gas,  but  much  depends  upon  the  mode  of  distilla- 
on  and  the  length  of  time  this  operation  is  continued.  It  should  be  borne  in  mind 
lat  the  best  illuminating  gas  is  given  off  during  the  first  hours  of  tlie  distillatory 
rocess ;  the  latter  products,  though  adding  greatly  to  the  bulk  of  the  mixture,  contain 
Luch  of  the  comparatively  useless  gases  and  diluents.  The  mode  of  decomposition 
rthe  gas-coals  may  be  elucidated  by  the  following  diagram,  100  parts  of  coal  con- 
Btingof: — 

Carbon       T^'o")  ^ 

Coke     7o~^5 

I-  yield 


Hydrogen 40 

Nitrogen    1*5 

Sulphur      o'8 

Chemically  combined  water  57 

Hygroscopic  water   50 

Ash     5'oj 


Illuminating  gas ... 
Tar       

Ammoniacal  water 


30-25 


0<ilMl>iftlIlAUon. 

'  Carbon 


1000  lOO'O 

These  may  be  classified  into  four  chief  products : — 
90—95 


I.  Coke.  jSulphuret  ofiron  (Fe7S8)  ... 
lAsh        . 


IL  Ammoniacal 
liquor. 


Main  constituents.  - 


in.  Tar.  . 


r  Fluid. 


Hydro- 
carbons.' 


Solid* 


Acids. 


100 
Carbonate  of  ammonia. 
Sulphide  of  ammonium, 
Chloride  of  ammonium. 
Cyanide  of  ammonium, 
Snlphocyanide  of  am- 
monium, 

r  Benzol, 
Toluol, 
Xylol, 
Cumol, 
Cymol, 
Propyl, 
Butyl, 

Naphthaline, 
Acctylnaphthaline, 
Fluoren, 
Anthracen, 
Methylanthracen, 
Reten, 
Chrysen, 
.Pyren, 
Carbolic, 
Cresylic  (cresol), 
Phlorylic  (phlorol), 
Rosolic, 
Oxyphenic, 
Creosote,  consisting  of 

three      homologous 

substances, 


2(NH4)aC03+C0a 
(NH^aS 
NH4CI 
NH4ON 

NH4CNS 

CeHe 
C7H8 
CsHio 

CgHi2 
C10H14 
C3H7 
C.Hg,  &C. 

CxoHs 
CiaHio 

(?) 

C14HIO* 

CieHjji 
CisHia 
CigHio 
CeHfiO 
C7H8O 
CsHjoO 

CaoHifiOj 

CfiHeOa 

r^  xj  n       ComliliMtloiui 

K.'yrl%yj^    I    of   oxyphenio 

C,Hx,0j  {-jjx- 

*  Has  become  important  as  a  source  of  alizarine,  in  oonBequenoe  of  the  discovery  of 
rraebe  and  liebermann,  1869. 
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ne  or  more  pieces,  btit  bmlt  up  with  fire-bricks  or  slabs  of  fire-clay,  of  a  peculiar 

bape,  and  made  for  the  purpose  in  Wales  ;    tliese  slabs  are  put  t<)gether  mth  a 

ttent  of  pure  quartz  sand  and  about  i  per  cent  of  lime,  or  a  clay  wliich  becomea 

8ty  and  adJiesive  in  very  great  heat.     Betorts  of  this  ktad  are  'cheaper  and  stand 

|ve  years'  wear,     Ketorts  made  of  heavy  boiler-plate  rivetted  together,  as  well  aa 
brged  iron  retorts,  wuLh'd  together  like  the  iron  mercury  bottles,  are  also  in  use,,  but 

bf  course  are,  in  tire  furnaces,  protected  from  the  direct  action  of  the  fire  by  properly 

tuilt  archer  and  covtrin^'J*  i»f  lire -bricks, 
**"^S'^on"'*  ^'*'*      "^^1^'  rptorls  are  always  fitted  with  a  separate  mouth-piece»  to  which 

luring  tbe  process  of  di&lLilation  the  lid  is  fastened;  this  monih-piece  is  always 
Dade  of  cast-iron^  even  in  the  fire-clay  retorts,  to  which  it  is  fitted  by  a  flange  on  tha  ' 
etort,  the  flange  of  fire-clay  being  provided  with  six  to  eight  holes  for  putting  in  the 
crew  btdta  for  the  purpose  of  making  a  good  joint.  In  order  to  get  a  gns- tight  joint 
mixture  of  iron  BhngB  and  gj'psum  is  used,  which  is  made  luto  a  ptujte  with  an 
lueooB  sululion  of  sal- ammoniac.     The  niouth-piece  is  fitted  with  a  short  tube  for 


Fio.  2a2. 


Fio.  283. 


Fio.  384. 


Fia.  285. 


.4^» 


be  purpose  of  giving  vent  to  the  gases  and  vapours  evolved  daring  the  distillaUon 
is  the  mouth -piece  is  placed  outside  the  furnace*  it  is  generally  of  longer  duration 
ban  the  retorts,  and  these  are  moulded  to  suit  the  mouth-piece. 

Fig.  28 z  exhibits  the  front  view  of  a  month-piece  of  a  Q  shaped  retort.     Fig.  285 

Bxbibita  a  section,     n  is  the  opening  at  the  retort  end ;    n  is  the  lid  for  closing 

lie  retort  during  the  distillntion.      At  *t.  Fig.  282,  are  seen  tlie  cast-iron   eyes 

Qtended  to  support  the  malleable  iron  bars  for  the  support  of  the  lid.     00,  Fig,  283, 

tlie  flange  wherewith  the  mouth-piece  is  fitted  to  the  r«*tort.     d  ts  the  short  piece 

^f  tube.     Fig.  284  is  a  front  view  of  the  cast-iron  lid  of  the  retort ;  and  Fig.  285,  a 

riew  of  the  side  of  the  lid  turned  towards  the  retort.     As  will  be  observed,  the  lid  fiti 

iccuratt'ly  into  the  opening  of  the  retort.     The  method  of  closing  or  rather  tightly 

stening  the  Uds  of  gas  retorts  is  exhibited  in  Fig.  286,  being  a  side  view  of 
I  mouUi-piece.  mm  are  the  malleable  iron  bars  on  which  tlie  lid  is  supported  by 
Deans  of  the  projections,  nn.  Fig.  284.  Through  the  bars  mm  are  cut  openings, 
ough  which  the  cross  bar />  is  put,  and  in  its  centre  a  hole  with  screw  tlircad,  into 
irhich  is  made  ia  fit  a  screw-bar  and  handle,  (L  By  turning  the  screw,  the  hd  is 
breed  tightly  ngainst  the  rim  of  tlie  month  piece  ;  but  in  order  to  secure  a  gas-tight 
oint.  a  lute  is  used  con.^istiug  of  some  clay  or  spent  purifier  lime  and  clay  mixed. 

Another  mode  of  fastening  tlie  lid  is  exliibited  in  Fig.  287,  being  also  a  side  ^iew. 

he   bars  mm  are    in   this  instance  bent  at  one  end  where  the   cross-bar  a  ig 
be  placed.     To  that  crossbar  is  fitted  at  right  angles  another  bar,  h,  provided 


6jo 


CHEMICAL  TECHKOLOQY, 


ftt  one  end  with  a  heavy  iron  b«U,  and  at  the  other  with  *  ! 
pulling  the  boll  dowu wards  the  lid,  n,  is  dghtly  fastened. 

ueUMWaxauM.      The  retortfl  are  placed  in  a  furnace  in  the 
Tig.  288,  that  is  to  say  they  are  pkced  horizontally  and  support ^ 
technically  benches.     The  mouthpiece  projects  from  the  fnraare.  f^cU  :i  «ii;.:ii  3 
contain  two  to  three,  five  to  seven,  or  even  twelve  to  sixteen  retorta,,  as  in  la^p  | 
works,  in  which  case  the  lower  rows  are  of  fiie-day,  the  higher  of  inut. 


Via*  ^86, 


Tte.  3«T. 


I^**;*^*^"*'*  The  retorts  are  in  some  wodcs  eharged  bj  nue^w^  ^4  < 
Booop,  whicli  being  filled  with  the  quantity  of  coals  the  retorl  is  ii. 
charged  with,  is  carried  by  four  men  and  then  lifted  into  the  peloft,  and  imi:; 
turned  fills  tlie  retort,  after  which  the  &coop  is  withdrawn  and  the  lid  nf  thi*  1 
Guteoed  on.  But  in  many  gas-works  the  coals  are  thrown  into  the  retorfa  with  ilwf^ 
As  soon  as  the  retorts,  which  previouBly  to  being  filled  are  alwmya  h«mlrd  l-  ok' 
heat  or  higher,  are  charged,  and  the  lids  cloaed,  the  evolution  of  gas  i- 
and  continues  so  for  some  time*  until  after  some  four  to  five  hoars  the  ^.-....-. 
finished,  or  at  least  the  gas  then  giTen  off  is  not  worth  collecting.  In  Sootlaad  tki 
distillation  is  not  continued  so  long,  three  or  three  and  a  half  bom*  beii 
with  good  firing,  quite  sufficient,  cannel  coals  ^ving  off  their  gjSLB  more  h^j  f 
caking  coals.  The  lids  are  now  loosened  and  iJie  gas  at  the  month  nf  the  : 
kindled  in  order  to  prevent  explosion  by  its  becoming,  as  would  be  tbe  mm  f 
^e  lids  were  at  once  removed,  mixed  with  air.  The  red-hot  coke  left  in  th#  retel  il 
raked  out  and  at  once  used  for  filing  the  furnaces,  or  put  into  iron  wkeelteffsi 
and  wheeled  out  of  the  retort-house  into  the  yard,  there  to  be  quencher]  with  wtm 
and  kept  for  sale.  Cannel  coals  do  not  as  a  rule  yield  a  good  coke*  but  only  bralofli-^ 
black  shaly  breeze,  which,  however,  along  with  some  dead  oil,  ts  nsed  in  the  ikrtA 
gas-works  for  heating  the  retorts.  On  an  average  one- third  of  the  ooke  obtainel  ii 
required  for  firing  tlie  retorts. 

TiM>u?«b«tiUeUftiiL       We  understand  by  the  hydraulic  main  a  vessel  with  whie&l 
connected  the  ascending  tub^^s  leading  from  the  retorts.    As  a  rule  the  hyd 
niain  is  placed  on  Hie  top  of  the  furnace  in  which  the  retorts  are  ignit«5d.    IV 
diam«:ter  of  the  ascending  tubes  varies  of  course  with  the  aijee  of  tlie  retorts,  but  i 
an  average  12   to  18  centimetres.      The  hydraulic  main,  of  which  li,  fi^. 
a  section  at  right  angles  to  tlie  longitudinal  axis,  is  a  wide  pipe  of  cast-irfln  **' 
of  boiler-plates  ri vested   togetlier,   and   having  an   average  diameter    of    ;o  to  6^1 
cenunia,     It  is  luthtT  cylindrical  or  Q-shaped,  and  extends  uver  the  ejit 
the  Tijw  of  furnaces-    The  hydranUc  main  is  intended  to  act  as  a  receive.  -^. , 
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Tolatile  products  of  tlie  distilktioo,  wMle  at  Die  same  time  it  affords  to  i 
retort  a  hydraulic  valve,  shutting  it  off  from  the  other  retorta,  and  prer^iliiif 
effectually  aaj  gua  finding  its  way  back  to  the  retorts  when  opened  at  tlie  l 
The  mode  of  connection  between  tlie  retorta  and  the  hydraulic  main  is  sboi 
Fig,  289.  A  is  tlie  ascending  tube ;  d  the  sad  die -pipe ;  c  the  dip-tnbe  carrk4  i 
wards  into  the  hydraulic  main ;  d  is  the  main  :  and  m  the  liquid — viz,  tar,  or  it  j 
iiret  starting  of  a  gas -work,  water,  Fij^.  290  exliibits  a  somewhat  different  i 
connecting  tlie  retorts  and  hydraulic  mam.  There  is  fitted  to  this  main  a  sy|Artl 
tube  for  running;  off  the  excess  of  tar  to  the  tar  cistern,  and  on  the  lop  of  the  mazn 
is.  aa  eidiibited  in  Fig.  288,  a  wide  iron  tube  for  carrying  off  the  gas  ta  , 
condeDsing  apparatuB. 


FiQ,  2Bg, 


Fio,  290* 


*^^AwiSt^**"*^  ^'  Th®  voktile  products  of  Uie  distillation  which  are  not 
densed  in  the  hydraulic  main  are  carried  off  with  the  permanent  gases.  The  1 
ahould  obsL^rve  that  a  corapamtively  very  high  temperature  prevail*  in  the 
tubes  and  hydrauhc  main.  These  volatile  products  are  gas,  steam  vapours  of 
tlie  steam  containing  in  solution  and  suspension  various  ammoniacal  com{ 
Before  tlie  gas  can  be  purified  it  has  to  be  cooled  and  deprived  of  a  number  of 
stances  which  are  in  fact  impurities,  inasmuch  as  they  would  impede  the  flow  of  fit 
through  tlie  pipes  if  thoy  were  not  got  rid  of.  The  condensing  process  may  be  earned 
on  in  various  ways,  but  on  tlie  large  scale  the  most  efficient  is  the  veix  siA^ 
expedient  of  causing  the  gas  to  pass  tlirough  a  series  of  cast-iron  pipes,  as  exliibiul 
in  Fig,  291,  in  vertical  section;  also  in  n,  Fig.  2S8,  These  tubes^  placed  in  th«op^ 
air — in  wai*m  climates  or  in  hot  summer  weather  arrangements  being  itmde  to  coJ 
Uie  pipes  ext^inaOy  by  a  atream  of  water — are  connected  with  each  other  it 
tlie  top,  and  rest  in  a  large  cast-iron  tank,  /i,  which  by  means  of  parlatioiifi  1* 
divided  into  compartments  not  communicating  with  each  other,  being  hrdraalicafl/ 
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ked.  Ea*^h  compartment  is  fitted  with  an  inlet,  m,  and  ftn  ouflct,  «.  In  tin's  tank 
lie  gas-wuter  i^r  ammoniacal  liquor  imd  tar  are  eollecte^l,  while  the  height  these 
3uids  sliould  occupy  in  the  tank  is  re^nilated  hy  a  tube,  d,  or  as  seen  in  Fig.  288,  at  H» 
by  Ji  syphou  tube.  TJie  eondeiisecl  liquids  flow  to  the  brickwork  tank,  q»  and  thence 
►  the  tar  cistern.  The  inlet  tubes  dip  to  some  depth  into  the  fluid  so  as  to  force  the 
to  pass  through  it.  The  size*  rmmher,  and  height  of  these  condensing  tul  m 
lepends  on  tJie  qnantit}'  of  gas  which  has  to  be  cooled  in  a  given  time ;  on  an 
leverage  50  to  90  square  feet  of  Burfaee  of  tnhos  is  allowed  for  1000  cubic  feet  of  gas 
^lo  be  cooled  per  hour. 

The  scnibb<r       In  many  of  tho  larger  gaa- works  the  gas,  sifter  it  ha?j  issued  from  the 
tube  condenser,  is  passed  through  an  apparatas  termed  the  scrubber,  for  the  purpose 
'  more  completely  depriving  it  of  tarry  matter  before  sending  it  on  to  the  purifiers, 

Fi5   291. 


ttd  ftko  for  getting  rid  of  the  ammonia  and  sulphur  compouuds.  The  rationaU  of 
ht  mode  of  action  of  the  scrubber  is  simiJar  to  tliat  often  enipKiyed  on  a  myiuto 
i  scale  in  practical  chemistry*  when  a  gas  or  vapour  is  pas:»ed  through  a  glass  tuba 
lilled  witli  pumice-slone,  so  that  in  a  Kmited  space  a  great  surfjice  is  provided. 
The  BcnihhfT  consists  of  cylindrical  cast  or  nuiUeahle  iron  chaniUers  of  sufticient 
Lsi^e,  and  lilhid  with  lumps  of  coke  or  fire-brick,  whicli  are  constantly  moistened  wiiXx 
Iwater.  Fig.  293  exiiibils  a  sectional  view  of  a  scrubber,  al&o  seen  in  Fig,  288  at  00. 
tie  cylinder  lias  a  diameter  of  i|  £0  it  metres,  by  a  heiglit  of  3  to  4  metres; 
lie  vessel  is  filled  with  coke,  which  is  kept  moist  by  means  of  water  introduced  by 
EUie  rotating  perforated  tube,  H,  The  inlet  of  the  gas  is  at  i ;  it  proceeds  upwards 
lihrongh  the  column  of  coke  and  on  reaching  the  top  passes  oil  downwards  tiirough 
[in  to  the  second  scrubber.  At  tlie  lowest  bend  of  the  exit  or  outlet  tubes  a 
I  eyphon  pipe  i»  fitted  for  the  purpose  of  draining  off  water  and  tarrj  matters  which 
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ijdrogen,  carbonic  acid,  and  various  ammoniacal  compounds,  carbonate  of  ammonia, 
(ulphuret  of  ammonium,  cyanide  of  ammonium,  &c. ;  and  also  some  of  the  compound 
immonias,  as,  for  instance,  aniline,  iridoline,  &c.  At  the  outset  of  tlie  gas-lighting 
ndustry,  quick-lime  was  tlie  only  material  employed  for  purifying  purposes,  this  sub- 
itance  being  at  first  employed  in  the  form  of  a  thick  milk  of  lime,  the  purifier  being 
to  constructed  that  the  crude  gas  was  brought  into  intimate  contact  with  the  fluid, 
vhich,  in  order  to  prevent  the  lime  from  forming  a  sediment,  was  kept  in  constant 
notion  by  a  stirring  apparatus;  while  the  purifier,  made  of  cast-iron,  was  provided 
rith  inlet  and  outlet  pipes  for  the  gas,  a  pressure  gauge,  and  the  necessary  syphon 
>ipe8  and  valves  for  letting  out  the  waste  milk  of  lime  and  re -filling  the  vessel. 
Variously  arranged  wet  lime  purifiers  have  been  devised,  and  among  them  some 
vhich  act  also  as  exhausters;  but  notwithstanding  the  very  satisfactory  results 
ibtained  by  the  use  of  wet  lime  purifiers,  the  gas  being  very  effectually  freed  from 
flurbonic  acid,  sulpliuretted  hydrogen,  and  ammonia,  there  is  the  defect — first,  of 
he  hack  pressure  on  the  retorts  and  other  apparatus;  and  secondly,  a  difficulty 
n  the  mode  of  so  disposing  of  the  very  foetid  waste  lime  liquor  as  not  to  create  a 
inisance;  hence  it  is  that  the  wet  lime  purifiers  have  been  almost  entirely  super- 
leded  by  the  so-called  dry  lime  purifiers.  These  are  large  square  iron  boxes  fitted 
nside  with  movable  trays  resting  on  ledges  and  provided  with  sieve-like  perforations, 
ind  either  made  of  iron  gratings  or  iron  plates,  or  even  wooden  boards,  on  which  the 
>reyiously  slaked  and  somewhat  moist  lime  is  carefully  placed  in  layers  of  uniform 
hickness  to  a  height  of  20  centimetres,  there  being  in  every  purifier  box  from  five  to 
dght  frames.  The  purifier  is  usually  divided  into  two  compartnit;nts  by  a  partition, 
10  that  the  gas  which  enters  from  the  bottom  of  one  comparUnent  has  to  ascend 
hroogh  the  layers  of  lime  of  the  inlet  compartment,  and  to  descend  through  those  of 
he  outlet  compartment.  The  gas  passes  through  the  layers  of  dry  lime  readily 
mough  and  almost  without  producing  any  back  pressure,  and  tliere  is  no  necessity 
o  render  the  lime  more  porous  by  the  addition  to  it  of  either  moss,  sawdust,  chopped 
itraw,  &c.  As  to  the  quantity  of  lime  required  for  the  purpose  of  purifying  a  cer- 
ain  volume  of  gas,  it  is  stated  that  for  1000  cubic  feet  of  crude  gas  from 
STewcastle  coals,  26  kilos,  of  unslaked  quick-lime  are  required.  With  careful 
election  of  the  gas-coals  to  be  carbonised,  and  a  well-conducted  distillation  and 
nechanical  purification  of  the  crude  gas,  the  lime  purifying  process,  especially 
f  wet  and  dry  purifiers  both  are  used,  as  is  the  case  in  some  of  the  largest  gas- 
vorks  in  Scotland,  yields  excellent  results,  and  there  is  no  need  for  any  other 
)urifying materials ;  wliile  the  spent  lime,  as  is  the  case  in  Scotland,  is  found  useful  as 
i  manure,  as  well  as  for  building  purposes  with  some  fresh  lime  and  sand.  It  is,  how- 
ever, true  that  in  many  places  the  gas  thus  made  is  too  impure  for  use  in  dwelling 
lonses,  and  a  more  complete  elimination  of  the  anmionia  and  some  of  tlie  sulphur 
iompounds  is  found  to  be  absolutely  necessary.  Since  1840  an  immense  number  of 
j^as^purifying  materials  and  contrivances  have  been  brought  forward  and  tried  but 
igain  abandoned.  It  is  entirely  beyond  the  scope  of  this  work  to  enter  into  more 
han  a  very  slight  sketch  of  the  various  gas  purifying  processes ;  but  we  give  the 
bllowing  particulars  on  this  subject. 

It  oanuot  create  any  surprise  when  we  find  that  acids  and  metallic  salts  should  have 
teem,  ealled  in  to  ai'l  the  absorbing  of  the  ammonia  and  sulphuretted  hydrogen  from  coal- 
Ifya.  Protosulphatc  of  iron  has  been  here  and  there  resorted  to,  of  course  in  aqneous 
lolution.  Mallot  (1840)  commenced  the  use  of  the  residue  of  the  chlorine  manufacture, 
irode  chloride  oi  manganese,  for  the  same  purpose.    Far  more  important  is  the  method 
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r  tank,  the  sncftlkd  telescopic  gas-holders  tire  constmctt^d,  being,  in  fact,  one  or  more 
flinders  fitting*  into  each  otht^r  and  capable  of  sliding  upwards  and  downwards,  the 
Host  cylinder  only  being  fitted  with  a  roof,  while  a  gas-tight  joint  is  obtained  by 

Fid.  2^3. 


lliydraulic  lute.  The  inlet  and  outlet  msiiiis  are  of  caet-iron,  and  open  just  a  few 
above  the  levt  1  of  tiie  water  in  the  tank  (Figs.  28S  and  293),  A  peculiar 
onstrucfjon  of  gas-holder,  invented  by  Panwels,  at  Pariii,  and  in  nse  in  some  of  the 
kworks  of  tliat  city,  is  exliibited  in  Fig,  294.     The  inlet  and  outlet  pipes,  a  and  &, 


Fio*  2^ 


r  in  this  gas-li older  i^  . .  1 .  -  x  ■  ^.   ^ .  ^.  *  ; . . . .  r  oof,  an  d  con  siat  o  l  .......  ^ . .     c>  wi tU 

joints  litted  with  gas  tijudrt  stuffing  boxes,  the  arriiugcment  being  reodily  understood 
lirom  the  engraying,  Tlie  advantage  is  that  all  chance  of  flooding  of  the  inlet  and 
I  (gullet  pipes  is  prevented,  but  t!ie  arrangement  is  expensive  and  not  compatible  witla 
I  telescopic  gae-liolders  ;  moreover,  the  level  of  tlie  water  in  the  tanks  of  gas-holders 
4S 
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is  rarelj.  if  erer.  subject  to  a^y  grent  iDcrease  in  heiglii,  becAOse  a  dndn  fi^l^ 
fitted  to  the  upp^r  rim  of  tiie  ttink  for  catrymg  off  rtun^wiiter.  G^B-enginem  1 
enough  know  that  it  is  difTiciiU  in  many  cases  to  prevent  leakage  Irom  Uokf^ 
effeclually  tlmt  there  should  be  much  riak  of  the  sudden  flooding  of  the  inlel  izxl 
outlet  pipes  by  a  rush  of  water.  Smull  gas-holders  are  often  provided  with  a  apik 
the  divisions  of  which  correspond  to  certain  quantities  of  cubic  measare ;  hot  ki^ 
gas-works  are  nearlj  all  fitted  with  a  station  meter,  through  which  all  the  gas  imJt 
has  to  pass  previous  to  entering  the  gas-holdera,  and  by  means  of  Uiiis  meUr  a 
control  is  kept  over  the  quantity  of  gas  made.  The  cubic  capacity  of  every  gas  hoUrr 
is  of  u«ursc  accurately  known-  The  size  of  the  gas-holders  varies ;  some  at  vity 
small  works,  for  vilhigeSt  rail  way -stations,  country-seats.  &c..  are  only  looo  to  ^xa 
cnbic  feet  capacity,  while  there  exist  gas-holders  of  enormous  size,  45  metres  diaSMis 
by  20  in  height,  wliich  contain  i  milhon  cubic  feet  According  to  Riediiiger 'a  mlf,^ 
cubic  capacity  of  a  gas-holder  should  be  eqtnal  to  2  to  3|  times  thm  aveiage  iaSf 
quantity  required. 

The  filling  of  a  gas-holder  is  proceeded  witli  in  the  following  manner: — Tbt4 
main  pipe  having  been  shut  off  by  the  closing  of  the  valve  fitted  to  it^  gas  is  i 
through  the  inlet-main  into  the  holder  :  the  gas  accamtdating  in  the  latter  < 
pressure  upon  the  water  in  the  tank,  which  consequently  is  depressed 
holder  and  rises  higher  outside  it,  while  gradually  tlie  holder  is  lifted  by  the  I 
the  gas,  the  inlet  valve  being  shut  off  as  soon  as  the  holder  is  filled  to  witliin  1 
20  centimetres  of  its  height.     When  the  outlet  valve  is  then  opened  the  gas  Itowil 
the  street  mains,  the  pressure  being  obtained  from  the  weight  of  the  hold«T. 
order  to  ascertain  the  quantity  of  tlie  gas  made,  it  is  measured  by  a  large  | 
meter»  technically  termed  a  station-meter,  and  placed  between  th©   purifien 
the  inlet  to  the  gfis-holdera.    The  construction  of  these  station-meters  is  very  a 
to  that  of  the  ordinary  wet  gas-meters. 

Very  Uttle  is  knowTi  m  to  tlie  composition  of  the  gas  at  the  different  atagit 
manufacture  from  the  moment  it  enters  the  hydrauhc  main  to  the  moment  it  ( 
Uie  street  mains.     The  experiments  of  Firle,  made  at  Brealau  in  i860,  ai«  1 
valuable,  but  cmiy  relate  to  a  special  inquiry. 

Firle  tested  cotil-gns :— i/f)  after  it  left  the  condenser ;  Ih)  after  it  left  thie  amAm: 
{c}  as  taken  from  Uie  wjishinij  mocliine ;  (d)  as  taken  from  the  purifier  eantsiBiif 
I*aming  s  mixture ;  (f)  as  taken  from  the  lime-purifier,  consequently  thoroq^ 
''^•'ilied  gas  02  sent  into  the  holder : — 

a«  h,  <.  d. 


*Tydro;4en 

37'97 

37'97 

37  97 

srn 

3r97 

r^m,. , 

3978 

38Si 

3848 

4029 

J937 

lie  oxide 

721 

715 

711 

393 

3W 

'  1  ^  ^  curburetted  hydrogens... 

419 

466 

446 

466 

4*9 

'ii     ..*     •«•     ,»,     ,.,     ^^* 

481 

499 

6*89 

786 

99^ 

'  ^        .»•     *•«     •••     lit     •■■ 

031 

047 

015 

0*48 

0^1 

Jd ,.     ,„ 

372 

387 

339 

333 

0-41 

l  Ijvdroiren    

1*06 

147 

056 

036 

— 

o'95 

0-54 

— 

— 

— 

>  bulk,  and 

taking 

1000  cubic  feet  of  cmde  gas  «» tbt 

ving  proportion*  :— 
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Gnbio  feet. 

a.            h,            e,           d.  e. 

Hydrogen     380        380        380        380  380 

Marsh-gas    390        388        384        403  394 

Carbonic  oxide        72          71          71          39  30 

Heavy  carboretted  hydrogens  ...      4a          46          45          46  43 

Nitrogen      48          50          69          79  100 

Oxygen 35256 

Carbonic  acid       40          39          34          33  4 

Sulphuretted  hydrogen      15          15            5            3  — 

Ammonia      10   *^       5          —          —  — 


1000        999        990        988        966 


rhe  aboTO  results  exhibit  the  changes  which  the  composition  of  the  gas  undergoes 
ing  the  purifying  process  as  well  as  the  action  of  the  different  apparatus.  When 
o  cubic  feet  of  gas  composed  as  stated  in  (a)  enter  the  purifying  apparatus,  in 
h  of  these  there  is  taken  up  of  the  absorbable  gases,  chiefly  carbonic  aoid, 
^huretted  hydrogen,  and  ammonia,  the  under-mentioned  quantities : — 
•*or  1000  cubic  feet  in  cubic  foot  measure : — 


Washing. 

Laming's 

Tiime- 

Scrubber. 

machine. 

purifier. 

purifier. 

Carbonic  acid     i 

5 

I 

29 

Sulphuretted  hydrogen    ...    — 

10 

2 

3 

Ammonia    5 

5 

— 

— 

Carbonic  oxide — 

— 

32 

— 

Oxygen       — 

3 

— 

— 

*he  original  bulk  of  the  gas  decreases  consequently  steadily,  and  there  remain  of 

o  cubic  feet  of  crude  gas  after  leaving : — 

The  scrubber    994  cubic  feet. 

The  washing-machine     971      „      „ 

The  Laming's  purifier    936      „       „ 

The  lime-purifier     914      „       „ 

"his  is  correct,  premising  that  the  other  constituents  of  the  gas  are  unabsorbed« 
ch  really  is  so,  as  we  may  neglect  the  very  small  quantities  of  marsh-gas  and 
vy  hydrocarbons,  which  are  kept  mechanically  arrested  in  each  purifying  appa- 
18.  The  bulk  of  the  gas  is,  however,  slightly  increased  by  an  addition  of 
ospheric  air.  1000  cubic  feet  of  the  crude  gas  (a)  contain  51  cubic  feet  of  oxygen 
nitrogen ;  this  quantity  is  increased : — 

In  the  scrubber  by    4  cubic  feet. 

In  the  washing-machine  by     20      „      ,, 

In  the  Laming's  purifier  by    33      „      „ 

In  the  lime-purifier  by     55      „      „ 

ty  this  addition  the  total  bulk  of  the  gas  in  each  apparatus  is  again  increased,  and 
Hints  (taking  account  of  the  variable  quantity  of  marsh-gas  and  heavy  carbu- 
ediiydrogen  compounds)  for  1000  cubic  feet  unit  quantity: — 
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After  leaving  the  scrubber,  to       999  cubic  feefc 

„        „         „    washing-machine,  to  .     990       „       „ 

„  „    Laming's  purifier,  to  .     988       „       „ 

„        „  „    lime-purifier,  to...     ...     966       „       „ 

It  is  understood  that  temperature  and  pressure  remain  constant  during 
fying  process. 

Dutrihntionof  Giu  Generally,  in  the  United  Kingdom,  and  as  regards  coal-gu  ib 
abroad,  the  gas  is  conveyed  to  tlie  localities  where  it  is  to  be  burnt  by  means  of  €M«- 
iron  pipes  laid  underground.  But  so-called  portable  gas  (fftts  portatif]  is  itill 
made  abroad  and  conveyed  to  the  consumers  in  large  gas-tight  bags  placed  in  eni» 
the  bags  being  emptied  at  the  liouses  of  the  consumers  into  small  gas-holders.  TV 
materials  from  wliich  tliis  kind  of  gas  is  made  are  generally  such  (refuse  of  oil  oil  tf 
bones,  very  crude  olive  oil,  resins,  &c.)  as  yield  a  gas  of  far  higher  illuminating  pcrwir 
bulk  for  bulk  tlian  coal-gas.  so  that  a  comparatively  small  bulk  of  gas  will  snffiwfer 
even  a  large  number  of  burners.  The  pressure  exerted  upon  tlie  gas  in  the  hoUcn 
causes  it  to  move  through  tlie  pipes.  Tlie  amount  of  this  pressure  is,  howtm. 
usually  regulated  at  the  works  by  a  peculiar  mechanical  contrivance,  so  as  to  wb 
it  as  uniform  as  possible  over  the  total  length  of  the  mains  and  service-pipes.  Cod- 
gas  being  lighter  than  air  has  a  tendency  to  rise,  and  for  tliis  reason  it  is  oonsfad 
preferable  to  build  gas-works  at  the  lowest  level  of  the  locality  it  is  intendei  • 
supply,  because  a  less  pressure  is  sufficient  for  moving  the  gas  through  the  miaii 
The  pressure  at  the  burners  should  be  from  005  to  015  of  an  inch,  water-giw 
pressure,  while  at  the  gas-works  a  prcs.sure  of  2  J  to  5  iuches  (water-gauge)  is  quite 
sufficient  to  force  gas  to  any  distance  within  a  circuit  of  several  miles. 

The  street  mains  are  made  of  cast-ir«»n,  and  laid  under  Xho  pavement  at  a  snitabU 
depth,  varying  from  o*6  to  1*6  metre.  The  service-pipes  in  Knglnnd  and  on  tlieCcn- 
tincnt  are  of  inulleable-iron  or  of  lead,  but  in  Scotland  cast-iron  i.»ipes  (even  qcazW 
and  half-inch)  are  preferred  and  in  general  use.  The  large  mains  are  put  tojrfbcr 
by  placing  the  spigot  into  the  socket-end  of  each  pipe  alternately,  and  caulking  is 
greasod  or  tarrod  tow  and  pouring  in  molten  lead.  In  Scotland  the  mains  are  n:*" 
generally  put  on  the  lathe,  and  the  spigot  and  socket  ends  turned  true,  so  as  to  gi« 
a  gas-tight  joint  simply  by  the  aid  of  some  red-led  paint  and  putty  and  a  collar!' 
soft  gn-ased  tow.  Although  carefully  laid,  the  gas-mains  give  rise  to  iniTc  o: 
, less  loss  by  leakage,  which  is  stated  to  amount  in  some  instances  to  15  <">r  20.  a&l 
even  25  per  cent  of  the  gas  made  and  sent  into  the  mains ;  but  if  street  mains  :ir: 
cast  vertically  and  the  iron  be  of  good  quality,  each  pii)e  properly  tested  by  hyflranly 
pressure  for  its  soundness  before  being  laid,  and.  moreover,  fii-st  inimers*  d  in  l:i< 
coal-tar  and  the  joints  well  secured,  leakage  may  be  very  much  reduced.  iS  L-fi 
altogollicr  prevented.  The  mains  should  have, a  sufficiently  large  lK>re  for  Lie 
quantity  of  gas  to  be  conveyed  through  tliem,  so  as  to  reduce  friction.  They  are  tot 
laid  quite  level  even  in  level  streets,  but  slope  gently ;  while  at  the  lowest  Icvil 
so-called  syi>hon-pots  are  placed  for  tlie  purp().se  of  collecting  any  condensed  wnttr- 
the  gas  is  almost  saturated  with  water  by  being  in  contact  with  it  in  the  i:as-hi>lilt  rf. 
although  after  some  time  a  thin  layer  of  eiiipyreumatic  matter  covers  the  surfai''  "i' 
the  water,  thereby  preventing  the  gas  becoming  excessively  saturated.  Tlies* 
syphon-pots  are  fitted  with  a  narrow  iron  tube  reaching  nearly  to  the  surface  of  the 
pavement,  being  closed  by  a  screw-cap,  which,  being  unscrewed,  a  hand-pump  majhe 
screwed  on,  and  any  condensed  water  pumped  out  of  the  syphon -ivot  or  box.    For  lU 
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Fig.  295. 


purpose  of  connecting  the  burners  with  the  service-pipes  narrower  tubes  are  used, 
made  either  of  pure  block-tin  or  of  an  alloy  of  lead  and  tin  or  of  lead  and  copper  ; 
the  latter  are,  however,  not  so  readily  bent,  and  have  the  disadvantage  that  tliere 
may  be  formed  in  them  acetylen-copper,  which,  as  proved  by  Crova,  is  a  very  explo- 
sive compound. 

Hydxmouc  Vaire.  The  valvo  represented  in  Fig.  295  is  now  almost  superseded  by  valves 
of  a  totally  different  description,  termed  sUde-valves,  and  worked  similarly  to 
those  in  use  for  the  water-mains  common  in  London 
streets.  The  valve  represented  in  the  engraving 
ifl  placed  near  the  gas-holders,  and  may  serve  either 
for  shutting  off  the  inlet-pipe  to  the  holder  or  for 
the  same  purpose  at  the  outlet-pipe.  The  valve  con- 
sists of  an  iron  vessel,  i  k  l  m,  filled  with  water.  The 
pipe  k  communicates  with  the  gas-holder  and  b 
ynih.  the  street  main.  The  drum-like  vessel,  ce  fd,  is 
■uspended  over  the  pipes  and  is  counterbalanced  by  the 
weights  X  and  ij.  "\Mien  the  latter  are  removed  the  drum 
BBks,  and  the  partition  h,  dipping  in  the  water,  cuts  off 
the  communication  between  a  and  b. 

PrMmra  BeRobitor.  This  contrivance,  acting  automati- 
oaUy,  is  arranged  for  the  purpose  of  regulating  the 
■apply  of  gas  from  the  gas-holders  to  the  mains.  It 
eonsists  essentially  of  a  small  gas-holder  connected  with 
aeonical  valve  placed  in  the  outlet-pipe,  while  the  small 
gas-holder  to  which  it  is  fastened  is  very  accurately 
.Adjusted,  or  provided  with  counterweights,  by  means  of  which  its  position  may  be  set  at  a 
certain  supply  either  per  hour  or  evening,  as  the  case  may  be.  If  from  some  cause  or 
other  the  consumption  of  gas  increases  the  gas-holder  will  sink,  and  the  opening  in 
which  the  conical  valve  plays  becomes  larger,  and  consequently  more  gas  passes  through ;  if, 
on  the  other  hand,  the  supply  decreases,  the  consequence  wiU  be  that  too  much  gas  enters 
the  small  holder  from  the  largo  ones,  and  the  former  rising  draws  the  conical  valve  with  it 
upwards,  thus  more  or  less  completely  plugging  the  outlet-pipe.' 

T»«ting  mumiiuting  Oftfl.  The  causc  of  the  luminosity  of  tlie  flame  of  gas  is  the  ignited 
carbonaceous  matter.  Everything,  therefore,  which  impairs  the  separation  of  the 
carbonaceous  matter  or  chemically  affects  their  proper  ignition,  decreases  the 
luminosity  of  the  flame;  among  these  deteriorating  causes  are: — i.  Excessive 
admission  of  air  or  of  oxygen.  A  coal-gas  flame  burning  in  oxygen  vnH  be  found  to 
Jiave  lost  its  luminosity,  and  the  same  occurs,  as  is  well  known  and  exhibited  in  the 
Hansen  gas-burner,  when  gas  is  mixed  with  air  previous  to  being  ignited.  2.  Car- 
bonic acid.  When  red-hot  or  white-hot  carbonaceous  matter  comes  into  contact 
with  carbonic  acid,  there  is  formed  carbonic  oxide  (C02-|-C=2C0),  which  bums 
with  a  blue,  non-luminous  flame.  As  elayl-gas  (€2114)  becomes  decomposed  by  red 
heat  into  methyl-hydrogen  (marsh-gas,  CH4)  and  carbon  (C),  and  as  the  latter 
reduces  an  equivalent  quantity  of  carbonic  acid  to  carbonic  oxide,  it  is  evident  that 
the  carbonic  acid  deprives  half  its  bulk  of  elayl-gas  of  its  illuminating  power.  Sup- 
pose an  illuminating  gas  to  contain  6  per  cent  of  elayl-gas,  and  also  6  per  cent  of 
carbonic  acid  gas,  tlie  result  will  be  tlie  elimination  of  tlie  luminosity  of  3  per  cent 
of  elayl-gas.  Tliis  proves  the  great  importance  of  the  complete  removal  of  carbonio 
acid  from  gas  by  the  lime-purifier. 

Very  little  has  been  experimentally  proved  as  to  the  relation  existing  between  the 
lUominating  power  of  a  flame  and  the  quantity  of  tlic  separated  carbonaceous 
particles,  it  is  probable,  however,  that  this  relation  is  a  direct  one,  and  tliat  there- 
fore the  luminosity  of  a  flame  is  tjie  stronger  the  larger  the  quantity  of  carbonaceous 
particles  separated,  provided,  however,  that  the  temperature  of  tlie  flame  be  very 
high,  because  otherwise  the  flame  will  be  eitlier  ruddy  or  smoky.    Although  by  aa 
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increased  access  of  air  (as  in  the  case  of  petroleam  lamps  provided  with  a  glui 
chimney  I  the  combustion  may  be  increased  so  as  to  create  a  yery  high  temperature 
of  the  flame  and  tlicreby  a  very  ^I'liite  light,  it  is  probable  that  this  expedient  fesp^ 
daily  if  applied  to  ordinary  coal-gas)  would  cause  a  too  sudden  combustion  of  tke 
carbon,  rendering  it  useless  for  illuminating  purposes.  Supposing  the  illomiDating 
power  of  a  flame  to  be  proportional  to  the  quantity  of  carbonaceous  particles  scpt- 
rated,  and  applying  this  principle  to  some  of  the  carburetted  hydrogens  occnnisg  ia 
purifled  illuminating  gas,  taking  account  more  particularly  of  the  gases  [CEx:  so 
composed  that  by  ignition  they  become  decomposed  into  methyl-hydrogen  ind 
carbon,  we  have : — 
Vol.  Vol.  Vols. 

I  elayl,  C2H4,  which  yields  I'o  of  methyl-hydrogen  and  2  of  vapour  of  carbon. 
I  trityl,  CjHfi,       „        „       15  „      „  „  „    3  „      „         „      „ 

I  ditetryl,  C4H8,  „         „       10  „       „  „  „    4  „      „         „       „ 

and  may  assume  the  illuminating  power  of  these  three  gases  to  be  as  2:3:4.  TakiDg 
the  illuminating  power  of  elayl-gas  to  be  100,  the  illuminating  powers  of  the  gasesuid 
vapours  contained  in  purifled  coal-gas  may  be  represented  by  the  nnder-mentioiMd 
figures,  the  vapours  having  been  calculated  at  a  sp.  gr.  =  0° : — Elayl,  100 ;  trityl,  150; 
ditetryl,  200;  propyl,  250;  butyl,  350;  acetylen,  450;  vapour  of  benzoL  450; 
vapour  of  naphthaline,  800. 

The  following  figures  exliibit  the  quantity  of  elayl-gas,  for  which  can  be  substituted 
a  combustible  gas  (hydrogen  or  marsh-gas)  impregnated  with  the  vapours  of  hydro- 
carbons at  0°  and  15'''  for  yielding  an  equal  amount  of  light.     Impregnation  with— 

At  o^  At  15°. 

Vapour  of  propyl,  is  equivalent  to     1 1*500  25700  vols.  elayL 

„  benzol,  „         „  „       9-630  23700     „         „ 

„       „  naphthaline,  „        „  „      01 16  00016     „         „ 

When,  therefore,  100  litres  of  hydrogen  at  0°  or  at  15°  are  saturated  with  vaponrs 
of  benzol,  the  illuminating  power  of  the  resulting  mixture  is  equal  to  that  which 
would  ensue  by  mixing  100  litres  of  hydrogen  witli  96  or  23*5  litres  of  elayl-gas. 
In  order  to  satiyate  100  English  cubic  feet  of  hydrogen- or  marsli-ga*  with  vapoun 

of  hydrocarbons,  tliere  are  required  of : — 

At  o^  At  i5». 


Vapours  of  propyl     

50000 

1128  00  grammes 

„  butyl        

1700 

5800 

„         „  benzol      

21450 

52-200 

„         „  naphthaline    ... 

032 

032 

For  the  purpose  of  carburetting  hydrogen -gas  with  vapours  of  benzol  to  satumtiiin. 
2145  grms.  of  benzol  at  0%  and  5220  grms.  of  the  same  at  I5^  would  be  requirwl 
for  1000  cubic  feet  of  gas. 

^uu^minauij7*.l".'^  ^^  ordcr  to  ascertain  the  relative  value  of  illuminating  gas  four 
difl'crent  modes  of  testing  are  now  in  practical  use.  viz. : — i.  Gasometriral  test. 
2.  Specific  gravity  test.     3.  Photometrical  tests.    4.  Erdmann's  gas-testing  apparatus. 

I.  Tlie  gasometrical  test  requires  for  its  proper  management  an  accurate  knov- 
ledge  of  Bunsen's  nietliod  of  gas  analysis.*    Be  it  sufficient  for  our  purpose  here  t? 

Anleitznng  zu  oiner  technischen  Leuohtgasanalyse  giebt  Adolf  Riohter;  Hingler^i 
polyt.  Journal  (1867),  ^^'  clxxxvi.,  p.  394. 
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ineiiiif>ii  thai  a  mixture  of  anhydrous  sulphunc  acid  and  ordinary  concontrrited  oil  ot 
Titriol  bos  tiie  property  of  absorbing  the  heavy  hydrot*ark>na  contained  in  illumina- 
ting gos,  which  absorption  is  beat  effected  by  bringing  into  an  iendioniet*?r  c^mtaining 
Uie  gaa  to  bo  tested,  a  piece  of  coke  moistened  with  the  ncid,  and  tixod  on  a  juei^e  of 
platinum  wire.  In  order  to  ascertain  tlie  fj[uaatity  of  carbon  of  these  compounds, 
tlie  test,  in  which  the  decrease  of  bulk  of  the  gas  indicates  the  relative  quantity 
of  the  hydrocarbons,  is  combined  with  two  separate  eudiornetricnl  tests*  the  gas 
being  first  ignited  by  itself  with  an  excess  of  oxi-^gen,  and  the  operation  repeated 
with  the  gas  after  it  has  been  acted  upon  by  tlie  sulplmric  acid.  Tb<^  quantity  of 
COfl  obtained  in  the  last  instanoe  is  then  deducted  from  that  obtained  by  tiie  iirst 
operation.  Chlorine  and  bromine  are  very  frefiuently  emplo3-ed  to  absorb  tho 
Iteavier  hydrocarbons  present  in  gas,  these  haloids  combining  witii  the  hydrocarbvtns 
as  a  fluid  residue.  According  to  a  method  of  gas  analysis  originally  devised  by 
O,  L.  Erdmann,  and  described  by  C,  0.  Grasse,*  the  gas  first  freed  from  any  carbonic 
add  it  may  happen  to  contain  is  bunit  from  a  burner  connected  witli  a  small 
gaa-holder,  by  the  aid  of  oxygen  ;  the  waiter  and  carbonic  acid  formed  are  collected 
and  weighed.  2.  The  estimation  of  the  valno  of  an  illuminating  gas  by  specific 
gravity  is  frequently  employed  in  practice,  as  experience  ha^  proved  that  as  a  rule  a 
higher  illuminating  power  of  gas  i provided  it  be  well  puriiied  and  freed  from 
carbonic  acidj,  is  intimately  connected  with  its  higher  specific  gravity;  but  it  do^js 
not  follow  that  a  light  gas  is  useless,  whUo  there  ought  to  be  taken  into  account  the 
dftriibility  of  the  gas^  by  wliich  is  understood  the  length  of  time  a  cubic  foot  of  the 
gas  will  burn  under  a  certain  pressure  (as  low  as  possible!  from  a  given  burner, 
and  yield  a  certiiin  light  to  be  tested  either  by  comparison  witli  another  kind  of  coal- 
gQjs  or  standard  sperm  candles  by  the  photometer.  In  Scotland,  the  gas  engineers 
when  testing  cunnel  and  other  coals  always  take  into  consideration  and  minutely  esti- 
mate by  means  of  very  accurate  apparatus  tlieae  particulars,  care  being  taken  to  manu- 
faisture  the  gas  on  the  large  as  weU  as  on  the  smsdl  scale,  taking  say  ^  cwt.  of  coals,  and 
to  compare  botli.  In  most  of  the  large  Scotch  gas-works,  a  separate  experimental  gas- 
work,  witli  two  or  tjiree  retorts,  and  aU  tlie  necessary  apparatus,  is  to  be  met  with,  as 
it  has  been  found  that  only  by  the  use  of  judiciotifily  selected  mixtures  of  different 
cannel  C4>als,  a  gas  of  high  illuminating  power,  great  purity,  and  average  durability, 
can  be  suppUed  at  the  price  now  generally  adopted  per  looo  cubic  feet 

Illuminating  gas  cousiists  of  a  mixture  of  various  gases  and  vapours,  having 
di5*erent  specihc  gravities,  viz..  elayl-gas,  0-976  ;  methyl-iiydrogen,  o'555  ;  hydrogen, 
0*069;  carlKmic  oxide,  0967;  carbonic  acid,  i"320.  The  specilic  gravity  of  tlie 
vapours  present  m  coal-gas  varies  of  coui'se  according  to  the  bodies  which  are  met 
witli  in  the  gas  in  tlie  state  of  vapour  ;  Eimong  tiiese  benzol  is  one  of  the  must 
important  for  illuminating  purposes.  The  estimation  of  tlie  specific  gravity  of  illu* 
minating  gas  as  a  test  of  its  quality  is  only  of  value  if  taken  in  connexion  with  otber 
tests  applied  to  tlie  same  gas,  Dt,  Schilling  has  constructed  an  apparatus  for  the 
purpose  of  taking  the  specific  gravity  of  illuminating  gas.  This  lippumtus  is  based 
upon  the  fjif^t  that  the  specific  gravities  of  two  gases  issuing  from  narrow  apertures 
in  a  tliin  plate  under  equal  pressure  are  to  eacli  otlier  as  the  squares  of  their  time  of 
efflux.  There  are  several  more  readily  managed  apparatus  for  estimating  tlie 
specific  gravity  of  ilhirainating  gas,  and  among  tliem  those  made  by  Mr.  Wright,  of 
"Westminster*  3,  Phetometrical  tests  mid  apparntus,  Buusens,  Wight's.  Desaga*a 
•  Journal  fiir  Prakt.  Chemie  (1867),  eii.,  p.  257. 
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(Bothers  tangeatal  photometer),  and  others  are  foequentlj  estplojed  for  tafl|| 

the  value  of  gas  and  comparing  its  iUaminating  power  with  that  of  hunpi  a 
candlea.  Ad  Uie  land  of  burner  employed  in  these  experimentfi  kaa  xtTf  grMi 
indueDce  on  the  reBults,  photometrical  esUmatioiia  of  tlie  value  of  gasea  T«4iiif«  grnl 
care.  4.  Erdmaim'B  gHS  tester,  intrcKluccd  on  the  Continent  in  tnanj  gu^woirlii 
since  i86o»  is  a  very  oseful  and  readily  manageable  instrument,  based  npitQ  th<  ImI 
that,  as  til e  value  of  an  illuminaUng  gas  depends  mainly  upon  the  quantity  of  H«rjr 
hydrocarbons  contained,  that  quantity  may  be  measured  by  estimatiiig  the  amcumv 
of  ateiospherie  air  required  to  deprive  tlie  flame  of  the  bunung  gas  of  a  giTea  mM 
of  all  illuminatiug  power. 
<i«MM(«i^      At  first,  in  the  early  daja  of  gaB-lighting,  the  bargain  hetweeci  oemsnaicr  lal 

teller  was  to  pay  a  certain  aum  per  burner  per  hour,  or  t     - -    t  for  a  oertala  iBafa 

annum  for  a  giren  number  of  burners  kept  lighted  froT  i  a  certain  hamr  d  tiw 

night,  at  which  time  it  was  customary  to  have  the  tome-  >  gaa-w^t^kv  al  J 

their  respective  beats,  to  turn  off  the  supply  of  the  huui^e,  i^y  dhntting 

on  purpose  in  the  fw^nrice  pipes ;   but  although  her©  and  th*>r**  in  small  towns  ] 

France.  Spain,  and  GermauT,  this  arrangement  Rtill  exi^^l  exceptioii  1 

rule;  the  latttr  bein^  tbat  the  gaa  is  sold  by  cubic  mei<  :j«t€T«d  fcj  I 

termed  gaa-mctcrs,  the  construction  of  which  U — eeptix^...    ...  Lbe   United 

brought  to  tmch  a  high  standard,  that  Mr.  Butter's  remark  is  perfectly  tr 
is  measured  with  greatc^r  accuracy  than  anything  else  either  measured  ot^ 
eommeroe. 

We  dintinjTuijsh  betwc^^n  dry  and  wet  meterfl ;  the  construction  of  the  foraisr  u  \maij 
the  following' :— Iii  ''^  metallio  box  are  placed  two  or  three  bellows-flke  \ 

which  iiiFtead  of  )>  I  by  air,  are  inflate  by  the  gaa  entering  frtmi  th«  1 

pipe,    Whtu  induiH.,A  ,.  ..^^  tjxtcnt  an  azrangement  of  springs  and  levers  foioes  i^  9i» 

Fio,  296 
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ont  of  the  bell  nfi  t^T'^  exit-pipe  leading  to  the  burners.     The  cubic 

tL*j    chamber  ,.  II    a    like   arnmgemenifi  are  called |   luiTing  bee 3 

adjusted^  the  v-  ■  >  ■   -a  Um  a    wtdla  is  communicated  to  wheel -work,  whi*  I 

nected  with  diak,  iudicules  in  tens,  hundreds,  and  thouBandii,  the  consumptiuu  ut  f^M  \ 
cubic  feet. 

Dry  motors  arc  preferred  on  account  as  well  of  not  being   liable  to    h*'    " 
fro^'as  of  uot  caiUHiii^  the  Nudden  extingnishingof  the  gas-lighta  for  want  o£  v 
occur  with  wet  meters.     Wet  meters  are  oonstructetl  upon  a  plan  deriasii 
Clf^gg,  and    iiD proved    by  Crossley  and    others.      Figs.   296,   297,   298*   ntni 
drawing  of  this  kind  of  meter,  which  consists  in  the  first  place  of  fin  mn^t  r-rfU 
\mx  of  cast-iron,  elose<l  on  all  sides.     In  thia  box  is  placed  a  dr 
divided  into  four  cuuipartments*  bearing  upon  a  bell-metal  aaris,  a\, 
more  than  half  its  circumference  in  water.    By  the  pressure  of  the  ts.*^  iuiu 
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lepressioD  of  the  wat<?r  i\w  drum  rerolTea,  eaoh  of  its  ootaparttootits  liecomitig  tdiemately 

"lied  with  and  emptied  of  gaa.     On  the  axis  of  the  drum  is  an  eudlenB  acrew.  which 

'  mcchaiucftl  mcau$t  h  coiinecte<l  with  the  wheel-work  of  the  diala.     The  drum  is  very 

attfly  adjusted,  m  thut  at  every  complete  revolution  a  certain  culnc  (luaiility  of  gas 

( through  aiid  U  ligintered.     Fig»  296  exhibitfi  the  apparatus  with  tbtt  frunt  plate 

aoTed;  Fi|j.  297  whows  the  bide  of  the  meter;  Fig,  298  is  Bectioual  plan  ;  and  Fig,  299 

i  A  flection  through  the  box.    a  is  the  box  ;  a'  the  drum  r  h  its  oxiii ;  c  the  endless  terew» 

WiQ.  298. 


earing  in  the  uheel,  d,  and  carrying  by  means  of  e  the  xnovement  of  the  drum  on  to  the 
lirbeelwork  of  tie  diidH,/.  ff  U  the  inlet-pipe  for  the  gas»  wbieh  tJowe  into  the  valve  box, 
wh^  and  passing  by  the  viUve,  f  |kept  open  tia  long  as  the  meter  contiiina  snlHeient  water  for 
lita  action),  flows  through  the  bent  tube,  f,  into  the  bulged  cover  of  the  drum,  or 
I  technically  antechamber,  m,  and  thence  into  the  several  cumpartmeuts  of  the  druiKUj 
[Thence  the  giiB  enters  the  gpace,  n,  to  which  is  fitted  the  outlet  pipe,  0,  i  la  the  valve  1 
I  p  the  float ;  q  the  funnel  tabe  for  filling  the  meter  Vkith  water ;  r  the  waste  water  tiaternp 
M  the  plug  by  the  ri^moval  uf  which  the  waste  water  may  be  run  oST,  An  long  as  no  gas- 
burners  are  in  Utfc  thf  meti'r  connected  with  them  is  inactive^  but  when  the  gas  is  burnt 
Ltbe  drum  rotntes,  nnd  by  its  communication  with  the  wbeeiwork  re^aters  the  quantity  of 
t  eonsumed.  luntead  of  tilling  met  meters  with  water  they  may  be  tilled  with  glycerine, 
I'which  doe«  not  freeze  nor  evaporiite.  Wet  meters  shonkl  be  placed  perfectly  hsv(;L 
LA«  regards  tlicLr  Hi/,e  they  are  mude  to  supply  frem  three  lights  up  to  many  thoustindK  if 
irequired.  By  an  Act  of  Parliament  gas-meters  are  tested  in  order  to  ascertain  thiit  they 
lregi»ter  prupf^rly  within  tho  limits  of  the  Act.  The  inspectors  of  gaa-meters  have 
[been  provided  with  very  accorate  sets  of  apparatua  made  according  to  four  KCts  of  standard 
f  apparatus,  of  wliich  ane  each  is  in  the  hands  of  the  Corporations  of  London,  Edinli^gh, 
I  and  Dnhlin ;  while  the  fourth  is  in  the  custody  of  the  Comptroller  ef  the  Exchequer, 
tat  Westminster.     Those  apparatus  are  masterpleeea  of  highly  tinished  workmanship. 

».  These  are  made  so  as  to  produce  aU  shape b  of  flame,  nnd  nro  of  Jilferent 
aterials,  iron*  eteel,  porcelain,  steatite,  brass,  platinum-lined,  Ac.  The  bore  from  which 
ithe  flame  of  the  burning  gas  issues  should  be  arranged,  as  regards  its  width,  for  the 
Iquality  of  the  gas  consumed— cann el  coal  gas-biurnors,  for  instance,  being  provided  with 
[narrower  openhigs  than  those  for  common  coal-gas.  We  have  single  jet  burners,  double 
I  jet  burners,  bats'-wing,  fish4ail,  cockapnr,  and  other  varieties;  also  Argand  bun. era  of 
|«ariouB  sizef;.  bored  with  nix  to  thirty  or  forty-eight  holes,  or  as  in  the  Dumas  burner,  a  slit 
4ead  of  the  holes.  The  quantity  of  gas  consumed  by  difiereut  kinds  of  hnmera  varies, 
Id!  course,  greatly  for  the  same  kind  of  gas  under  the  same  pressure.  Much  gas  ia  wasted 
|1iecause  suflicient  care  is  not  taken  by  the  consumers  to  have  really  good  burners. 

Q^B  I  •rof*        Of  these  there  is  an  almost  endless  variety,  from  the  moat  simple  and  oupre- 
ften<^  highly  oruamenteil  and  expensive  chandeliers. 

°'  "*"       Ainoii«j  these  such  as  are  of  important  commercial  advantage  to 

Jcoal'gJis  workn  are  : — i.  Coke.     2.  Ammonincal  liquor.     3.  Tur    4.  Spentgasdime. 
Sulphur  obtained   from   tho  Laming  mixture.      In  some  localities  Berlin  blue 
is  made  Irom  Uie  cyanide  of  calcium  of  the  Laming  mixture  isoe  p,  6561. 

J,  Coke,  of  which  we  shall  speak  more  particularly  under  the  heading  of  Fual, 
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as  gns-coke  is  more  porous  and  Bpongy  than  the  oven-coke  and  hence  better 
for  use  in  stoved,     lu  Germany  the  gas- works  have  now  very  generally  iid( 
plan  uf  selling  iJie  coke  broken  up  into  small  nut-sized  tunipa.  thia  operabca 
performed  by  means  of  machinery ;  the  breeze  is  mixed  with  sonie  Tnr  and 
under  the  retorts  at  the  works,     a.  The  ammoniHcal  liquor  is  essentiany  ati  hi^i 
solution  of  carbonate  of  ammonia,   2(NH4iaC03-f  COa*     The  qtiautily  of 
conttiiued  In  this  liquid  mu^t  of  necessity  vary  according  to  certain  conditiosA.  m 
tlie   quantity  of  water  contained  in   the   coals,  the   larger  or  smaller 
nitrogen  they  contain,  ilie  degree  of  temperature  and  duration  of  the  process  of' 
tillation.      The  higher  the  temperature  tlie  more  nitrogen  will  be  oonreited 
ammuivia.  while  oUierwise  a  portion  of  it  is  converted  into  aniline,  lepi<iiii€« 
kc,  luid  also  into  cyunogen.     Estimating  gas-coals  to  contain  on  an  a* 
cent  of  hygroscopic  vnter  and  075  per  cent  of  nitrogen,  100  kilos,  of  such 
yield   under  Uie   most   favourable   conditions   910  gnns»   of  mnmania   (NH|i    fi 
has  been  found  tliat  i  cubic  metre  of   ammoniac al  water  yields    on   an  sva^gi 
(see  p,  230)  50  kilos,  of  dry  sulphate  of  ammonia  ([NHjaSO^i,  so  that  20 
litret}  yield  100  kilus.  of  this  salt,     i  ton  of  Newcastle   gas-coal  yields  45 
of  ftimnoiiiacal  liquor,   i   litre  of  which   yields  from  74  to   81    grnis.   si 
ammonia.     3.  Coal-tar,  formerly  a  source  of  inconvenience  to  many  gas-wi 
at  any  rate  a  substance  of  very  little  commercial  value,  has  become  sini 
great  importance  as  Qie  raw  material  for  the  coal -tar  colours.     As  Blrc*adT  «l 
consists  of  fluid  hydnjcarbous^ — benzol,  toluol,  propyl;    sohd  hydrocarl 
thaline  and  antliracen  ;   of  acids — carbolic,  cresylic,  phlorylic ;    of 
chinoline,  lepidine,  &c. ;  and  lastly;  of  resinous,  emi)yreum8tic,  and  nsphiji 
matters.      The  quantity  as  well  as  the  quality  of  the  tar  obtained  by  the 
of  coals  for  ga'^'iiiiiking  f!epends  partly  upon  the  kind  of  coal  used  itnd  partly 
the  htat  apphed  to  the  retorts ;  as  at  a  veiy^  high  temperature*  for  instance  with' 
£re-clay  retorts,  the  quantity  of  tar  is  less  than  at  a  lower  temperature. 
well  to  the  caibolic  acid  contained  in   tar  as  to  the  empyreumatic  su1 
has   antiseptic   properties,  and   is   hence   used  for  preventing   the   dccsaj  of 
exposed  to  wind  and  weather,  for  coaling  iron,  &c.     Coal-tar  is  also  need  for 
pose  of  mixing  wilh   gniall  coal,  saw-dust,  peat  dust,  &c,,  for  making  a] 
and    recently,   wlien    mixed    with    sifted    pebbles,    as   a    substitute    for   mkft\ 
to  form  excellent  footpatlis.      In  order   to  separate   the  consUtuenta  of  tar 
ea^h   other,   it  is  poured  into  a  largo  iron   still,  and  heated  to  80^  to    SO0*. 
llje  purpose  of  distillinfj  ofl'  the  liglit  hydrocarbons  along  with  any  animoniacal 
the  tar  may  contain      After  thirty -six  hours  the  distillation  is  further  pi 
witht  and  as  the  latent  heat  of  the  volatile  products  to  be  obtained  is  very  ^malL 
still  ought  in  he  ma<le  ns  low  as  possible,  and  the  helm  ought  to  be  well  pi 
against  any  cooling  innuence.    At  the  bottom  of  the  still  a  tap  Is  fitted  for  tlie  pl^ 
pose  of  removing,  at  the  end  of  the  distillation,  the  molten  pilch  which  remaina. 
some   cases,  however,    the   distillation   is   pushed   further  &o   as  to   leave 
carVnaceous  residue,  the   KtiU  hfing  made   red-hot   at  tlie   bottom  :    the 
is  removed  after  the  cooling  of  the  still  by  opening  tlie  man  hoUs     Tlie  di 
of  750  to  800  kilos,  of  taT  takes  twelve  to  fifteen  hours.     At  first  tlie  heat  shcuU 
be  too  strong,  and  in  many  tar  distilleries  high -pressure  steam  is  passed  throQ|Ji' 
ooil  of  pipes  placed  in  the  still,  in  order  to  assist,  together  with  open  fire,  th«  W 
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Stage  of  the  distillation.    The  light  tar-oils  obtained  exhibit  first  a  sp.  gr.  of  0780, 
but  on  an  average  0830.    The  heavy  tar-oil  comes  over  at  200°. 

The  light  tar-oil  is  again  distilled,  and  the  distillate  treated  with  strong  sulphuric 
acid,  next  with  caustic  soda  solution,  and  then  again  distilled.  The  treatment  with 
sulphuric  acid  aims  at  the  removal  as  well  of  basic  substances  (ammonia,  aniline),  as 
of  naphthaline,  while,  by  means  of  the  caustic  soda,  the  carbolic  acid  is  fixed.  The 
quantity  of  sulphuric  acid  to  be  used  for  this  purpose  amounts  to  5  per  cent  of  the 
weight  of  the  tar-oil;  while  the  soda  solution  of  1*382  sp.  gr.  (  =  4o''B.)  amounts  to 
2  per  cent  of  that  weight.  The  liquid  tlius  obtained  is  the  benzol  of  trade; 
it  remains  colourless  on  exposure  to  air,  and  is  a  mixture  of  various  substances  with 
benzol,  toluol,  and  xylol  as  chief  constituents.  It  is  easily  converted  into  nitro- 
benzol  isee  p.  572),  the  starting-point  for  many  of  the  coal-tar  colours.  Tlie  coal-tar 
2iaphtha.  now  usually  sold  after  the  benzol  has  been  completely  removed  by 
firactional  distillation,  is  used  as  a  solvent  for  caoutchouc  resins,  fixed  oils,  gutta- 
percha, and  for  burning  in  lamps  peculiarly  constructed  for  the  purpose,  and 
only  used  in  open  air.  Coal-tar  naphtlia  is  also  used  for  carburetting  gas  of  low 
quality.  When  the  crude  oil  of  tar  is  cooled  down  to  —10'',  naphthaline  is 
deposited  from  it,  which,  as  already  mentioned  (see  p.  581),  is  used  for  the  prepa- 
zation  of  some  dyes,  and  also  for  tlie  manufacture  of  benzoic  acid.  The  heavy  oil  of 
tar  is  purified  with  concentrated  sulphuric  acid  and  caustic  soda  ley,  and  freed  from 
IcBtid  sulphur  compounds  by  distillation  over  a  mixture  of  sulpliate  of  iron  and 
lime.  By  fractional  distillation  between  ly^^  and  200"*  creosote  is  obtained, 
being  a  mixture  of  carbolic  or  phenylic,  cresylic,  and  plilor^-lic  acids.  TJiis  is 
the  raw  material  used  for  the  preparation  of  carbolic  acid  and  picric  acid  (see  p.  580), 
also  for  certain  blue  and  red  pigments,  for  creosoting  wood,  for  pre8er\'ing  anatomical 
preparations,  &c.    Lunge  obtained  from  a  ton  of  tar : — 


Benzol  at  50  per  cent    ... 

2-88  gallons 

=     1300  litres. 

Best  naphtha 

...       2-69      „ 

=      I2-00      „ 

Burning  naphtha    

...      3-51       » 

=       1508      n 

Creosote 

...     8325      „ 

=      374  hectolitres. 

Ammouiacal  liquor 

...      300      .. 

=       13-5  litres. 

And  I  If  cwts.  of  pitch. 

The  heavy  oils  of  coal-tar  and  the  pitch  are  now  largely  used  for  the  preparation 
of  anthracen,  from  which  artificial  alizarine  is  made.  The  pitch  is  further  usefully 
employed  in  lacquer  and  varnish   making,   and  also  for  asphalting  pavements. 

4.  The  gas-lime  is  used  abroad  for  the  purpose  of  removing  the  hair  from 
hides  and  skins  intended  to  be  tanned,  the  sulphuret  of  calcium  contained  in  the 
lime  acting  as  a  dcpillatory.  In  some  localities  the  spent  lime  is  employed  for  making 
Berlin  blue  from  tlie  cyanide  of  calcium  contained  in  the  lime,  and  for  tlie  prepara- 
tion of  sulphocyanogen  compounds,  owing  to  the  sulphocyanide  of  calcium  it 
contains.  As  already  mentioned,  spent  gas-lime  is  largely  used  in  Scotland  as*  a 
manure,  wliich    at    the    same    time    destroys    a    great   many    injurious   insects. 

5.  Sulphur  is  prepared  from  the  Laming  mixture  (see  p.  ig8),  and  used  for  making 
sulphuric  acid ;  it  might,  perhaps,  be  better  to  extract  the  sulphur  from  the  mixture 
by  means  of  steam  at  130^  The  Laming  mixture  is  occasionally  treated  with 
heavy  tar-oils  for  the  purpose  of  eliminating  the  sulphur. 
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[UKS  exhibit  the 

1  eonipoi 

IL         m. 

nr. 

41-37      39*80 

5i-a9 

50X«    46«  i 

3830      43-ia 

36-45 

35"9a    3n- 

556        4-66 

445 

5"oa      rS 

5«1  *•» 

4'9« 

5'35      S^ 

543        465 

1-41 

1-89      01 

—           — 

0-41 

iy54      - 

—         30» 

z-08 

i-aa     07 

—          _ 

^^ 

.  —       *» 

I  of  ciMi-f»       Tne  louowtng  1 
gas  in  100  parts  by  bulk : — 

L 

Hydrogen    •••    44'^^ 

Ibrsh-gas  (methyl-hydrogen)  3840 

Carbonic  oxide 573 

Eilayl    • 4*^3 

Ditetryl       3*14 

Nikregen      4'23 

Oxygen       •••    •    •••        *-' 

Carbonic  acid     0*37 

Aqueous  yapoor — 

I.  and  n.  Heidelberg  ooal-gas.    IIL  Bonn  eoal-gas,  ana^yaed  by  H. 
V.  Chemnitz,  Saxony,  coal-gas  analysed  by  Wnnder.      VL   Iiondon  eoal^  ^ 
TIL  London  cannel  gas  (1867). 

woodfsi.  II.  As  already  mentioned  (p.  645)  the  French  engineer  leki 
engaged  in  1799  with  the  making  of  gas  from  wood,  and  brought  oat  an  iffs 
termed  by  him  a  tliermolamp,  which,  however,  was  neither  ibond  to  m^t 
heating  nor  for  illuminating  purposes,  as  the  illuminating  power  «Cii 
obtained  by  his  process  from  wood  was  very  inferior  and  could  not  compete  vlfc 
coal-gas  which  became  known  soon  after.  The  reason  why  wood,  as  eooranl 
gas  by  Lebon's  apparatus,  did  not  give  satisfactory  reaalta  is  explained  brDi 
by  proving  that  under  the  conditions  of  the  distillation  of  wood  empM 
Lebon,  the  gas  evolved  consists  chiefly  of  marsh-gas  and  carbonic  oxide.  M 
which  can  scarcely  be  considered  luminous  glses.  In  the  year  1849.  Dr.)L 
Pettenkofer,  at  ^lunich,  resolved  to  experiment  on  the  manufactnre  of  £V  • 
wood,  and  lie  found  ihat,  as  stated  by  Dumas,  when  wood  is  submitted  to  disriiii 
in  a  manner  similar  to  coal,  the  gas  produced  is  entirely  cmfit  fur  iUaimu 
as  in  addition *V)  carbonic  acid,  there  are  only  formed  carbonic  oxide  and  mAnb- 
But  Dr.  Pettenkofer  also  found  that  when  the  vapours  of  tar  and  empjTeumaaE 
given  off  by  the  carbonisation  of  wood  at  a  comparatively  low  tcmiH?nitnw 
furtlier  heated  by  passing  tlirough  a  red-hot  retort,  a  very  large  quantiiv  of  t« 
hydrocarbon  gas  remains  among  tlie  products,  so  tliat  then  wood  fields  a  betkr 
than  coal. 

While  coals  are  not  perceptibly  acted  upon  by  a  temperature  as  liijrh  as  200'.  * 
gives  off  combustible  vapours  at  150'';  and  in  order  to  understand  Uie  prvvts 
wood-gas  manufacture,  we  must  distinguish  between  the  temperature  at  i^hichv 
is  carbonised  or  converted  into  charcoal  and  empyreumatio  vapours,  and  ihe  i 
perature  at  which  these  vapours  are  converted  into  permanent  gas  suited  for  iila 
.nation.  Coals,  resin,  and  oils  yield  an  illuminating  gas  at  once,  when  submiuedu 
distillation  in  gns  retorts,  because  the  temperature  of  c-arbonisation  and  of  foncaitii- 
gas  are  nearly  tlie  same  ;  consequently  the  vapours  formed  by  the  dry  di^tilLltio• 
tliese  substances  are  far  higher  in  illumination  power  than  obtains  in  thecaseof  t, 
Thereft)re  the  apparatus  in  use  for  coal-  and  oil-gas  preparation  are  not  suited  for  mil 
wood-gns.  Some  of  the  substances  rich  in  carbon  and  hydrogen  met  with  in  wood 
(Stockholm  tar)  boil,  by  themselves,  at  a  higher  temperature  (200*'  to  250=*  thani 
at  which  tliey  are  formed  from  wood;  and  the  illuminating  power  of  wood -fits  s 
a  great  measure  due  to  their  conversion,  b}-  a  higher  temperature,  into  iH-rmiz 
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The  manufacture  of  wood -gas,  therefore,  requires  in  the  first  place  a  retort 
,  which  the  wood  is  converted  into  vapour,  and  another  retort  or  generator 
:  which  the  vapours  are  rendered  gaseous.  At  first  tlie  carbonising  retort,  ot 
e  same  shape  as  tlie  ordinary  coal-gas  retorts,  was  connected  with  a  series  of  iron 
biM,  which  were  made  red-liot,  and  through  which  the  vapours  given  ofi"  by  the  car- 
■daation  of  tlie  wood,  at  a  temperature  of  250°  to  300"^,  were  passed  to  be 
nverted  into  gas :  but  now  large  retorts  are  used  for  this  purpose,  about  three 
pes  as  large  as  the  carbonisation  retort,  which  holds  60  kilos,  of  wood,  and  there 
^  therefore,  ample  space  for  the  conversion  of  the  vapours  into  gas.  As  regards  the 
Iftlity  and  quantity  of  gas  obtained  from  dififerent  kinds  of  wood,  there  is  no  very 
«ftt  difierence,  as  may  be  inferred  from  the  under-mentioned  results  of  the 
•aarches  made  by  W.  Reissig,  who  operated  upon  aspen  wood  (i) ;  linden  wood  (2) ; 
teh  wood  (3) ;  willow  wood  (4) ;  fir-tree  wood  (5) ;  and  white  wood  or  Memel 
mber  (6). 

50  kilos,  (i)  gave  of  purified  gas  592  cubic  feet,  and  99  kilos,  of  charcoal. 


50  „ 

(2)           „ 

„      620—640      „ 

»9— II 

»             >. 

50  „ 

(3)         „ 

550 

M       125 

»            «i 

50  ,. 

(4)         » 

660 

.>         90 

>*            » 

50         M 

(5)        » 

648 

»    95 

>»            it 

50         „ 

(6)        ., 

M                     564                         >» 

»    9'2 

»»            »i 

That  the  crude  wood-gas  contains  a  largo  quantity  of  carbonic  acid  may  be 
iferred  from  the  following  results  of  analysis  by  Pettenkofer,  the  gas  having  been 
tade  of  wood  as  much  as  possible  free  from  resin : — 

Heavy  hydrocarbons      69 1 

Marsh-gas  (methyl-hydrogen)      ...  11 '06 

Hydrogen         15*07 

Carbonic  acid 2572 

Carbonic  oxide        40*59 

One  volume  of  the  heavy  hydrocarbons  contained  282  volumes  of  vapour 
r  carbon.  The  carbonic  acid  is  removed  from  the  crude  gas  by  means  of  hydrate 
r  lime.  According  to  Reissig's  researches,  the  composition  of  purified  wood-gas  is 
le  following : — 


Heavy  liydrocarbons        

Hydrogen 

Light  hydrocarbon  gas  (marsh-gas)  > 
Carbonic  oxide 


I. 

2. 

3- 

4- 

7-24 

7*86 

900 

734 

3184 

48-67 

2976 

2960 

3530 

2117 

20*96 

2402 

2562 

22-30 

4028 

3904 

lOOOO 

100  00 

100-00 

loo-oo 

''''MwiufiiYt'S!:!^**  The  wood,  chiefly  fir-wood,  is  first  dried  for  twenty-four  hours  in 
drying  room,  generally  brick-built,  and  heated  by  the  waste  heat  of  the  retort 
imaccs.  The  carbonising  retort  is  filled  with  50  to  60  kilos,  of  wood  and  the  lid 
srewed  on ;  the  distillation  is  finished  in  1 1  hours,  and  after  the  removal  of  the 
urbonic  acid  tliere  is  obtained  about  16  cubic  metres  (nearly  600  cubic  feet)  of  good 
laminating  gas.    In  some  places,  where  wood-gas  is  regularly  made,  it  is  preferred 
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to  distil  witli  the  wood  some  Scotch  boghead  coal  or  Bohemian  foliated  coal  (BZottal 
kohle), 

wood-ouBoriMn.  The  construction  of  the  burners  is  of  great  importance  with  regiri 
to  wood-gas  iUumination.  The  sp.  gr.  of  this  gas  amounts  on  an  average  to  07, 
while  that  of  ordinary  coal-gas  scarcely  every  reaches  05  ;  the  lighter  the  gas  the 
more  readily  and  rapidly  it  flows  out  and  expands  in  the  air,  and  the  heavier  the 
gas  tlie  more  slowly  and  difficultly  it  issues  and  expands.  A  light  gas  will  not  on 
issuing  into  the  air  separate  its  particles,  while,  on  the  other  hand,  a  heavy  gas  will, 
by  exerting  greater  friction,  mix  with  the  air;  in  order  that  this  effort  shall  not 
injure  the  luminosity  or  the  gas,  the  openings  in  wood-gas  burners  must  be  con- 
siderably larger  than  in  coal-gas  burners.  When  wood-gaa  is  bnmt  with  rather 
strong  pressure  from  coal-gas  burners  calcolated  to  consume  70  to  200  litres 
(3  to  4  cubic  feet)  per  hour,  the  flame  is  scarcely  luminous,  whilo  when  burnt  from 
burners  witli  large  openings,  wood-gas  yields  a  light  exceeding  that  of  coal-gai. 
According  to  the  experiments  made  in  1855  by  Drs.  Liebig  and  Steinhill,  the  illa- 
minating  power  of  coal-gas  and  wood-gas  used  each  at  4}  cubic  feet  per  hour  ww 
found  to  be : — 

For  coal-gas    =  10*84  x^ormal  wax-candles. 
„    wood-gas  =  1292       „         „        „ 

so  that  the  average  illuminating  power  of  coal-gas  stands  to  that  of  wood-gas  as  6 : 5. 
The  advantage  of  wood-gas  manufacture  over  that  of  coal-gas  (only  of  coarse  in  locali- 
ties where  wood  is  very  abundant  and  coal  either  not  to  be  had  or  at  great  costi  is 
evident  enough,  because,  in  addition  to  less  complicated  apparatus  than  required  for 
coal-ga^.the  manufacture  ofwood-gas  yields  far  more  valuable  by-products,  wood  char- 
coal being  the  chief  of  tliese.  Wood,  moreover,  yields  weight  for  weight  more  gas 
than  coal  in  a  shorter  time  and  of  higher  illuminating  power,  while  the  gas  is  abso- 
lutely free  from  sulpliur  and  aiimiouiacal  compounds,  so  that  by  the  burning  of  wooJ- 
gas  no  sulphurous  acid  can  be  formed.  As  tlie  distillation  of  wood-gas  procefda 
rapidly,  one  retort  kept  continuously  in  action  for  twenty-four  hours  will  yield 
10,000  cubic  feet,  while  for  coal-gas  only  4000  cubic  feet  are  obtained  with  one  retort 
in  tlie  same  time.  On  the  otlier  hand,  wood-gas  requires  for  purifying  purposes  a 
ver}'  large  quantity  of  quick-lime.  The  wood-tar,  about  2  per  cent  of  the  weight  of 
the  dry  wood,  and  the  wood-vinegar — 100  parts  of  wood  yield  05  to  075  parts  of  dir 
acetate  of  lime — are  usefully  applied ;  the  tar,  however,  is  in  some  localities  bumt 
under  the  retorts. 

Peat-oas.  III.  Whcu  pcat  is  submitted  to  dry  distillation,  there  is  obtained,  as  with 
coals,  an  aqueous  distillate,  tar,  and  carbonised  peat  or  peat- coke.  Void  obtained  by 
the  dry  distillation  of  an  air- dried  peat,  taken  from  a  high  moorland  in  the  cantoa 
Zurich,  Switzerland,  from  100  parts: — 

Gas 17625 

Tar 5375 

Aqueous  distillate 52000 

Peat-coke 25000 

The  products  of  the  dry  distillation  of  peat  are : — 


Fluid  and  solid 
hydrocarbons. 


Peat  oil,  0*820  sp.  gr. 

Heavy  oil  (lubricating-oil),  0885  8p.gr« 

Paraffin. 
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Bases. 


/Ammonia. 
Etliylamine. 
Picoline. 
Lutidine. 
Aniline. 
Caespitine. 


Acids. 


'Carbonic. 

Sulphuretted  hydrogen. 
Cyanhydric. 
Acetic. 
Propionic. 
Butyric. 
Valerianic. 
I  Carbolic. 


/Heavy  hydrocarbons. 
J  Light  hydrocarbons. 
1  Hydrogen. 
I  Carbonic  0 


Gaseous  products. 

\  oxide. 

le  apparatus  in  use  for  making  wood-gas  answers  the  purpose  of  making  peat- 
W.  Reissig,  who  has  for  a  long  time  been  engaged  in  experimenting  on 
gas  manufacture,  used  a  fat  peat  from  the  neighbourhood  of  Munich,  con- 
ig  very  little  ash  and  14  to  15  per  cent  of  water.  On  an  average  i  Bavarian 
of  this  peat  yields  426  Bavarian  cubic  feet  of  gas ;  134  lbs.  of  tliis  peat  yield 
English  cubic  feet  of  gas.  The  gas  is  evolved  at  first  very  rapidly,  as 
30  the  case  with  wood,  but  the  evolution  of  gas  from  peat  decreases  more 
rmly  and  steadily  than  it  does  from  wood.  Keissig  s  experiments  prove  that 
gas  may  be  prepared  of  very  good  quality ;  he  found  the  purified  peat-gas  to 
st  of  :— 

I.  Heavy  hydrocarbons       952 

Light  hydrocarbon  gas 4265 

Hydrogen 27  50 

Carbonic  oxide 20*33 

Carbonic  acid  and  sulphuretted  hydrogen   traces 

lOOOO 

e  analysis  of  another  gas,  made  with  a  very  excellent  peat,  gave  the  following 
t:— 

n.  Heavy hydrocarbons(^^Jyl=Jg|^    1316 

Light  hydrocarbons 33*oo 

Hydrogen 35*i8 

Carbonic  oxide i8'34 

Carbonic  acid  and  sulphuretted  hydrogen o  00 

Nitrogen    0*^2 


r-OM.  IV.  The  manufacture  of  water-gas  essentially  consists  in  forcing  steam 
gh  iron  or  fire-clay  retorts  filled  with  red-hot  charcoal  or  coke.  The  steam  is 
nposed,  yielding  a  mixture  of  hydrogen,  carbonic  oxide,  and  carbonic  acid  gases, 
a  small  quantity  of  marsh-gas.  The  purified  gas,  consisting  essentially  of 
nic  oxide  and  hydrogen,  is,  although  not  luminous  when  burnt  by  itself,  suitable 
luminating  purposes  under  the  following  conditions : — i.  By  placing  on  the 
jrs  small  platinum  cylinders  which,  by  becoming  white-hot,  yield  a  strong  light 
ngcmbre's  and  Gillard's  plan.  2.  By  impregnating  the  gas  with  vapours  of 
>carbons,  a  more  common  plan,  the  original  idea  being  due  to  Jobard  (1832)  of 
sels. 


($72  CHEMICAL  TECHNOLOGY. 

The  determinations  of  the  compositions  of  water-gas  vary  very  much.  JacqneUio 
and  Gillard  state  that  tlic  crude  gas  obtained  by  them  is  a  mixture  of  hydrogen  and 
carbonic  acid,  wliich,  after  having  been  purified  by  means  of  lime,  consists  essentiallj 
of  hydrogen.  But  it  is  stated  by  otliers,  and  not  witliout  good  reason,  that  tibe 
purified  gas  contains  carbonic  oxide  and  hydrogen;  and  Langlois's  results  agree 
with  this  account.  The  formation  of  i  molecule  of  carbonic  oxide  requires  i  mole- 
cule of  steam,  the  liydrogen  of  which  is  set  free,  C-f  H20=C0-|-Ha,  When  the 
carbonic  oxide  meeta  again  with  steam  at  a  higher  temperature,  it,  as  has  been 
experimentally  shown  by  Dr.  Verver,  withdraws  oxygen  from  the  steam,  forming 
carbonic  acid,  wliile  some  hydrogen  is  again  set  free  :  C0-f-H2O=CO2+Ha.  Onfy 
when  tlie  carbonic  acid  is  not  withdrawn  rapidly  enougli  from  the  retorts  is  its 
re-conversion  into  carbonic  oxide  by  contact  with  the  red-hot  charcoal  possible. 

puSiuio"=;.  ^^  ^^^^  y^"*^  ^^46,  Gillard  established  at  Passy,  near  Paris,  a  gis- 
work  for  the  purpose  of  manufacturing  hydrogen  by  tlie  decomposition  of  water. 
At  first  the  steam  was  decomposed  by  passing  it  through  retorts  filled  with 
ret-hot  iron  wire,  the  idea  being  to  re-convert  the- oxidised  iron  to  the  metallic  state; 
but  as  this  process  did  not  answer,  Gillard  commenced  decomposing  the  steam  by 
passing  it  through  a  retort  filled  with  red-hot  charcoal.  The  crude  gas  thus 
obtained  is  readily  freed  from  the  large  quantity  of  carbonic  acid  it  contains,  bjr 
crystallised  carbonate  of  soda,  which  is  converted  into  bicarbonate  of  soda.  The  gis 
is  burnt  from  an  Argand  burner  provided  with  numerous  small  holes,  and  the 
flame,  not  luminous  by  itself,  is  surrounded  by  a  net-work  of  moderately  fine 
platinum  wire,  which  on  becoming  white-hot  is  luminous.  In  Paris  this  gis  is 
known  as  platinum-gas  ifjaz-platine).  It  is  free  from  smell,  bums  without  smoke  or 
soot,  and  for  this  reuson  is  preferred  by  gold  and  silversmiths  and  olectro-gilders. 
The  illuminating  power  of  this  gas  exceeds  that  of  coal-gas  in  the  proportion, 
according  to  Girardin,  of  130  :  127.  The  flame  is  quite  steady,  because  the  hght- 
producing  substance  is  a  solid  body  at  a  white  heat.*  According  to  Dr.  Verver's 
researches  there  are  used  at  Narbonne,  France,  for  tlie  production  of  i  cubic  metre  of 
this  gas  032  Kilo,  of  wood -charcoal,  and  for  heating  the  retorts  1-41  kilos,  of  coals. 

carburtit,.iwiit.r-Gu^.  AVliile  engaged  in  his  experiments  on  tiie  oil  obtained  bv  the 
strong  compression  of  oil-gas,  Faraday  proved  that  if  marsh-gas,  which  bums 
with  a  scarcely  luminous  flame,  is  impregnated  with  this  oil,  it  becomes  a  very 
luminous  gas.  Lowe  proposed,  in  the  year  1832,  that  common  coal  gas  sliould 
be  rendered  more  luminous  by  impregnating  it  with  vapours  of  tar-oil  or  petroleum, 
lie  also  showed  that  with  the  aid  of  steam  and  red-hot  coke  a  mixture  of  carbonic 
oxide  and  hydrog(?n  miglit  be  obtained  and  rendered  luminous  by  iuipregnation  with 
these  vapoui;s.  Afterwards  Jobard,  at  Brussels,  took  up  the  stibject  and  communi- 
cated his  researches  to  tlie  French  gas-engineer  Selligue,  who  having  at  an  enrher 
period  US33)  been  en^^aged  with  cimilar  researches,  entered  upon  the  subject  with 
great  energ}%  and  employed  carburetted  water-gas  for  illuminating  purposes  on  tlie 
large  scale.  Selligue  used  the  oil  obtained  from  a  bituminous  shale  for  the  purpese 
of  carburetting  tlie  water-gas,  the  oil  being  obtained  in  the  same  manner  as  such  oil 
IS  now  made  from  various  kinds  of  cannel  coal  and  bituminous  shales.  Selli*Mies  ira-s- 
making  apparatus  consisted  of  a  battery  of  three  vertical  retorts  kept  continuouiJy 

•  Schinz  haR  lately  published  an  essay  on  this  gas;  see  Dr.  Wagner's  *'  Jahresbericht 
der  chem.  Techuulogio,"  1869,  p.  731. 
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Ited-hot.  two  of  these  retorts  Wmg  filled  with  charcoal  or  colie  of  good  quulity 
liuid  very  free  from  sulphur.  Into  the  first  of  thfse  retorts,  which  are  eouuected 
ItdgcflJitT.  steum  is  introduced,  furming  with  thtj  rod-hot  charcoal  cnrlxmic  oxiile  and 
lljyditjgen.  This  gusw>us  inixturo  paasing  throufjh  the  second  retort,  altso  filled  with 
loh«u'coal,  is  tlieit^  deprivt^d  of  any  carbonic  acid,  which  is  converted  int*j  carhonic 
Idude.  This  18  the  re\"erSL»  of  tho  method  of  water-gas  making  now  employed, 
■"frhere  the  carhonic  oxido  is  converted  into  carbonic  acid,  to  be  next  removed  from 
Ithe  gaseous  mixture  by  means  of  lime.  The  vciy  hot  mixture  <»f  hydrogen  and 
raurbonic  oxide  is  next  passed  into  the  tliird  retort,  which  i»  filled  for  two-rhirds  of  its 
llieigbt  witli  in:»n  chains  kept  red-hot,  wliilt*  a  eontiuiious  btream  of  the  oil  of  the 
lliituminous  shale  llows  from  a  reaervoir  ilirough  a  syphon-pii>e  mU:>  ihls  retort  ito 
•  every  to,cxx>  litres  of  gas  5  kilos,  of  oil  are  admitted),  and  upon  becoming  decomposed, 
litiixea  with  tlie  carb>nic  oxide  and  lij^drot^en,  fonnlng  a  gaseous  mixture,  which, 
notwithstanding  ttie  large  (|uantity  of  carbonic  oxide  contained,  burns  with  a  highly 
I  luminous  fiume*  the  gas  being  at  the  same  time  of  great  durability.  A  gas-ftirnaoe 
I  Upon  Selligues  plan  and  containing  six  retorts  in  two  batteri«3s.  together  of  6  cubic 
I  metres  capacity,  yiehled  in  twenty -four  hours  34,000  to  28.000  hectolitres  (=84,768 
■  to  98.S96  English  culnc  feet)  of  excellent  gas,  with  a  consumption  of  1231  kilos,  of 
I  oil  of  bituminous  shale,  400  kilos,  of  wood -charcoal,  and  16  hectolitres  of  coal  for 
I  £ring  tlie  retorts. 

I  Selhtfue'B  process  bus  jnven  rise  to  the  followinfj  methods:- — i.  White'e  hydrocRrbon 
I  prooefis,  in  wbich  Btenm  and  gftb  are  made  from  coak  (originally  re«in  waw  employed,  bnt 
I'OWinel  coiUk  bave  bein  i?«bfititnted)  under  tbe  influence  of  n  jet  of  superheated  titeam 
I  passed  through  a  red-hot  retort.  2.  lieprince's  proceeis,  Ga*  mirte  Lrprinre,  is  au 
I  improved  hydrtxrnrbon  prc»eef^B,  the  prodnrte  of  the  dccompodtiofi  of  steiini  and  coke 
I  being  carried  at  a  suitable  tenj]>erature  and  in  the  eame  retort  (provided  with  a  f>artitioii 
land   thus   divided  into    twu   I'ompartnieut;?)    over    cojils    in   prooeRS   of    cnr'  1. 

I  3,  Ifioard^R  prncefis,   witli    sufjerheated    steftin    and   eoal-tfir  mited.      4.    A'  > 

I  BaldaiuuH  and  Grune'**  plan,  stetnu  and  a  fluid  hydrocnrlK'n  are  deoompi'  ,  .  ,...ul- 
I  taoeooi^ly  tu  tbe  sjmie  retort.  5,  Kirkliam*^  ploii  and  tliat  of  others,  tbe  impregnation  of 
I  water-g«j.8  with  tluid  bydnx'arbons,  benzol,  pbotogen,  petroleum,  naphthu,  t%c.  6.  Long- 
I  bottom'fciproposiil  to  carburet  air  by  iuiprcf^ating  it  with  vnpourt;  of  benzol,  or,  aecording 
I  to  WiedfrboU'splan,  witb  petroloam  naphtbn,  the  benzoline  iis  used  in  gpgnge-lamps. 
I  Whik»»nTdrt*iuhoB  White  in  so  far  niotlilied  SeUigue's  plan  in  Ciiuting  water-gaa  and 
I  ptx>*4»,  uteam  to  be  forced  through  a  retort  in  which  cannei  cojd,  k»gliead,  or 

I  resm  are  pulmntted  to  dittillution.  WTiite'a  process,  tin  yet  rarely  employed,  came  under 
I  notiiM?  tbroti^b  tbe  refjcnrche^  which  Dr.  f  raukland  instituted  at  Clarke  and  Co /a  gaa- 
1  works  at  Aneoats,  near  Munehi^ter. 

I  Dr.  Frankhind  found  the  ga?*  made  by  White's  process  to  contain  about  15  per  cent  of 
I  cwbonic  oxide,  no  carbonic  aeid,  and  some  45  per  cent  of  hydropen.  Tbii  iacrcaHe  of 
I  bydrogtn,  without  au  equivalent  increaae  of  carbonic  oxide,  cau  oidy  l>e  explained  by  the 
I  act jt'O  of  tbe  steam  op<iii  the  marsh-gas  evolved  in  the  retort  filled  with  cuimel  cojI^ 
I  firuldbly  according  to  tbe  following  formoliB  : — 

Marab  gaft.  CHj  I    -^  n    ^  Carbonic  oxide,  CO. 
i  Steam,  HiO        ]  ^^^"^  1  Hydrogen,  jHa. 

I      TbB  oomposition  of  the  gaa,  made  with  and  without  water-gaa,  was  as  follows  t^         J 

I                     Gas  from  Boghead  cool : —  9 

I                                                                                        WithoDt  With  m 

I                                                                                         water-gas,  water-gas,  V 

I  Heavy  hydrocarbons       . .     . .      ..     24*50  14*12  ^ 

I  Marsh-gas ,     583S  22*15  fl 

I  Hydrogen.. i^0'54  45'5^  fl 

I  Carbonic  oxide..     ..     ,.             ••       65S  I4'54  S 

I  Carbonic  acid —  378  ^ 

I  Oxygen  and  nitrogen      ,.<,,..      —  — 

I  loo'oo  10000 

L  44 
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The  advatitages  of  Wbite^a  hydrocarbon  process  me  not  only  the  tnereaM  «l  1 , 
lUdd  decrease  of  carbonic  oxide  and  marsh  gas  as  met  with  in  ordinary  roal-gii».  Imt  at^ll 
b«  found  in  the  mechanical  action  of  the  products  of  the  decYimx»osriDFj  »t<xsm  W  i 
off  very  rapiiUy  the  heavy  hydrooarbons  from  the  retort,  »o  that  tb<^st 
time  from  the  decompusing  influence  of  high  tempeiitture,  tbtirchy  h 
tioxt  of  tar.     Dr.  Frankhiud  summarises  the  results  of  thi:i  proce*vi  a-*  I  ...v^     .      , 
ba  anpJoyed  without  preat  expense  in  any  g»ia-work.     b.  The  quantity  of  fji* 
]xiC!re«i6e«  from  46  to  iqo  per  cent,    c.  The  illtuninatinjj  power  incxt'iisrf >«  Irotn  14  to  tu 
cent,     d*  L«g6  tar  is  made,  a  jtortion  heing  converted  into  gas,     t.  The  he*l  and 
liou  of  carhonic  acid  ftccompanying  tho  combustion  is  much  leEs,  as   tiiis  gj^s 
more  hydrogen  and  \gs»  carbon. 

]>pH2)««'i  Watex  044.       This  is  only  a  modification  of   White's  prooeap,  co(U«i$tiiig  diid^ 
in  the  use  of  retorts  divided  by  means  of   horizontal  partitiona    into   ilir 
ehambeTB,  in  which  the  two  phases  of  the  process,  vi2.,  tho  partial  dccompi 
by  means  of  coke  or  charcoal,  and  the  earburatiou  of  the  gas  by  meati^ 
products  of  the  dry  di«liliation  of  gas-coids,  are  carried  on  Einiultiuicoufily.    Tl^^ 
Lrprlncf.  is  used  in  th<3  broad-«loth  factory  of  Simonis  at  Vcrrirrs,   tmd  mi 
Moutagne  zinc-works,  both  in  Belgium,  also  at  Blaestricbt  and  some  plao^a  new  J 

ivoani  f  r*jL»,      In  thi4  procesB  tar  in  used  instead  of  charcoal  or  ooke  for  the  1 
deoompobjng  the  tteam. 

BmMamua  aiui  Qntua  ■      According  to  thiB  plan  the  decomposition  of  aieom  ajad  of  the  hjit^ 
*^^  carbons  is  carried  on  simultaseouidy  in  the  fiante  Teaeel*  s^J " 

hydrogen  contained  in  the  steam  is  not  evolved  in  free  bUI**,  but  in  eombh 
carbon  &%   a  ligbt-giiring  hytUocarbou,     The  gas*makiug  mat««riid,    browri 
bitununous  shale,  &c.»  is  fully  ntihsed  without  any  by-products,   for    ' 
converted  into  gun,  forming  with  the  hydrogen  of  the  water  a  real  hydr 

Ciiri»ujratic4  On*.        The  process  pr<jpo»ed  by  Kixkhain  and  several  others 
the  impregnation  of  water-gas  with  the  vapours  of  fluid  hydrocorbi 
geu»  petraloura,  &c.     Thin  impregnation  may  take  place  at  the  work^ 
made,  but  better  where  the  gan  is  consomedi  juat  before  iSFuing  from  ihts  hu 
withstanding  that  a  great  many  apparatus  have  been  contrived  for  the  pnrpoi^l 
retting  water-gsw   and  ordinary   coal-gas,  the  process  has  never    answemi 
because  it  is  dilhcult  to  tind  suitable  materials  for  carbnretting,  and  becftiaa 
calculations  huve  been  made  in  robpeit  of  the  quantUy  of  carburetting  mmleriidb  1 
to  render  a  non-luminous  ga^  luntinouta.     If,  for  instance,  benzol   (C^H^  ho  |bt  l^i>^ 
carbon  to  be  u^ed  fur  carburetting  purposes, 

1000  cnhic  feet  of  gas  require  |        **s*  ^11^  grms. « i^^^j^^i^ 

The  improvement  of  coal-gas  by  impregnating  it  with  the  vapours  of  some  toIa  _ 

C4Lrbon  has  been  frequently  suggested  and  practically  tried  in  Enplnnfl :  brilj 

Tarious  apparutus  ha^e  been  contrived  for  this  purpose,  such  flj>] 

fixed  to  tlie  outlet-]iipe  of  the  house-meters,  the  results  have  not  1' 

lead  to  a  gencTal  introduction  of  these  Bo-called  carburettera.     >'i 

these  appliances  have  been  discarded,  is  the  fact  that  the  gas.  e  1 

tains  sulphuretted  hydrocarbon  compounds  in  verj*  small  quantity 

dissolved  in  the  hydrocarbon  used  for  impregnating  the  gas,  ace  urn  n 

retter,  and  are,  when  fresh  carburetting  oil  is  added,  carried  on  to  the  I 

partly  in  the  state  of  vapour,  caufling  a  very  foul  atmosphere  in  the  rooms  T^htri;  ihe.i 

ifl  burnt. 

Air-oan.       Longbotlom  suggested  to  free  air  from  carbonic  acid  and  moLstnre,  1 
to  impregnate  it  with  the  vapouns  of  very  volitile  fluid -by  flrocnrbons,  auch  tkB  hetusbm{ 
benzohne.     Air  can  he  used  as  an  illuminating  gas  in  this  way,  but  it  reqaiittfe  I 
with  wide  openings  and  a  low  pressure,  because  if  the  current  of  the  gas  be  too  rspfai] 
flame  is  cooleil  too  much  and  readily  extinguished.     Apparatus  fur  preparing  air^gsa  I  ^ 
been  devised  and  constructed  by  Marcus ,  Mille,  Methei,  and  otht?r8.* 

oii'Ou,  B«»iii-o«a.       V.  The  fatty,  or  so-called  tixf^d  oils,  are  among  the  best  gftk<i 
materials,  yielding  a.  very  pure  gas  and  of  high  iUuminating  jwwer.     This  frt] 
from  their  cnmposition ; — Lefort  found  the  fonnula  of  rape-se«d  oil  to  be  CioHci 
olive  oil  and  poppy-seed   oil,    CtsH-^Oa;    linseed  oil,  C,3H,sOa ;    Lemp-sc^sd 
C11H22O2,     The  fatty  oils  yield  by  dry  distilhLticn  chiefly  eiayl-gas  or  &  tniittttiii } 


•  See  *♦  Jahresbeiioht  der  cbexn.  Technologies*  1866,  p,  701 ;  1868,  pp.  763  ssid  7^  1 
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bydrogen  and  marsh-gas  with  the  vaponrs  of  fluid  hydrocarbons,  the  illuminating 
power  of  which  is  equal  to  that  of  elayl-gas.  As  oils  yield  further  only  a  small 
quantity  of  carbonic  acid  gas  and  no  sulphuretted  hydrogen,  oil-gas  does  not  require 
any  purifying,  and  hence  the  apparatus  may  be  very  simple  ;  wliile,  owing  to  the  high 
illuminating  power,  smaller  gas-liolders,  smaller  pipes,  and  burners  of  different  con- 
struction are  required.  But  notwithstanding  all  these  advantages,  oil-gas  is  a  thing 
of  the  past.  The  Binneuhof,  at  the  Hague,  with  some  of  the  adjacent  public  build- 
ings, was  lighted  with  oil- gas  until  within  some  ten  or  twelve  years,  when  the 
apparatus  requiring  renewal  was  removed,  and  coal-gas,  as  in  the  other  parts  of  tlio 
town,  substituted.  The  sp.  gr.  of  oil-gas  amounts  on  an  average  to  076  and  ego, 
but  may  bo  as  high  as  11.  Half  a  kilo,  of  oil  yields  22  to  26  cubic  feet  of  gas,  equal 
to  90  to  96  per  cent. 

GM  from  Saint.  By  this  WO  Understand  a  gas  prepared  from  the  fatty  materials 
present  in  the  soap-suds  used  in  washing  raw  wool  and  spun-yams.  The  water 
containing  tlie  suiut  and  soap-suds  is  run  into  cisterns  and  is  there  mixed  with  milk 
of  lime  and  left  to  stand  for  twelve  hours.  A  thin  precipitate  is  formed,  which,  after 
the  supernatant  clear  water  has  been  run  off,  is  put  upon  coarse  canvas  for  the 
purpose  of  draining  off  any  impurities,  sand,  hair,  &c.,  wliile  tlie  mass  which  runs 
through  the  filter  is  put  into  a  tank,  in  which  it  forms  after  six  to  eight  days  a  pasty 
mass,  which  having  been  dug  out  and  moulded  into  bricks,  is  dried  in  open  air. 
At  Bheims  the  first  wash-water  of  the  wool  is  used  for  making  botli  gas  and  potash, 
because  the  water  contains  no  soap  and  only  suintate  of  potash  (see  p.  132). 
Havrez,  at  Verviers,  has  recently  proposed  to  employ  suint,  which,  by-the-bye,  is 
Tery  rich  in  nitrogen,  for  the  purpose  of  making  ferrocyanide  of  potassium. 

The  dried  brick-shaped  lumps  are  submitted  to  distillation,  yielding  a  gas  wliich 
does  not  require  purification,  and  which  possesses  an  illuminating  power  three  times 
that  of  good  coal-gas.  The  wash-water  of  a  wool  spinning-mill  with  20,000  spindles 
yields  daily,  when  treated  as  described,  about  500  kilos,  of  dried  suinter,  as  the  sub- 
stance is  technically  termed,  i  kilo,  of  this  substance  yields  210  litres  of  gas. 
Annually  about  150,000  kilos,  of  suinter  are  obtained,  and  this  quantity  will  yield 
31,500,000  litres  =1,112,485  cubic  feet  of  gas.  Every  burner  consuming  35  litres 
of  gas  per  hour,  and  taking  the  time  of  burning  at  1200  hours,  the  quantity  of  gas 
will  suffice  for  750  burners,  and  as  a  spinning-mill  of  20,000  spindles  only  requires 
500  burners,  tliere  is  an  excess  of  gas  supply  available  for  250  other  burners,  or  the 
owner  may  dispose  of  5000  kilos,  of  suinter,  which  is  valued  at  Augsburg  at  about 
38.  per  50  kilos.,  and  at  about  4s.  at  Mulliouse. 
Om  from  Petroleum      YI.  The  so-callcd  posidouiau  schist  of  the  lias  formation,  met 

OU,  or  Oil  £miu  * 

Bitnminoiu  lUuihri.  ^itli  near  Reutlingen.  in  Wiirtemberg,  yields  by  dry  distillation 
about  3  per  cent  of  tar,  which  on  being  submitted  to  distillation,  yields  an  oil 
which  cannot  be  burned  in  lamps  owing  to  its  containing  sulphur ;  but  the  oil  is  an 
excellent  material  for  gas  manufacture.  According  to  Haas,  i  cwt.  (50  kilos.)  of  the 
oil,  valued  at  i6s.,  yields  1300  English  cubic  feet  of  gas,  so  that  1000  cubic  feet 
inclusive  of  fuel  (t',  klafter  of  wood ;  the  klafter  is  a  cubic  measure  by  wliich  wood 
is  sold,  and  is  =108  cubic  feet)  and  labour  cost  i6s.,  a  low  price  considering  the  liigh 
illnminatiiig  power  of  the  gas.  The  gas,  according  to  W.  Reissig's  researches  (1862) 
was  found  to  consist  of:— 
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Heavy  hydrocarbons       25*30 

Marsh-gas 6480 

Carbonic  oxide 665 

Hydrogen 3*05 

Carbonic  acid    0*20 

Oxygen  and  nitrogen      ...  traces 

lOO'OO 

According  to  experiments  made  at  Stnttgart,  the  illuminating  power  of  this  gMii 
3*5  to  3*5  times  that  of  coal-gas. 

petniemn-OM.  In  America  and  on  the  Continent  of  Europe  petroleum  is  now  used 
for  the  purpose  of  gas-making,  being  eillier  converted  into  gas  or  used  to  carbonte 
water-gas. 

According  to  the  method  of  Thompson  and  Hind  (1862)  the  petroleum  is  converwd 
into  gas  by  causing  it  to  i>a8S  through  a  red-hot  retort,  which,  in  order  to  incr^tse 
the  contact  surface,  is  filled  with  lumps  of  fire-brick  or  is  fitted  with  a  series  of  tny- 
like  iron  plates,  and  the  gas  so  obtained  mixed  witli  that  made  by  passing  steiio  orer 
red-hot  charcoal.  The  crude  gaseous  mixture  is  washed  by  causing  it  to  babble 
through  hydrochloric  acid  and  tlicn  through  a  scries  of  purifying  apparatus,  10  thtt 
the  gas  collected  in  the  gasholder  is  devoid  of  smell.  The  arrangement  of  the 
retort  used  in  tliis  process  is  the  following : — The  retort  is  placed  horizontally:  to  tbe 
lid  is  fitted  a  hollow  cj'lindor  which  is  filled  with  coke  or  charcoal.  In  the  spwe 
between  this  cylinder  and  the  sides  of  the  retort  is  placed  a  serpentine  iron  pitle. 
Through  the  lid  of  the  retort  two  tubes  are  v^arricd ;  one  of  these,  commiimcaiin« 
with  the  serpentine  iron  plate,  is  destined  for  the  introduction  of  Uic  i)etrolfDm  .iL 
while  tlic  other  is  used  for  passing  in  the  steam,  and  communicates  with  tlie  cylindrr 
filled  with  coke  or  charcoal.  At  the  other  end  of  the  retort  a  tube  is  fiiteJfjf 
carrying  the  gas  to  the  purilier.  When  the  petroleum  is  converted  into  gas  wi:L  ct 
water-gas,  i  cwt.  of  iVunsylvanian  oil  yields  1590  cubic  feet  of  gas,  which,  whefl 
purilied,  consists,  according  to  Bollev,  of: — 

I.  n. 

Heavy  hydrocarbons       3 16  ZS'-\^ 

Light  hydrocarbons        457  40c 

Hydrogen 327  260 

1000  1000 

II.  Ilirzcll  prepares  gas  from  the  residues  of  the  refining  of  petroleum,  which  in 
less  volatile,  as  well  as  from  petroleum  itself.  Ilirzel's  apparatus,  already  lar.'elT 
used  in  Germany,  Austria,  Ilussia,  and  eLjewhere,  is  especially  adapted  for  ihe 
purpose  of  making  gas  for  railway-stations,  barracks,  factories,  hotels,  and  ist'httJ 
country-  scats ;  its  mode  of  action  will  be  readily  understood  with  tlie  aid  of  Ti^.  j«x>. 
D  is  a  wrought-iron  vessel  containing  petroleum  or  the  residues  of  the  relinin:. 
This  vessel  is  litted  with  a  suction-  and  force-pump,  e,  tlie  piston  of  which  can  he 
filled  with  petroleum  by  winding  up  the  clockwork  with  which  it  is  connected.  As 
soon  as  the  retort  is  red-hot,  weights  are  put  on  the  piston,  after  whicli  tlie  pendulcD 
of  the  clockwork  is  set  in  motion  and  the  rope  unreeled,  allowing  the  piston  to  aini 
slowly  into  the  pnnip-body,  thus  forcing  the  petroleum  tlirough  t  unifumily  into  lirf 
retort  a.     The  petroleum  is  converted  into  gas.  and  this  is  carried  through  the  tubt  i 
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ttto  the  T^fi^Wrr,  b>  and  thenoe 
brougblheeoiid^inser.c.  which  \a 
Bll*>d  with   pieces  of  brick,   into 
gas-holder*    In  d  tU«  pip€  dips 
Elder  the  surface  of  the  petro- 
leum, 80  thftt  H  hydraulio  valve 
provided,  preveiitini?  the   gas 
i>na  returuiiig  to  the  retort.     In 
>rdt!r    to    ke^p    tins   column    of 
petroleum   at  the    same   height, 
ere  is  fitted  to  e  the  U-slmped 
iibe  <",  by  means  of  whinh  any 
Fijperduoui?  oil  tJiiteriiig  e  is  run 
»6r  iiito    a   pail.      Tini    tube    h, 
Ittcd   to  the   gas'tube  <!,  i^,    ]'V 
Deatia  of  a  pipe,  Cfjuuecled  \\\\l\ 
water- pressure  gAii^e,   by  the 
id  of  which  tJie  pressure  in  ^^  ■ 
etort  during  tho  opt^ratiou 

a.3Ct^rUtiu«d  ;     this    prt:s>urtj 

^mounLs  u^uiilly  to  8  to  12  eeiitimjj. 

[  wttlcr.     'Hhii  Ud,  <?»  of  the  cou- 

BOser,  c»  is  k*<pt  gjis  light  by  tli© 

iin  dipping  iu  water  poured  into 

I  una uliir  splice.    The  working 

»r  tiiij^  apparatus  is  very  simpk*. 

rUo  elock-muliun  i:^  muintuined 

Sfur   till  hour,   and   iu   tliat  time 

Itbout  200  cubic  feet  of  yus  are 

niidc.     If   by    any   eliiiuco    tlie 

Eibes  are  choked,  tiie  mauouieter 

dl  indicate  tlie  accident.    When 

re^^ihir    use     tlie    appnnitUB 

iiould  he  cleaned  once  in  five  or 

iiL  weeks,  and  after  evtrv'  twelve 

ItliiStilliitions  the  retort  sliuuld  ho 

|}€ued    aud   the   crust    of    coke 

ked  oflf  witJi  a  sharp  iron  bur. 

Pct;-olcum-gas  is   tlie    beat   that 

pan  be  made,  and  it  hii6  the  ad- 

fVM.Mt»i;^e  til  at  even   titnler  strong 

pr«;s;:jure  nud  inteutie  cold  it  doi^ 

t^Ot    depi»sit    tarry    nitttter,    nor 

DCS  it  lose  any  of  iUs    ilhuui- 

iiiig  power.  It  is  absolutely  free 

roni    ammoniucul    and   sulphur 

:>mpouiids    and    from    carlnmic 

[ftcid.     The  ap.  gr.  of  petrokura- 
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gas  is  0-69,  and  it  consists  chiefly  of  acetylen  {CjH^),    It  is  bui^t  from  ban>jj 

'  ivhioli  consume  p*^r  hour  only  one -quarter  of  8  <?ubic  foat  to  a  mRximum  oi  t  cillfl 

feet.     200  cubic  feet  of  this  gas  are  equivalent  to  1000  cubic  feet  of  coikl-gjiis.     At  tffl 

suggestion  of  L/Raindohr  u866},  tlie  sodium  earbolate  (creosote   soda),  wludiB 

obtained  in  large  quantities  ia  the  parafl^  and  mineral-oil  works,  is  used  fotgj 

making  under  tlie  name  of  creosotti-gajg.  ™ 

I     Bcain-Otta.       ¥11.  Wlieu  the  aubstance  known  as  Venice  turpentine,  a  tQixlure  of  oil 

of  turpentine  aud  rebinous  matter,  is  submitted   to  distillation  witlt  ^rttl#»r.  tfaoi 

remains  colophoniuTn,  or  commonly  resin,  which  essentially  consist*  of  wrlvic  cai 

pinic    Rcids.    these  being    isomeric  and  corresponding  to  the  formula   C-oHjJ^I 

Before  the  late  American  war  eolophoniura  was  iini>orted  in  very  larg«  quatttity  i^| 

Europe,  and  was  u^ed  in  England  as  well  as  on  tlie  Coatment  for  the  purpose  of  ^| 

roanufuetnre.  ^| 

When  decomposed  under  the  influence  of  heat  colophonium  yields  an  oiljri^H 

so-called  resin  oil.  which,  when  submitted  to  red-heat,  is  converted  ioto  ga«.    ^^| 

Qil  is  \^vy  complex,  and  contains  bodies  which  are  volatilised  below  red-beatt^^l 

incouvenience  in  gas-making,  because  tl4ese  compounds  as  soon  as  formed  b#M^| 

volatilised  instead  of  being  converted  into  gas.     Conaequently  it  is  necessary  la  |l^l 

tlie  first  products  of  the  decomposition  through  several  retorts  in  order  to  omfist 

them  complftely  into  gas,  thereby  complicating  the  apparatus  and  increEasing  tlir  oo^ 

of  fuel.     Another  difficulty  in  the  making  of  resin-gas  is  occasioned  by  the  (met  tint 

colopbonium  is  a  solid  substance  which,  in  order  to  be  fitted  for  gas-making. ^^^^ 

supply  the  retort^s  uniformly  and  conHtautly,  has  to  be  llri^t  liqnelied.     This  B^^^| 

in  some  instances  effected  by  dissolving  the  resin  cither  in  oil  of  tnrptijtin©  6i^H 

resin  oil,  while  in  other  instunecs  tlje  resin  has  been  first  molten,  and  tlicn  aia«4^| 

flow  into  the  retorts  tilled  with  coko  or  lumps  of  fire-brick  to  iuci'ease  Uii!  Mtl^l 

The  hot  giis  from  tlte  retorts  is  washed  with  cold  water  in  order  to  free  the  |pit(  MR 

any  adhering  resin  oil.     It  ia  next  purihed  from  tlie  carbonic  acid  it  contmins  timis 

average  about  8  per  cent^  by  passing  it  through  a  solution  of  caustic  soda      looIW^ 

of  resin  ^dcld  about   1300  English  cubic   UH  of  gas,  a  quantity  wiiirdi  is  gnmS^ 

increased   wlien  the  White  Fran kland    hydrocarbon    process   is   etnplnycd,     TUis 

process,  however,  is  obsolete  in  consequence  of  the  "vetj  fluctnating  suppljrof  rwft 

since  the  last  American  war  and  the  greatly  increasetl  price  of  that  aiiide 

The  limelight,  Tessi^  du  Motay's  oxyhydro^'en  lights  tlie  nmgne^ium  li^ht«  mnd  Hil 
electric  light  liav^  to  be  considered  as  appendices  to  tlie  iUiuninating  tknA  artiSdiI 
light  producing'  innterials. 

t4io»'Lit(ikt      WJien  a  mixture  of  two  volumes  of  hydrogen  and  one  volnroe  ol  aiyMy 

is  ignite<l,  each  gas  being  suppUed  from  a  separate  gas-holder,  we  obtain  wlia^H 

known  as  the  oxyhydrogt-n  blowpipe,  the  heat  evolved    being  8nflid«it    lo  mH 

platinum.     The  flume  of  tliis  mixture  is  not  luminous,  but  if  it  is  mad<»  leiiopim 

against  a  piece  of  quicklime,  the  latter  being  rendered  intensely  white  !iot,  moBa^^ 

light  of  very  great  intensity.     For  the  gruertil  purposes  ol  artificial  Ulnnitnatkrtl  ^^ 

lime-hglit  is  not  suiinble.   arii^ing  partly  from  the  higli  price  uf  oxygrn;   h«  t  ^^ 

scientific  purposes  and  for  signalsj  tlie  lxme-hght»  also  known  as  the  Driimmotid*^| 

si d«!ral  light,  is  very  manageoble.     Acconling  to  the  **  Journid  of  Gas  J^igbtil^| 

^11^691  the  authorities  of  the  British  War  Department  have  arranged  to  use  tli©  lil^| 

H^wbt  in  military   barracks  and  cavahy   stflblea,   having    instituted    a    seri«i  H 

^■|3?erimcn1:a  in  the  yard  of  the  Queen's  Barracks.     The  illnminating  appontus  iw 
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reflecting  mirror  were  placed  on  a  temporarily -erected  wooden  frame- work,  18  feet 
Ixigli.  and  when  tJie  lime  was  igniled  the  yard  was  li^'lifed  tip  so  stronglyi  that  at 
too  yards  distance  from  the  light  Lhe  smallest  type  could  be  read.  A  smaller  light 
surrounded  by  a  glass  gkihe  was  tried,  and  foinul  lo  be  bo  eftlcient.  that  ni  30  yards 
distance  from  the  li^dit  a  pin  could  be  distinguished  lyin;:?  on  the  pf<vt'iiKiit.  The 
ght-apparatns  tried  in  one  of  the  barrack-rooms  was  still  smaller,  but  lighted  the 
very  brilliantly, 

r'otaSSiu*!!^'""'*       ^^^  some  years  Tcssifi  du  Motay's  mr^thod  of  illumination  has 

n  often  before  the  puldic.     Dyring  the  hitter  pwrt  of  1871  and  the  earlier  months 

f  this  year,  this  method  has  made  considerahlti  pmgri'ss  in  improvenient.  and  is 

\kSfid  in  some  parts  of  Paris  and  Vienna,  and  has  btjen  tried  at  tlie  Cryatid  J*nluct\ 

The  gas-mixtnre  used  is  either  water-gas — a   mixture  of  hy<lrogen  and   carbonic 

oxide — or  hydrogen  only,  or  ako  coal-gaa,  burnt  with  a  regulated  supply  of  oxygen 

lead  of  air.     Tlie  oxygen  ia  obtained  by  the  decomposition  of  the  vapours  of 

!ulph uiie.  acid  or  from  manganate  of  sodium,  or  by  the  decomposition  of  oxychJoride 

I  copper.    The  flame  of  the  oxyhytlrogcm  gas  is  made  to  play  ftgainst  a  small 

cyiiiidricnl  piece  of  magnesia  or  zirconia ;  but  mure  recently  liSogJ  Tessie  du  Muluy 

;tiaa  somewhat  altered  his  metJiod,  by  causing  the  oxygen  to  become  saturRted  with 

solution  of  nnphthaline  in  petroleum*     It  appears  that  tlie  latest  and  mobt  practi- 

Uy  available  method  ia  the  feeding  of  good  coal-gaa  witli  oxygen,  a  very  excelleiit 

iiglii  being  produc<?d, 

Mr,  CrtHiketi  has  fuuiid  a  supply  of  good  coal  gaa  best  adapted  to  the  oxy  hydrogen 
Mtnt,  the  oxvgeii  bHug  Bupplied  from  a  burner  quite  separattj  from  tbn  hydrogtii  biiruer, 
tid  hnving  a  broad  slit  from  which  the  gtis  issues,  TIju  oiygeu  should  be  auj»i)Ued  at  a 
ead^  but  full  pressure.  The  material  upon  which  the  flame  impingoii  mity,  with  ad  van- 
age,  he  of  duiumite.  Under  ihejse  conditious,  Mr.  Crookes  has  lilways  found  the  hnje- 
ight  to  wurk  satiKfactorDy.     The  dolomite  does  not  crack  iior  Bpliuter«  as  is  the  riisi^  with 

auick^liuie  or  magnesia.     There  are  alao  the  adTintagca  in  employing  sL^paratc  burners,  of 
ecreased  expense  of  appyrratus^  and  of  perfect  safety. 

MM.  I»eville  aud  Creriiez  prcjpoBed  w>me  time  fduce  to  make  a  eeries  of  experiments  to 
aacertaixi,  in  a  chaiuher  coiiiaining  cumpressed  air,  whether  the  tension  of  «team  (which  is 
id  to  be  eomplem*»iitf»r>'  t«  the  tension  of  dissociation)  in  the  flame  of  the  oxy hydrogen 
iwpipo  is  augmented  by  exterior  preKsure^  and  if  the  aogmeutatiou  CKtc'uds  to  the  tem- 
peraturfi  of  the  flame.  In  a  cylindrieol  chamber  of  forty  metres  conteuts,  and  tlie  sides 
of  which  have  been  proved  to  eleven  atmonplieres,  ia  arranged  the  nect^ssajy  apparatus. 
"The  operntoTa  enter  the  cylindyr^  aitd  the  air  is  compressed  by  mtan^  of  a  Httam-pmnp, 
when  the  t'xpenmeiitf»  are  proetLiled  with  as  in  the  open  air.  The  ciuleavour  has  at  pre- 
gent  be4in  confined  to  aaeertainiug  the  cunditionof  various  Fubstaneee  at  the  muuitiit  they 
combine  in  homogeneous  flames,  and  the  rcfsulting  tempcratareB,  The  humogenoous 
:flame  employed  is  that  of  f^aj  Uinie  oxide  and  oxygen,  With  this  flume  and  a  pressuxe  of 
J '7  atmoispheres  platinum  melts,  flying  off  in^  sparks  with  a  facility  it  never  exliibits 
in  air ;  it  meit«  in  those  portions  of  the  flame  which  in  the  air  would  ouly  heat  it  to  red- 
liesa.  We  mn&t  then  deduce  that  the  tcmpcrjiture  of  thefce  fliimes  au^onentR  ivith 
iLe  pressure  they  support,  and,  eou6equ<_'iitly,  the  quantitio«  of  matter  which  combine 
mre  greater,  and  the  diiisuciution  diminhJicd.  Dr.  Fiankland  has  iihown  that  the 
linllianey  of  the  flame  of  hytlrogen  gas  increases  considerably  with  thepreiKure,  so  that 
$rith  a  pressure  of  twenty  atmospheres  it  surjiasfiea  that  of  a  normal  candle.  Sluiilariy 
when  a  mixture  of  oxygen  and  hydrogen  is  ignited  in  an  eudiometer  the  flume  is  intense, 
while  in  open  air  it  is  scarcely  visible.  M,  l>eville  thinks  that  if  the  quantity  of  heiil 
discn^iagcd  by  a  subfrtanc*^  burning  with  hrUhimcy  be  mtusured,  thr  ^  't  -  mid  not  be 
the  fume  nj  opcrutiug  with  an   opaque  calorimeter  as  with  oue  win  is  the  li^ht 

And  chemical  rays*     This  remark  when  worked  out  will  probably  pi'  i  Us  of  tech- 

icai  interest. 

irtgnMauaLigbt.  The  very  intense  light  which  is  produced  by  tlie  burning  of  magne- 
fium  (see  p.  114)  has  been  of  late  frequently  employed  for  photogniphing  purposes, 
Ha^iesitim  lamps — as  exMbited  in  1S67  at  the  International  Exhibition,  at  PELxig— 
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iSUng  to  "Whicb  niipiiratns  in  use  for  technical  or  Bigiiallmg  pnr,  nst  be  sub* 

itted.     The  tikctric  luiu|>  devised  by  Mr.  Browning  is  simple  in  -  n,  but  even 

I  requires  mure  uttcntiuu  tbim  ooold  be  bestowed  upon  tUe  eouiu^     :  ..^i--  i-ot  geaur&l 

The  purity  of  the   carbon  points  boa   mmclx   to  do  with  the  int^tifiity  of  the  light 

itted  by  battmef^  o!  thu  f^unie  strength;  whUa  their  distance  fri>m  each  uthor  ie  also  ol 

DtiaeQUCtico,     50  or  60  liuntieu'g  c>lcmeut&  will  yield  a,  h^ht  equal  to  tbtit  of  400  to  100a 

eariiie  candlej^,  aocordin;;*  to  the  purity  o(  the  carbon  points*     Tuking  the  sunlight  at 

tioou  on  an  August  day  to  be  represented  by  1000,  Foucnult  and  1 1/^  uu  huvo  found  the 

icfll   power  of  the   light  obtiuned*  tinder   the   best  condition>,    Ui>\n   46   lJunb<JU*a 

b,  exprth.sed  by  tlio  number  335,     Deeprets  states  that  the  Uk'i^t   Iroin  100   Bunsen 

__  Bents  producer  much  LUscouafort  to  tho  eyes,  while  that  from  6uo  eU^meuts,  uTen  at  a 

^Aooe,  ii4   fiuJBtiently   intinse  to   cause   considerable  lujiiry.     But  the  duration  of  the 

^eotric  li^jht  a^  obtained  from  batterj*  power  is  not  continuous.     Whether  from  pohirisft' 

t  in  the  battery  or  frum  many  other  eauscB,  the  light  Bometimes  fuiU  for  hovvrnl  con- 

]ive  minuter.     It  b(  eomt'H  thou  nocttsjLry  to  have  recourse  to  fiunie  source  of  eteo> 

^ty  in   which  ihvtH'  objeotions  are  eliminated.     To  a  ^reat  extent  thii*   is  the  case 

ith  ma|?ne  to -electricity.      The  light  from  Messrs.   Wildo'n  large  machine  i«  thv   mo^t 

l|>owerfal  artificial  light  which  has  erer  been  produced,  giving  about  eight  times  thi«  light 

iof  former  ma  j^o  to  doc  trie  mnchiues.     Like  most  praoiical  application^  nf  Bcii^nce,  the 

llmportaut  rehidts  whieh  Mr.  Wilde  has  obtained  depend  moro  ugion  an  lu^f^uiou^  eombi. 

atioii  (if  BCVfTi^  I  .    ..,.  f i  10 ts,  united  with  con«iderablo  engineering  ^ki II     '         ■   ^n  any 

ll'^ally  new  aii<l  covery.     The  principle  of  the  machine  can  b.  i  in  a 

flew  words.     It  !  i  i  the  applicAtiou  of  a  current  from  an  electro-mn  "bine, 

fled  with  pernnitient  maguetd^  for  the  purpose  of  exciting  a  powt^rful  eieetro-iuHgnet; 

Jkbis  elt^tro-uiflgnet  being  now  used  as  the  basis  of  a  still  larger  electro-magnetic  machine, 

'  the  purpose  of  having  induction  currenta  generated  by  its  agency.     lu  other  words,  by 

(weil-luiowu  means,  an  eleetnc  current  can  be  obtained  by  the  rotation  of  an  anmitore 

to  the  poles  of  a  magnet.     If  this  electric  current  be  poaged  round  an   electro- 

det,  it  may  be  made  to  prodoee  a  far  greater  anumnt  of   magnttihui    than  waa 

msmed  by  the  Hrst  magnet.     There  is  no  difiionlty,  therefore,  in  cumprehcndiug  huw, 

by  the  lutTU  iijteri)ofiition  of  a  rotating  armature,  and  the  expenditure  of  force,  a  Hmall 

l^nd  weak  magnot  inuy  be  made  to  actuate  a  very  powerful  magnet,     iiut  as  the  ]>ower  of 

Tthe  magnet  increaHts,  t?o  does  the  power  increaee  of  the  electric  ourrunt  which   may 

I  be  generated  by  induction  in  an  armature  rotating  between  its  pole^t.     We  have,  therefore, 

iMily  to  pa«s  thiti  No.  2  induced  current  from  No.  2  magnet  round  a  t*till  Inr '  ■  »    . '•■^t, 

"~Jlo.  j;  and  by  rotating  an  armature  between  its  poles,  \so  can  get  a  still  m-i 

Eetirrcnt,  No.  5,     Theoretically  there  is  no  limit  to  this  plan — it  in  a  Hpecicji  of  1  1  ; 

I  ftnd  when  it  is  considered  that  each  oonYergion  from  magnet  No.  i  to  magnet  No.  2,  tka^^  or 

Ifrom  induced  current  No.  i  to  indooed  current  No.  2,  dkc,  multipliey  the  power  very  many 

rtimee,  it  wUl  not  be  surprbiiijg  that  after  three  involutiona  the  induced  current  possesses 

|ijmeli  magniliceut  powers.* 

Some  erroue*iu«  opinions  are  pretty  genexally  entertained  as  to  the  actnal  discovery 
["idaimed  by  Mr.  Wilde,  and  the  splentlour  of  the  result,  for  achieving  which  he  deserves 
'  the  very  high cht  credit^  is  liable  to  cause  earlier  investigators  in  the  field  to  be  overlooked; 
[this  would  be  most  unfair,  for  it  is  through  their  inHtrumontnlity  that  the  way  haa 
^  been  paved  for  the  success  now  achieved.  In  1838,  Abbes  Moigno  and  Kaillard  jiroved 
by  taking  an  electro-magnetio  machine,  the  original  magnet  of  which  would  «up- 
only  a  few  grammes,  and  passing  the  electric  current  generated  by  it  round  a 
electro-magnet,  the  latter  could  be  made  to  support  a  weight  of  600  kilogrms.  The 
'  Abbes  carried  the  multiplication  of  power  only  ao  far  aa  to  obtain  the  more  powerful 
magnet,  No.  2,  from  the  weak  magnet,  No.  r. 

With  the  three  armatures  of  Mr.  Wilde's  machine  driven  at  a  uniform  velocity  of  1500 
'  revolutions  i»er  minute,  an  amount  of  magnetic  force  is  developoil  in  the  large  electro- 
oet  far  exceeding  anythiug  which  has  hitherto  been  produced,  accompanic-vl  by  the 
lution  of  an  amount  of  dynamif  elttctricity^  from  the  quantity  armature  so  enormous 
;  to  melt  piecen  of  cylimlrical  iron  rod  hfteen  inches  in  length  and  fully  one  quarter  of 
an  inch  in  diamett^r.  With  this  armature  in,  the  physiological  effects  of  the  current  can 
be  borne  without  incoiivenieQce.  AYhen  the  intensity  armature  was  placed  in  the  7. inch 
magnet  cylinder,  the  electricity  melted  7  feet  of  No.  16  iron  wire,  and  made  a  length  of 
ai  feet  of  the  same  wire  red-hot.  The  illuminating  power  of  the  onrrent  from  this  arma- 
ture was  of  the  most  splendid  description.     When  an  electric  lamp,  itimished  with  rods 


•  See  "A  New  Era  in  lUumination,"  by  W.  Crookes,  F.R.S.; 
it"  October,  ili66. 
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of  gas  efti'bon  half  an  inch   square^  was  pkcpd  on    the   top    of  a   lof*-    ^ "  ■  ^^ng, 
light  evolved  from  it  was  Huflicieiit  to  cafit  the  .shadows  of  th«  flames  if  U 

fk  qoftrter  of  a  mile  distrtiit   xipoiii   the   neighbouring  wall^.      Wht^n    \i- 
difitance,  the  rays  prooe^'ding  fxum  the  rejector  have  fill  the  rich  effulgeiice  of  Eunfili 
With  the  reflector  remoTcd  from  the  lump,  the  bfire  hght  is  estimated  to  have  i 
e<inal  to  4000  wnx  candles.     A  pieee  of  ordinary  scnsiti^ied  paper,  «uch  &»  is 
photographic  printing,  when  expopjod  to  the  action  of  the  hght  for  twenty  ! 

distonee  of  2  ft'fjt  from  the  reflfttor,  was  darkened  to  the  stiir       ' 

Game  sheet  of  paper  was  when  exjwBed  for  a  period  of  one  1 

the  sun  at  noou  on  a  very  ilear  day  in  the  month  of  March.     I    /  iJj 

fire  with  0,  buruing-glasH  introduced  in  the  path  of  the  rays  from  the  tv tieclor. 

It  will  be  of  iaterestt  apart  from  all  questions  as  to  economical  production,  to  asffrtii^ 
vhat  is  the  theoretieal  quantity  of  coal  required  to  be   confiTun*'d    111    th- 
of  thiB  Mnotmt  of  electric  force,     Mr.  Wilde  says  that  a  y-horse  eiiR^iiie  i- 
drive  the  machine.     One  horsepower  is  equal  to  1,980,000  foot]'     ■  ^     - 
multiplied, by  seven  is    13,860,000  foot-pounds  per  hour,   wlijc). 
the   iiclual  power  required    to  drive  the   machine,      Now,  by  uv\ 
Fahrenheit  units  of  heat  produced  by  the  combustion  of  one  pomjdVii  cwni  by  Jm 
equivalent,  772  foot-pounds,  the  result  will  be  the  total  heat  of  oomhuetioti  fxpr 
foot-pounds.     In  the  bcht  coal  this  is  as  lugh  aa  12,000,000  foci 
therefore,  at  the  conclusion  that,  to  overcome  the  friction  of  the 
machine ;    to   whirl   a    mass   of  metal,    weighing   several  hundr^L 
B  velocity  of  1500  revolutionft  per  miuute  ;  to  generate  a  current  <■!  far  i 

passing  anything  before  produced  ;   and,  after  aD owing  for  the  veti--  m 

^age  through  the  conducting  wires  and  electric  lamp,  to  cause  it  tobhtz^e  ioi  ih  ^  tib  jui  t 
eity  of  light  paling  the  raya  of  the  sun ;   to  keep  up  this  intense  devolopmcni  of  «*MfU 
for  one  hour — requires  an  expenditure  of  force  represented  by  the  comhu 
184  ozs.  of  coal.     This  is  the  theoretical  eakulatiou;  but  if  reduced  to  u 
reffnlts  are  scarcely  less  aBtoni«ihing.     The  rjlcitncif  of  an  engin«\  '  - 
work  actually  performed  to  the  mechanical  equivalent  of  the  he 
extreme  cases  between  the  limits  0*02  and  0*2.     Taking  an  average  •  1 
tenth,  we  find  that  the  ordinary'  consumption  of  coal  required  to  uuik  w 
engine,  midway  between  excessive  wastefolncss  on  the  one  hund,    an*\ 
on  the  other,  ia  10  x  18J  ouncefl,  or  iij  lbs,  of  coal  per  hour,  v       ' 
This  iRj  of  course,  only  one  item  in  the  cost — to  it  must  b«  ti- 
rods  for  the  lamp,  which  will  be  about  ten  inches  per  hour,  .. 
there  must  also  be  added  interest  of  the  cost  of  purchase  of  unu'hi 
tenanoe   and  repairs,  which   will   perhaps  bring    up    the  totiil   * 
fiiipence  or  eightpenco.     Comparing  this  with  the  hourly  expense  <l4  i 
already  in  existence,  w^e  find,  according  to  the  Abb^  Moigno,  that  the 
costs  altogether  sixpence  per  hour  for  a  light  equal  to  900  wax  candles; 
working  expenses  of  inftiutaining  the  electric  Hght  at  Cape  La  Hive,  •  no^i 

twenty-seven   months  have  been,  exclusive  of  salaries,   about   one    bi  ^i«fl: 

or  incltjsive  of  salaries,  two  ehillinge.    According  to  a  calculation  n> 
liolgno  respecting  the  economy  of  the  light  evolved  by  the  French  mn' 
that  to  maintain  a  Hght  equal  to  4000  wax  candles  for  one  hour  would  tv 
£1  2e.  6d, ;  with  colza  oil,  £1  7s,  ■  and  with  the  electricity  produced  by  a  1: 
£t  159.  6d,     The  annual  expenditure  at  a  fir«t-clas€  lighthouse  on  tb       '  '    - 
average,  £400  per  annum ;  and  on  the  assumption  that  the  light  \\\> 
annum,  that   wonld  cume   to  two   shilliugs  per  hour.     The  exp- 
the  electric  syslera  are  therefore  not  very  dissimilar ;  and  the  problem  of  the  adoj 
of  electricity  to  supersede  oil  must  be  decided  on  grounds  of  convenience  and  effic 
alone. 

One  canso  of  inconstancy  in  the  electric  lamp  which  hinders  the  adapts tion  to  thij 
poses  of  lighthouse  illumination  is  the  unequal  consumption  of  ^*  -  -— ^    r 
experiments  recently  conducted  for  the    Trinity  Honse,  Mi. 
employment  of  a  niodilied  form  of  vticuum-tubo  removes  it 
upon  which  we  cannot  enter  more  fully  her©  isTury  ©xhwigtively  trealtd  iu  hit.  h|(?T«lonil^*' 
recent  work  on  the  illumination  of  lighthouB«B, 

The  foUowing  Table  exhibits  the  comparative  illuminating  power  of  the 
utiheial  lighU : — 
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.  Oonsumption  Intensity  of  light.  Light  obtained     Dluminating 

Id^t-proancmg  per  hour  in       (i  wax  candle      fromiogrma.of      power  (wax 

grms.  ^  "*        -    '^  ^»  -  ^ 


Substance. 


=  loo). 

this  material. 

candles  =  loo). 

I02-00 

1 1 102 

100 

95*50 

9603 

84 

108-30 

123-17 

108 

9025 

101-70 

90 

— 

9469 

83 

— 

13987 

123 

694-00 

17007 

159 

45*67 

6230 

55 

ii4'oi 

ii5'8o 

102 

— 

149-03 

131 

— 

22564 

199 

— 

17440 

180 

— 

I86-OI 

195 

Wax      9*02 

Stearic  acid 9*94 

Spermaceti 887 

Tallow 8  87 

Paraflan(i8t quality)   ...  883 

(2nd    „    )  ...  849 

^  ^Moderator lamp  ...  4069 

^  i  Kitchen  lamp       ...  733 
^  |Ileadinglamp,Avith- 

^  V  out  glass  chimney  9' 86 

Photogen      2002 

Solar  oil       26*82 

Petroleum     1506 

...     ...     ...  8-09 

According  to  Dr.  Frankland's  researches,  the  following  quantities  of  illuminating 
materials  exhibit  equal  illuminating  power : — 

Young's  paraflan  oil  from  Boghead  coal  4*53  litres. 

American  petroleum  (No.  ij 570     „ 

(No.  2j 588     „ 

Parafiin  candles       842  kilos. 

Spermaceti  candles 10*37    » 

Wax  , 11*95    w 

Stcarine  „        ...     •• 12*50    ,, 

Tallow  „        16-30    „ 


Paraffin  and  Solar  or  Petroleum  Oils. 

PftnffinOiis.  Paraffin  was  discovered  in  the  year  .1830  by  Karl  von  Reichenbach 
among  the  products  of  the  dry  distillation  of  beech-wood  tar,  and  has  obtained  its 
name  from  parum,  little,  and  affinis^  related  to,  on  account  of  its  incapability  of 
chemically  uniting  with  other  substances.  Paraffin  is  not  acted  upon  by  alkalies  or 
acids,  nor  is  it  decomposed  at  a  red-heat.  It  was  aften^'ards  found  that  paraffin  is 
also  formed  by  the  dry  distillutiou  of  peat,  brown  coal,  Bogliead,  and  some  cannel 
coals,  but  not  by  the  dry  distillation  of  real  coal.  Paraffin  is  found  native  and  occurs 
in  large  quantities  in: — i.  Petroleum.  Rangoon  and  Persian,  which  sometimes  con- 
tains 6  to  40  per  cent.  2.  In  impure  state,  under  the  names  of  ozokerite,  neft-gil, 
or  mineral  wax.  3.  In  bitumen,  asphalte  as  contained  in  some  schistose  rocks,  and 
as  met  with  at  Trinidad  and  elsewhere. 

Mannfactoro  of  Paraffin.  The  mode  of  obtaining  this  substance  differs  according  to  its 
being  an  educt  or  a  product.  It  is  an  educt  as  obtained  from  petroleum,  ozokerit, 
neft-gil ;  but  a  product  of  the  dry  distillation  of  brown  coal,  peat,  and  the  Boghead 
shale. 
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I,  That  petrolenm  contains  paraffin  waa  known  in  th<>  r<^nt 
when  A,  Bm^liucr  discovered  in  tlie  earth  oil  of  the  T<>gem8ee,  in  Upper  Bi 
solid ♦  frtliy  fiiibst/mce,  which  was  afterwards  ast'ertaiued  by  V,  KobeU  to  bo 
Henoo  Buchuer  is  Incally  considered  to  be  the  discoverer  of  parafiin;  mhUm 
researches  liave  proved  tlmt  tlie  earth  oil  of  Baku,  on  the  O^ian  Se»  :  of 
near  Birma  ;  ami  of  Gabian,  Hcrault,  France ;  contain  Uiis  subs  tan  c<3  to 
less  extent.  The  idea  of  using  these  oils  for  the  induBtrial  preparation  af 
dates  only  from  1856,  when  some  samples  of  petroleum  which  were  found  to 
a  large  quantity  of  paraffin  were  imported  into  Europe.  The  American  piftsxalcani 
contain  only  a  very  small  quantity  of  paraffin :  but  in  lliose  derived  frotu  Bonnl 
and  Ran^'oon,  Gregory,  l>c  la  liue,  and  H,  ^liiller  found  10  per  cent*  BledMl 
investigated  a  sample  of  Java  petroleum  which  coutaiued  40  i>or  rent  of 
Tho  mountain  naphtha  of  Eastern  Galicia  ia  with  great  advantage  employed  fm 
paring  paraffin.  Atxording  to  Jacinsky,  45iOOO  cwts.  of  tliia  material  were  is 
obtained  from  this  naphtha. 

The  Rangoon  oil  obtained  from  Burmah  as  a  native  product  flowing  from  spm^l 
in  the  neighbourhood  of  the  river  Irawadi  is,  according  to  Do  la  IliiPi  fdai 
(1854U  treated  in  Uie  following  manner  for  llie  purpose  of  preparing  pamfit  0I 
hydrocarbon  oils.  The  crude  oil  is  first  put  into  a  still,  which  can  bo  heated  far  fift 
externally  while  gteam  is  admitted  internally.  By  tliis  operation  about  ^5  per  fiOK 
of  a  iiuid  is  obtained,  which  on  being  submitted  to  fractional  distiUati/iti  fiilAl 
hydrocarbon,  the  sp.  gr,  of  which  varies  from  062  to  o'S6,  while  tlie  boj 
varies  from  267''  to  200'.  The  h'ghtest  and  most  volatile  of  these  hyd; 
used  as  an  ana?8thetic»  under  the  nnme  of  Shenaood  oil,  while  the  he*^ 
are  burnt  In  paniffin  himpH.  The  residue  of  thia  first  distillation — about  73  per 
of  the  original  ^ntiutity — is  again  distilled,  but  with  steam  at  150'  to  100" ,  a»l 
products  of  variable  volatility  are  separately  collected.  The  last  portions  of  tlie  ilk* 
tillate  contain  ch)t>fly  paraffin,  which  is  in  crude  state  separated  from  %hm  fiyiH 
by  Uie  application  of  artificial  cold.  The  heavy  oil  is  Used  as  lubricating 
paraffin  ia  purified  as  already  described. 

^*'*?iSi'Nt?t-S'*"^^^*      Paraffin  is  prepared  from  ozokerite  and  neft-gU,  on 
Swatui-Ostrow,  in  the  Caspian    Sea,  about  a  verst   \  =  1066*78  metres) 
peninsula  Ajischeron,  on  the  Caucasian  shore*     The  neft-gil  is  carried  by  si 
Truchnienia*      rixrafiin  is  largely  manufactured  in  Gaiicia  from  the  min* 
which  occurs  near  Brohobicz  and  Boryslaw,  also  on  the  northern  slopes  of  Uu 
patliian  mountains,  and  in  other  parts  of  the  Austrian  Empire,     The  chief  wiirfes 
found  at  Aus&ig,  Florisdoii*.  Ostrau,  Vienna,  New  Pesth,  Temisvar.  4fcc*    Miurntl  itm 
is  also  largely  found  in  Ttxas, 

Neft-gil.  according  to  F.  llossmassUer,  is  treated  in  the  following 
15  cwt-s,  of  the  crude  matenal  is  put  uito  iron  stills  pro vide«l  with  a  leadun  warm* 
submitted  tu  fractional  di&LillaLion,  yiekling  68  per  cent  of  distillate**  con 
8  per  cent  of  oil  and  60  per  cent  of  crude  paraffin.     The  oil  Uius  obtaini'd 
opalescent,  possesses  an  ethereal  odour,  and  a  sp,  gr.  of  075  to  o  8t.     Ea^^h 
tion  yiehls  a  qunntity  of  a  light  oil  boiling  below  ioo%  which  is  used  for  thu 
of  puritvin";  llic  paraffin.     The  crude  paraffin  obtained  by  the  first   il 
tolerably  pure,  has  a  yellow  colour,  and  can  at  once  be  treated  by  the  hv^i 
and  ccnirifngul  machine.     The  oil   from   these   operations   is   again   submiW( 
Iractioual  distillalioa  in  order  to  obtain  more  paraflan.      The  prcssi?d  pi 
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molten  and  treated  at  170'  to  180**  with  sulplmric  acid,  which  is  next  neutralised  by 
means  of  lime,  and  the  paraffin  again  rapidly  distilled ;  then  again  submitted 
to  strong  pressure,  and  the  material  obtained  treated  with  25  per  cent  of  the  light 
oil ;  then  again  molten,  again  pressed,  and  finally  treated  with  steam  for  the  purpose  of 
eliminating  the  last  traces  of  essential  oil.  The  material  obtained  by  tliis  treatment 
18  a  perfectly  pure,  colourless  material,  free  from  smell,  transparent,  and  so  hard  as 
to  exliibit  in  large  blocks  an  almost  metallic  sound.  The  fusion-point  is  63"* 
BoBsmassler  states  that  the  raw  material  yielded  to  him  in  a  week's  time,  after 
a  previous  continued  distillation  of  two  months,  148  J  cwts.  of  paraffin  ready 
for  second  pressure.  The  Galician  ozokerite  yields  by  distillation  only  24  per  cent  of 
paraffin,  and  45  per  cent  of  paraffin  oil,  also  termed  ozokerite  oil. 

panffln  from  Bitamen.  c.  Paraffin  is  made  in  England  from  bitumen,  asphalte,  mineral 
tar,  and  the  bituminous  organic  matter  present  in  certain  shales ;  among  these,  the 
so-called  Kimmeridge  clay.  Boghead  coal,  and  a  few  cannel  coals.  The  asphalte 
occurring  in  Trinidad,  Cuba,  Nicaragua,  Peru,  California,  and  other  countries,  is 
used  for  the  purpose  of  preparing  paraffin  and  paraffin  oils.  Tlie  Cuba  and  Trinidad 
aspbaltes  yield  175  per  cent  paraffin.  The  extensive  deposits  of  bituminous  shale  in 
Himgai-y  are  treated  for  paraffin  and  oil  at  Oravicza.  According  to  Wiinschmann,the 
shale  yields  5  to  6  per  cent  of  paraffin,  49  per  cent  of  oil  suited  for  burning  in  lamps, 
and  6  per  cent  of  lubricating  oil. 

''*'d!^ i5«ti'u!u5?" ^^  The  preparation  of  paraffin  by  the  dr>'  distillation  of  peat, 
brown-coal,  coal-shale,  Boghead  coal,  &c.,  involves  two  openitioiis: — i.  Tlie  prepa- 
ration of  tar.  2.  The  application  of  the  latter  to  the  preparation  of  paraffin  oil 
and  paraffin.  The  coal-tar  of  the  gas-works  does  hot  contain  paraffin,  but  naphtha- 
line and  anthracen. 

PnpAnUonoftheTar.  I.  This  Operation  is  one  of  the  most  important  and  difficult  of 
the  industry,  and  during  tlie  last  fifty  years  many  enterprises  undertaken  for  the 
application  of  fossil  fuel  to  the  preparation  of  illuminating  materials  have  failed 
solely  on  account  of  the  imperfect  preparation  of  the  tar.  The  making  of  the  tar  is 
carried  on  in  retorts  or  in  peculiarly  constructed  ovens,  tlie  distillation  being  in  many 
cases  assisted  by  the  application  of  superheated  steam.  The  principle  of  the  con- 
struction of  the  tar  oven  is  ver}'  simple,  being  tliat  by  a  portion  of  fuel  burning  in  the 
lower  part  of  the  oven,  a  layer,  more  or  less  thick,  of  superincumbent  fuel,  is  sub- 
mitted to  a  slow  carbonisation,  resulting  in  the  production  of  tar,  whicli  flows  down- 
wards, while  the  gaseous  products  are  lost.  In  order  to  prevent  its  violent  combus- 
tion, the  fuel  is  covered  with  a  layer  of  clay.  But  as  experience  has  shown  that  this 
mode  of  distillation  is  not  well  suited  for  the  production  of  tar  intended  to  yield 
paraffin  and  tlie  oils,  it  is  not  general  in  practice  on  tlie  large  scale,  although  it  has 
the  advantage  of  being  a  continuous  and  uninterrupted  process.  According  to 
report,  an  oven  constructed  by  L.  Unger,  the  manager  of  a  paraffin  works  at  D611- 
nitz,  near  Halle,  yields  suitable  products,  while  a  saving  is  efl'ected  in  labour  as  well 
as  in  the  quantity  of  fuel  required  for  the  distillation. 

Horizontal  retorts  are  frequently  used  for  the.  preparation  of  tar.  but  experience 
has  taught  that  if  in  the  construction  of  the  furnaces  containing  tlie  retorts  the 
arrangement  is  similar  to  that  of  a  gas-works  where  four  to  eight  retorts  are  worked 
in  one  furnace,  no  satisfactory  results  can  be  obtained,  one  of  tlie  reasons  being  that 
the  principles  of  gas-  and  of  tar-making  are  entirely  opposed.  It  appears  to  be 
necessary  to  construct  a  furnace  for  eveiy  retort,  and  that  the  furnace  should  ba 
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of  sach  dimenaions  as  to  be  suited  ta  hold  a  retort  lo  feet  long,  50  Indies  wi4««  d 
15  inches  high,  formitig  iu  aoetion  a  shtiUow  oval.  ^lore  recently  there  hmrt  bica 
built  in  Bohemia  and  elsewhere  brickv^'ark  retorts,  shaped  somewhat  like  n  Ittiwd^ 
ovon.  Tltese  Kcem  to  answer  well^  but  nre  dlMeult  to  repnir  Althottgh  of  smuO  SlH 
cost  Vohl  observed  tlint  a  quantity  of  20  to  25  per  cent  of  writer  presttni  in  ifl 
fosdil  material  very  jyfrt'atly  ossista  the  formation  and  increases  the  yivUi  of  I^H 
owing  to  the  supcrheat^^d  steam  formed  from  the  water  dunag  the  di.^t^^^H 
carrying  ott  the  vapours  uf  the  tjir  rapidly  from  the  hot  retort.  Thia  lias  ^n^l^^H 
to  the  construction  of  Liivender  s  tar-prodiiciti^  apparatus,  tiie  principle  of  whteftH 
the  same  as  that  of  Violetti's  wood-charring  apparatus  uded  for  the  preparatiuo  S 
the  nharcoitl  in  gunpowder  manufncture.  Lavender  s  apparatus  con^sts  of  lA  Icfl 
cylinder  provi^lijd  with  holes  at  the  bottom  fi>r  the  purpose  of  admitting  sa^rliestfl 
Bt^*aiu,  w}iil*j  tu  tlii^  tup  of  the  cylinder  a  tube  is  titted  for  carrying  off  the  prtsdnetifl 
the  distillation.  It  would  appeiir  tlmt  L.  Ilanidahr's  method  of  prepiuiiig  tarlroa' 
brown-coHl  Uy  means  of  bteain  yirkls  a  tar  whicli  contains  u  to  24  per  M£^ 
paraffin  and  56  to  3S  per  cent  of  oil.  ^^^H 

vi^ort^*iThc Viv'       '^'***  condensation  of  the  products  of  the  dry  dtstillAtion  i^f^^| 
the  most  important  operations,  and  greatly  inliuences  Uie  yield  of  tur-     ^*^i^^| 
lately  proved  thai  even  when  the  cunatruiitiiin  of  the  reLt»rts  is  not  of  the  htm^t 
average  }*iehl  of  tar  nuiy  ha  obtuined  by  attention  to  the  condensation  of  the  vspoiin. 
The  cuniplrto  condiiii^ation  id'  the  vapours  of  tlie   tar  is  one  of  the  mont  difleoll 
problems  the  paralhii  and  iniuprwl  oil  manufa<jtiirer  hsi^s  to  deal  wiih,  wliile  tUemettl 
usurdly  adopted  for  condensation,  such  as  lai'ge  condensing  surfaces,  mjectloo  of  coU 
water,  and  the  hke,  have  proved  iw-drectual    It  has  often  been  attempted  io  i 
tlie  vapours  of  lur  in  the  same  manner  as  those  of  alcohol,  but  tliere  exist  i 
diilerences  between  Uic  distillation  of  tluids  and  dry  distillation.     In  the  former  < 
the  vapuuni  soon  expid  all  the  air  completely  from  the  still  and  from  thti  conde 
and  provided,  tlierefore.  that — in  reference  to  the  size  of  the  still  and  iniJk  of  ( 
boiling  liquid — the  latter  be  large  and  cool  enough,  every  particle  of  vapour  1 
come  into  contact  with  the  condensing  surfaces.    In  t)ie  procesis  of  dry  dist 
the  case  is  entirely  dilFfirent,  because  with  tlie  vapours,  gay  of  tar.  penanuent  | 
are  always  gcnerat^^d.     On  Ci>njitig  into   contact  with  the  condensing  sm/sceSt] 
portion  of  the  vapours  are  li«|UefiLd»  leaving  a  layer  of  gaa  as  a  coating,  as  it  ^ 
on  tlie  condensing  surface.     Tiie  ga^  being  a  bad  conductor  of  heat,  prert-nts  to  j 
an  extent  the  further  action  of  the  condensing  npparutus,  that  a  large  pr^vpnrtioiil 
tlic  vapours  are  c^irried  on  and  may  be  altogether  lost,     A  sufficient  conflensakuml 
the  vapours  of  (ar  can  he  obtained  only  by  bringing  all  the  particles  of  matter  w|i 
are  carried  t>fi'  from  the  retorts  into  con  tact  with  tlie  condensing  surface,  which  1 
neither  be  very  large  nor  exceedingly  cold,  because  the  latent  heat  of  the  vapod 
of  tar  is  small,  and  coiiseqneutly  a  moderately  low  temperature  will  be  sufficient  . 
condense  these  vapours  to  the  liquid  state.     The  mixture  of  gases  and  vapours 
be  compared  to  an  emulsion,  such  as  milk,  and  as  the  particles  of  butter  mayf 
separated  from  milk  by  churning,  so  the  separation  of  Uie  vapours  of  tar  from  i 
gases  can  be  greatly  assisted  by  tlie  use  of  exhausters  acting  in  the  tnano^rl 
blowing  fons.     It  is  of  the  utmost  importance  in  condensing  the  vapour- 
the  molecules  of  the  vapours  be  kept  in  continuous  motion,  and  thus  m^ 
the  sides  of  the  condenser.     The  cond**nser  should  not  be  constructed  so  that 
^▼WJours  and  gases  can  flow  uninterruptedly  in  one  and  the  same  direclioiL 
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temperature  at  which  the  distillation  is  conducted  greatly  influences  the  yield  of  tar, 
and  consequently  of  the  paraffin  and  oil.  As  regards  the  influence  of  the  shape  of 
the  retorts  and  mode  of  distillation,  H.  Vohl  made  the  undermentioned  comparative 
researches  by  distilling  French  and  Scotch  peat  in  horizontal  retorts  (No.  I.;,  in 
vertical  retorts  ^No.  II.),  and  in  ovens  somewhat  like  coke-ovens  (No.  III.) 
100  parts  of  peat  yield  of  tar, — 

I.  n.  ni. 

Fi'ench  peat 5*59  467  2 69 

Scotch  peat    908  639  416 

The  sp.  gr.  of  the  tar  from  the  difibrent  kinds  of  apparatus  was  as  follows  :— 

I.  n.  ni. 

French  peat 0920  0970  1006 

Scotch  peat  ...  " o*935  0*970  '037 

It  appears  from  these  results  that  horizontal  retorts  yield  the  largest,  and  ovens 
the  smallest,  quantity  of  tar ;  moreover,  the  duration  of  the  operation  of  distilling  is 
shortest  in  horizontal  retorts,  which  also  yield  less  gas,  while  in  the  ovens  both  tar 
and  coke  are  burnt  away  to  a  considerable  extent  by  the  too  great  supply  of  oxygen. 
v»of«tiMofTar.  The  tar  obtained  from  the  retorts  in  distilling  peat,  brown-coal, 
lignite,  bituminous  sliales,  Boghead  coal,  &c.,  at  as  low  a  temperature  as  possible, 
and  hardly  higher  than  dull  red-heat  even  towards  the  end  of  the  operation,  exhibits 
a  coffee-brown  colour,  generally  an  alkaline,  in  some  instances  an  acid,  reaction,  and 
possesses  tlie  very  penetrating  odour  characteristic  of  tar.  By  exposure  to  air  the 
colour  of  the  tar  becomes  deeper,  and  sometimes  even  brownish-black.  This  tar 
often  semi-solidifics  at  a  temperature  of  9"*  to  d"*,  owing  to  the  paraffin  it  contains. 
The  sp.  gr.  varies  from  o  85  to  093,  and  consequently  the  tar  floats  on  water.  The 
so-called  steam-tar,  obtained  by  the  aid  of  superheated  steam  from  brown-coal 
(according  to  Kamdohr's  plan,  1869)  always  has  an  acid  reaction,  and  is  completely 
saponified  by  alkalies ;  this  tar  becomes  solid  at  a  temperature  of  55°  to  60"*,  and  can 
therefore  be  preserved  in  solid  blocks  in  summer  time.    Its  sp.  gr.  is  0875. 

As  regards  the  quantity  of  tar  obtained  from  100  parts  of  raw  material,  the  fol« 
lowing  results  are  most  general : — 


^J 

is 

Tar, 

Sp.gr. 

Crude  paraffin, 
Per  cent. 

Foliated  bituminoi 

shale, 

Siebcngebirge 

20*00 

0880 

0750 

f>                   tf 

Hesse 

25-00 

0880 

1000 

Brown-coal, 

Prussian  Saxony 

700 

0-910 

0500 

tt 

i» 

1000 

0920 

0750 

If 

»» 

6*00 

0-915 

0500 

99 

f» 

5-00 

0910 

0250 

99 

Bohemia 

11*00 

0860 

— 

»» 

Westerwald 

550 

o'9io 

— 

»» 

If 

3-50 

0-910 

— 

l» 

Nassau 

400 

0910 

— 

99 

»i 

300 

0-910 

— 

»» 

Frankfort 

900 

0-890 

— 

Lignite, 

Silesia 

300 

0890 

025 

Shale, 

Vendue 

1400 

0870 

1000 
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Shale, 
Schist. 
Peat, 


Tar. 

Sp.gr. 

Omdd  pmBL 

Percent. 

Westphalia 

500 

0920 

0*050 

Wiirtemburg 

963 

0975 

0*124 

Neumark 

500 

0*910 

0330 

Hanover 

900 

0920 

0330 

Erzgebirge- 

570 

0902 

0350 

»» 

530 

0905 

0-400 

Russia 

•  586 

— 

— 

»» 

700 

— 

— 

Scotland 

3300 

0860 

1—1*4 

i> 

— 

— 

I— 13 

»i 

— 

— 

I  000 

a 

900 

0910 

I— 1-25 

Boghead  coal, 
Cannel  ctnil. 
Peltoniaii  coal, 
Coarse  coal, 

''5iSi°th%S?^*  '^^*^  ^^^^  tJiing  to  be  done  with  the  crude  tar  is  to  8i^pa^tte  the 
water,  which  is  cfl«'<;U»d  by  pumping  the  tar  into  the  dehydrating  apparatus.  Thtat 
apparatus  consist  of  tanks  of  boiler-plate,  placed  within  a  larger  tank,  so  that  a  ^tee 
of  10  centims.  intervenes,  into  which  water  is  poured  and  maintained  by  meut  of 
steam  at  a  temperature  of  60°  to  80**  for  ten  hours.  'After  this  time  the  ammoniiMl 
water  and  otlier  impurities,  together  about  one-third  of  the  bulk  of  the  crude  tir. 
have  become  sepunited.  while  the  small  quantity  of  water  still  adhering  to  the  tv  is 
of  no  conseqnonc*^  in  the  further  operations.  The  tar  is  decanted  by  opening  a  stop- 
cock or  valve  phirorl  near  the  top  of  the  tank,  and  the  ammoniacal  water  is  remored 
by  openinj][  a  st<)p-«'«>rk  at  the  bottom. 

Specitically  \\*^\\  tars  are  of  course  readily  separated  from  the  water,  while  heavy 
tars  are  more  <lilVi  miU  to  deal  with.  If  to  the  ammoniacal  water  of  sueh  tars  salts 
are  added,  for  inst  nx-e.  common  salt,  Glauber  salt,  chloride  of  calcium,  and  the  like, 
the  speeitic  «xravity  of  the  water  is  increased,  and  the  heavy  tar  more  readily  sept- 
rated;  but  acconliii-,'  to  Dullo  these  means  are  either  too  expensive  or  do  not  qaite 
answer  tlie  pnrix^sc  The  complete  separation  of  the  tar  from  the  water  is  of  the 
greatest  importniKv.  Ixrause  in  the  subsequent  distillation  the  presence  of  water  miT 
cause  the  tar  to  l.o-l  over  and  give  rise  to  serious  accidents  by  coming  in  contact 
with  tlie  lire  iiiuli  r  t!)e  stills. 

Distmati<.nofthr.T.r.  This  Operation  is  usually  carried  on  in  cast-iron  stills  large 
enough  to  hoi. I  _..  cwts.  of  tar.  In  order  to  prevent  the  llame  impinging  on  the 
bottom  of  tlie  st  11.  ii  is  protected  by  a  fire-brick  arch.  The  still  is  usually  built  in 
two  separate  pai  t  -  w  liich  are  joined  with  a  flange  and  bolts,  so  that  if  tlie  lower  part 
is  burnt  out,  only  ilmt  requires  to  be  renewed. 

The  helms  of  tln><'  stills  are  rather  flat  and  the  spoilt  very  wide.  Tlie  vapours  of 
tlie  various  oils  li:iv.'  a  high  density  and  low  latent  heat,  so  tliat  these  vapours  have 
a  tendenry  to  condjiise  readily  and  flow  back  into  the  still ;  therefore  the  helm  is 
covered  with  sand  01  ash,  being  bad  conductors  of  heat.  AVhen  the  ti\r  is  thoroughly 
dehydrated,  \\w  d.-i  illation  proceeds  quietly  and  witliout  ebullition  :  but  if  any  water 
be  mixed  witli  or  adheres  to  the  tar,  tlie  liquid  in  the  still  boils  violently  and  is  very 
apt  to  boil  over.  At  bt  low  100"  the  tar  loses  the  very  volatile  sulphide  of  ammonium 
and  the  pyrrlml  Ims*  s,  while  gases  are  evolved  which  ought  to  be  allowed  to  eocajro 
by  a  safety-valve.     The  tiue  distillation  begins  at  ioo%  yielding  at  first  a  distillate 
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insisting  of  very  strong  ammoniacal  liquor  and  some  light  oils.  The  hoiling-poini 
f  the  tar  is  not  constant,  the  oil  coming  over  uninterruptedly  when  tlie  temperature 
as  risen  to  above  200^ ;  then  the  boiling-point  becomes  somewhat  constant,  while 
ith  the  oil  some  water  comes  over,  due  to  the  chemically-combined  water  of  the 
urbolic  acid  being  set  free.  The  distillation  then  again  becomes  somewhat  inter- 
ipted,  and  can  be  maintained  only  by  stronger  firing  of  the  retort.  Tlie  oils  now 
istilling  over  become  solid  on  cooling,  owing  to  the  large  proportion  of  paraffin  they 
sntain.  The  distillation  is  continued  to  dryness,  the  asphalte  left  in  the  still  being 
amoved  after  about  four  or  five  operations,  and  for  this  purpose  the  still  is  some- 
hat  cooled  and  tlie  molten  asphalte  run  off  by  a  tap  at  the  bottom  of  the  still.  If 
le  distillation  is  carried  to  dryness,  some  water  finally  distils  over,  due  to  the 
ecomposition  of  the  organic  matter.  A  still  of  500  litres  capacity  can  be  distilled 
ff  in  twelve  to  fourteen  hours,  if  the  operation  is  pushed  so  far  as  to  decompose 
le  asphalte,  leaving  only  a  carbonaceous  residue ;  but  if  the  asphalte  is  to  be  col- 
)cted.  the  distillation  must  be  stopped  after  eight  to  ten  hours.  The  still  is  sepa- 
ited  from  the  condensing  apparatus  by  a  massive  wall,  through  which  the  spout  of 
le  helm  is  passed  into  the  leaden  worm  serving  as  a  condenser,  and  kept  cool  by 
eing  placed  in  a  wooden  tank  filled  with  cold  water.  But  as  soon  as  the  paraffin 
lagma  begins  to  come  over  the  water  is  allowed  to  become  warm,  in  order  to 
revent  the  paraffin  solidifying  in  the  worm.  The  gases  which  are  evolved  towards 
le  end  of  the  distillation  are  carried  off  by  a  pipe  communicating  with  the  chimney. 
Tx«*to«ntoftoj^ptodact8  xhc  mixed  products  or  raw  oils  obtained  by  the  distillation 
re  poured  into  a  large  cast-iron  cylinder  and  mixed  with  a  solution  of  caustic  soda 
3  as  to  cause  the  latter  to  act  upon,  and  intimately  combine  witli,  the  acid  sub- 
tances  (homologues  of  carbolic  acid) — simply  termed  creosote  in  the  works — and 
yroligneous  acid — which  impart  an  offensive  odour  and  dark  colour  to  the  oils. 
Vhen  the  mixture  of  the  oils  and  caustic  soda  solution  has  been  effected,  the  fluid  is 
on  into  an  iron  tank  and  allowed  to  settle ;  the  creosote-soda  is  then  removed,  and 
le  oil  waslied  with  water  to  eliminate  any  adhering  alkali.  The  crude  oil  is  next 
imilarly  treated  with  sulphuric  acid  for  the  purpose  of  removing  basic  substances, 
'hich  impart  odour  and  colour.  The  quantity  of  acid  to  be  used  and  the  duration 
f  its  action,  aided  sometimes  by  heat,  depend  upon  the  nature  of  the  crude  oil — 
per  cent  of  acid  of  170  sp.  gr.  and  five  minutes  action  are  sometimes  sufficient, 
^hile  in  other  cases  25  per  cent  of  acid  will  be  required,  and  tliree  hours'  contact 
nth  the  oil.  The  action  of  the  sulphuric  acid  should  be  carefully  watched,  as  it  may 
ijure  the  quahty  of  the  oil  by  decomposing  some  of  tlie  lighter  hydrocarbons,  whereby 
olphurous  acid  is  given  off.  The  mixture  of  acid  and  oil  is  allowed  to  settle; 
le  former  is  run  off.  and  the  latter  washed  first  with  water  then  with  very  dilute 
>da  ley,  and  is  finally  poured  into  the  rectifying  stills.  The  solution  of  creosote-soda 
I  neutralised  with  the  sulphuric  acid  from  tlie  preceding  operation,  the  result  being 
lat  crude  carbolic  acid  is  obtained,  which  is  used  for  various  purposes ;  such  as 
npregnating  wooden  railway  sleepers,  as  a  disinfecting  material,  or  for  preparing 
ertain  tar-colours  (see  p.  580).  More  recently  the  creosote-soda  has  been  used  for 
as  manufacture,  leaving  a  coke  containing  soda,  the  soda  being  abstracted  by 
xiviation  ^'ith  water. 

'****SSe  oliJ?  *^*       This  operation  is  conducted  precisely  as  the  distillation  of  the  tar. 
•he  oil*  are  separated  according  to  their  greater  or  less  volatility  and  spedfio 
45 
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gravity,  or  arokcpt  mixed,  as  paraffin  oil,  at  a  sp.  gr.  of  0*833,  ^^^  8^°^  as  sacli  to  the 
market.  When  the  oil  which  comes  over  begins  to  solidify  on  cooling  or  cxhibiu  \ 
ep.  gr.  of  o'88  to  0*9.  it  is  separately  collected  and  placed  in  a  cool  situation  for  the 
purpose  of  crystallising  the  paraffin.  The  vessels  in  which  the  paraffin  magmi 
is  placed  for  the  purpose  of  solidifying  are  rectangular  iron  tanks,  fitted  with  a  Up. 
or  are  conical,  sugur-loaf  sliapcd  vessels,  made  of  iron  or  wood,  and  from  16  to  2 
metres  high,  and  i  metre  wide  at  the  top,  being  provided  with  a  tap  for  the  pnrpose 
of  removing  the  oily  mutter  which  has  not  solidified  after  the  lapse  of  about  tro 
to -four  weeks.  This  thick  oil  is  next  cooled  to  far  below  the  freezing-point  of  water, 
in  order  to  obtain  more  paraffin  and  other  hydrocarbons  mixed  with  it.  Aoy 
still  non-solidified  matter  is,  w^hen  it  has  a  low  specific  gravity,  again  refined  by  dis- 
tillation, and  will  yield  paraffin  oil ;  but  if  its  sp.  gr.  is  high — say  from  0*925  to  0-940— 
it  is  used  as  a  lubricating  oil,  known  abroad  as  Belgian  waggon  grease. 

Eoflning^oMho^crnJo  xhc  crude  paraffin  is  in  England  sold  to  the  refiners,  who  an 
also  paniliiii-caudle  makers ;  but  on  the  Continent  every  manufacturer  of  cnide 
paraffin  refines  his  product  and  converts  it  into  candles.  The  crude  paraffin,  so- 
called  paraffin  butter,  is  treated  in  various  ways :  some  manufacturers  crystallise  it 
by  the  aid  of  cold,  and  press  it  for  tlie  purpose  of  removing  any  oil ;  othen  again 
first  treat  the  crude  material  with  caustic  alkali  ley,  next  with  sulphuric  acid, 
and  then  agiiin  distil  it  or  leave  it  to  crystallise.  Tlie  caustic  soda  ley  remoTes 
from  tlic  paraffin  all  the  acid  substances  and  other  impurities  it  may  contain.  Tlie 
partly  purified  paraffin  is  now  treated  with  6  to  10  per  cent  of  sulphuric  adi 
whereby  alk:ilinc  and  resinous  matters  are  removed.  The  loss  in  bulk  of  the  crude 
material  by  tln'se  op<  rations  amounts  to  about  5  per  cent.  The  purified  paraffin  is 
next  allowed  to  remain  in  a  very  cool  place  for  some  three  or  four  weeks;  after 
which  the  nearly  solid  muss  is  filtered,  then  submitted  to  the  action'  of  ceiitrifD^.-al 
machines.  an<l  finiiUy  stmn^'ly  pressed.  The  oil  wliich  is  separated  frt»m  ilie 
paraffin  is  ai^ain  distilled,  yielding  paraffin  oil  and  jiaraffin  butter.  The  solid  ponL'Sii 
is  molten,  cast  into  blocks,  and  tliese  submitted  to  ver}-  powerful  hydraulic  pressure. 
The  pressed  oake  is  next  treati?d  at  iSo'  with  10  per  cent  of  sulpliurio  ariil  for  two 
hours,  then  waslu-d  with  hot  water,  again  cast  into  blocks,  again  iM-os-^LHi.  and 
then  washetl  witli  a  snlutiun  of  caustic  soda.  Instead  of  treating  tlie  paraffin  with 
active  agents,  it  has  been  proposed  to  use  neutral  solvents  for  the  renji>val  of  the 
oily  materials  :  for  this  purpose,  benzol,  light  tar  oils,  benzoliiie,  and  sulphide 
of  carbon,  have  been  enipl«>yed  in  tlie  following  manner : — The  cnid»»  para&i 
is  first  hot-pressed,  and  the  pressed  mass  fused  with  5  to  6  per  cent  of  the  solvent; 
having  been  apiin  east  into  blocks,  these  are  pressed,  and  the  operation  re]>eatedif 
necessary.  1  In*  paraffin  having  thus  been  made  quite  white  and  pure,  is  again  fused 
and  treated  with  liigh-pressure  steam,  forced  into  the  molten  ma.ss  for  the  purpose  -i: 
volatilising  the  la^t  traces  of  the  solvents.  The  sulphide*  of  carbon,  first  employtd 
by  Alcan  1 18581  l\)r  relining  paraffin,  is  used  in  tlie  following  manner  : — The  panilEn 
is  melted  at  the  lowest  po>sible  temperature,  then  well  mixed  with  10  to  15  percen; 
of  sulphide  of  eurbon.  after  which  the  cooled  and  solidified  mass  is  strongly  pressed, 
tlie  expressed  thiid  being  submitted  to  distillation  for  the  puq)t»se  of  recovering  tie 
sulphide  of  carbon.  The  paraffin  is  next  fused  and  kept  in  liquid  state  for  some 
time  for  the  purpose  of  eliminating  the  adliering  sulphide  of  carbon. 

pi'SrinR^ParlifflD.'       Instcad  of  followiug  tlie  preceding  method  with  the  crude  tar, 
Hiibner  treats  it  first  \\itli  sulphuric  acid,  and  next  distils  the  tar.  separated  from  the 
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acid,  over  quick-lime.     The  crude  paraffin  obtained  is  pressed,  and  then  further 
refined  by  treating  it  witli  colourless  brown-coal  tar  oil.    The  advantages  of  this 
method — by  which  one  distillation  is  saved — are ; — 
a.  A  larger  yield  of  paraffin. 

p.  A  material  of  better  quality  and  greater  hardness  than  by  the  usual  method. 
With  the  paraffin  the  so-called  paraffin  oils  are  obtained;  but  this  industry 
has  been  greatly  crippled  by  the  extensive  importation  of  paraffin  oils  (really 
petroleum  oils)  from  America,  so  tliat  the  aim  of  the  paraffin  makers  is  to  increase 
the  yield  of  paraffin.  By  Hiibner's  method  of  distillation  over  quick-lime, 
40  to  50  per  cent  of  impurities  (cliiefly  empyreumatic  resins  and  creosote)  are 
removed,  which  by  the  old  process  are  only  got  rid  of  at  greater  expense  by  the  use 
of  caustic  soda. 

Tieidof  Paraffln.  As  regards  the  yield  of  paraffin,  paraffin  oil,  and  lubricating  oil,  from 
the  various  kinds  of  raw  materials,  we  quote  the  following  particulars.  At  the  Ber- 
nuthsfeld  works,  near  Aurich,  the  excellent  peat  yields  6  to  8  per  cent  of  tar ; 
20  per  cent  of  paraffin  oil,  of  sp.  gr.  =  0-830 ;  and  075  per  cent  of  paraffin.  H.  Vohl 
obtained  from  100  parts  of  peat-tar  from  the  peat  of  undermentioned  localities : — 

Paraffin. 

801 
312 

3*31 
042 

3'36 
2*25 

Brown-ccwL  In  the  works  situated  in  the  Weissenfels  brown-coal  mineral  district, 
I  ton  ( =  275  to  300  lbs.)  of  the  mineral  yields  35  to  50  lbs.  of  tar.  100  lbs.  of  this 
tar  yield  8  to  10  lbs.  of  hard  paraffin  suited  for  candle-making,  and  further  8  to  10 
Ibfi.  of  soft  paraffin  for  use  in  stearine-candle  making,  as  well  as  43  lbs.  of  paraffin 
on.  Hiibner's  works  at  Rehmsdorf,  near  Zeitz,  yield  annually  from  360,000  cwts. 
of  brown-coal  about  40,000  cwts.  of  tar,  yielding  18.000  cwts.  of  crude  oil, 
4000  cwts.  of  refined  paraffin  oil,  and  6000  cwts.  of  paraffin. 

100  parts  of  retort-tar  (in  contradistinction  to  steam-tar)  from  brown-coal  yield: — 


Paraffin  Oil. 

Lnbrioating  Oil. 

Sp.  gr.,  0*820. 

Sp.  gr.,  o*86o. 

Celle  (Hanover) 

3460 

36-00 

Coburg       

2062 

26-57 

Damme  (Westphalia) 

19-45 

19*54 

Zurich  (Switzerland) 

14-40 

8-66 

Russia       

20-39 

20*39 

Westphalia        

11-00 

19-48 

Brown-coal  from — 

raramn  ou. 

IjUDncaung  ou. 

Paraffin. 

Sp.  gr.,  0-820. 

Sp.gr.,  0-860. 

Aschersleben,  Prussia 

33*50 

40-00 

3-3' 

Frankenhausen    , 

33*41 

4006 

67 

MGnden                „        

i7'5o 

26*21 

50 

Oldisleben            „        

Cassel                   , 

1772 
16-42 

2660 
27-14 

4-4 
4-2 

Analysed  by 
•    Vohl. 

Der  Rhon,  Bavaria       

IO'62 

19-37 

1*2 

Tilleda,                   Prussia  ... 

1666 

1805 

4-4 

Stockheim,  near  Diiren  „     ... 

1750 

2663 

3*2 

Bensberg,  near  Cologne  „     ... 

1636 

19*53 

3-4^ 

Tscheitch,  Austro-Hungary... 

9-04 

2886 

3-2' 

Eger                 „ 

9-14 

54-00 

5*2 

Analysed  by 

Herwitz           „ 

22-00 

48-32 

5*2 

C.  MiiUer. 

Schobrits         „ 

21-68 

46*33 

4*3^ 
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Romdohr  obtained  (1869)  from  steam-tar  from  brown>coal  on  an  aTeiage— 

.  «j^  f       15  per  cent  fusing  at  56  to  58°!  ^_j 

22  to  24  per  cent  paraffin  |  ^  ^^  |  ^     ^^  ^^6      ^g,  ^^  ^^o  j  and 

36  to  38  per  cent  of  oil. 

Witli  careful  management  steam-tar  may  yield  28  to  30  per  cent  paraffin. 

The  quotations  of  the  yield  from  cannel  and  Boghead  coals   vary  very  mueo. 
100  parts  of  tar  from  bituminous  shale  were  found  to  yield : — 

Mineral  oil. 

English  bituminous  shale 24*28 

Bituminous  shale  from  Romerickberg,  Prussia      2568 

„  „  Westphalia  „  2750 

„  „  Oedingen  on  the  Rhine  „  1833  38'33  500 

According  to  MiiUer  (1867),  100  parts  of  Galician  mineral  wax  (ozokerite)  yield 
24  per  cent  of  paraffin  and  40  per  cent  of  oil. 

Properties  of  Paraffin.  Pure  paraffin  is  a  white,  wax -like,  tasteless,  and  inodorous  sob- 
stance,  with  a  slightly  fatty  appearance.  Its  sp.  gr.  is  o'877.  It  is  harder  than  tallow, 
but  softer  tlian  wax.  Its  properties  vary,  however,  according  to  the  raw  materiali 
from  which  it  has  been  obtained.  Paraffin  from  Boghead  coal  has  been  obtained, 
after  melting,  in  a  very  crystalline  state,  and  witli  a  fusion-point  at  45'5° ;  while, 
again,  it  has  been  obtained  granular  as  bleached  wax,  with  a  fusion-point  of  52'. 
Paraffin  from  Rangoon  oil  was  found  to  fuse  at  61**,  and  that  from  peat  at  46'7*'.  The 
paraffin  from  the  tar  of  Saxony  brown -coals  fuses  at  56\  and  the  oil  paraffin  at  43'. 
The  native  paraffin  from  ozokerite  fuses  at  655°.  The  composition  of  tlie  varioui 
kinds  of  paraffin  is: — 


Lubricating  oiL 

Partffii. 

40*00 

012 

4300 

oil 

1367 

III 

From  Saxony 
Brown-coal. 

From 
Ozokerite. 

From  Boghead 
mineral. 

From  Peat. 

From 
Petroltmm. 

Carbon    ...     8502 

85-26 

8500 

84-95— 85*23 

^515 

Hydrogen  .     ii'cjS 

1474 

15-36 

15-05— I5'i6 

1529 

From  these  figures  the  conclusion  may  be  drawn,  contrary  to  the  view  generally 
adopted,  according  to  which  all  varieties  of  paraffin  should  be  mixtures  of  hydro- 
carbons constituted  as  C„Hn  (whether  the  paraffin  be  obtained  from  brown-coal,  peat 
ozokerite,  or  petroleum),  that  paraffin  is  a  mixture  of  hydrocarbons  homologous  with 
marsh -gas,  many  of  which  contain  no  less  than  C27.  Paraffin  is  insoluble  in  watt^r. 
but  soluble  to  some  extent  in  boiling  alcohol;  100  parts,  howe%*er,  dissolve  when 
boiling  only  3  parts  of  paralKn.  Paraffin  is  soluble  in  ether,  oil  of  turpentine,  oil*^ 
olives,  benzol,  chlorof«)rm,  and  sulphide  of  carbon.  Paraffin  boils  above  300', 
and  may  be  distilled  witliout  undergoing  any  alteration.  Acids,  alkalies,  and 
chlorine  do  not  at  all  act  upon  paraffin  at  the  ordinary  temperature ;  but  when 
chlorine  is  caused  to  pass  into  molten  paraihn,  hydrochloric  acid  is  evolved  and 
chlorinated  products  formed.  Paraffin  may  be  fused  with  stearine.  palmitiae. 
and  resins  in  all  proportions.  Paraffin  is  used  for  making  candles  (see  p.  6301,  bnt 
has  been  employed  now  and  then  as  a  lubricating  material;  also  for  preserving 
timber ;  for  rendering  wine  and  beer  casks  water-tii^dit ;  for  the  purpose  of  preventing 
the  foaming  and  boiling  over  of  the  sugar  solutions  in  the  vacuum  pans  at  the 
^kfifijiiming  of  the  ebullition.  It  has  been  suggested  to  use  paraffin  for  preserving 
^;  for  waterproofing  fabrics  (Dr.  Stenhouse's  process) ;  for  use  instead  of  wax 
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for  waxing  paper  (employed  in  pharmacy  under  the  name  of  vliarta  cerata) ;  instead 
of  stearic  acid  for  soaking  plaster-of-Paris  objects.  Finull}',  paraffin  is  used  in  the 
manufacture  of  the  better  varieties  of  matclies,  as  a  waterproof  varnish  for  coating 
the  phosphorus  composition ;  and  in  chemical  laboratories  to  replace  oil  in  the  oil- 
batlis. 

Panffln  OIL  As  already  mentioned,  the  dr}'  distillation  of  Boghead  mineral,  brown- 
coal,  peat,  and  bituminous  sliales,  yields  tar,  the  quantity  of  which  varies  according 
to  the  nature  of  tlie  raw  material  and  otlior  couditious,  mode  of  distillation,  degree 
of  heat,  &c.  As  regards  tlie  nature  of  tar  we  cannot  say  that  it  is  fully  elucidated. 
Until  the  year  1830,  tar  was  considered  to  be  simply  a  solution  of  empyreumatio 
resins,  rich  in  carbon,  in  empyreumatic  oil  or  oils,  tlie  nature  of  these  substances 
being  left  undecided.  Tlie  late  Baron  von  Beichenbach  was  tlie  first  who  seriously 
investigated  the  nature  of  tar,  and  the  result  was  the  discovery  of  paraffin  and 
of  eupion,  a  very  volatile  liquid,  liiglily  intlainiuable,  and  found  to  boil  at  47*  to  169**, 
consequently  ti  mixture  of  various  substances.  Notwithstanding  the  high  merits  of 
Reichenbach's  researches,  the  constitution  of  tar  was  not  fully  elucidated.  In 
an  industrial  point  of  view  tar  has  many  important  applications,  especially  for  the 
preparation  of  illuminating  materials  ;  for  by  a  rectifying  and  fractioned  distillation. 
tar  yields  paraffin  and  paraffin  oils,  when  tlie  heavy  oils  and  acids  have  been 
previously  separated.  l*araliin  oils — met  with  in  the  trade  under  various  names, 
such  as  solar  oil,  photogen  oil,  ligroine  oil,  &c. — are  very  similar  to  petroleum  oils, 
and  consist  like  tliem  of  carbon  and  hydrogen,  and  are,  when  thoroughly  rectified, 
almost  colourless  and  free  from  smell. 

The  mineral  oils  now  met  with  in  commerce  are  distinguished  as : — Photogen. 
prepared  in  Saxony,  and  consisting  of  a  mixture  of  oils  boiling  between  100°  and 
300".  It  is  a  colourless,  very  mobile  fluid,  exhibiting  a  characteristic  ethereal  smell, 
and  a  sp.  gr.  of  o  800  to  08 10 ;  but  the  sp.  gr.  of  its  constituent  oils  varies  from  076  to 
o*86.  Formerly  tliere  were  met  with  in  the  trade  light  pliotogens  of  a  sp.  gr.  of  078, 
consisting  chiefly  of  a  so-called  essence,  of  072  sp.  gr.  and  boiling  below  60' ;  but  this 
oil  was  found  to  be  too  inflammable,  and  is  now  used  as  benzoline  (also  known  as 
naphtha,  ligroine,  Canada  oil,  &c.)  in  the  sponge-lamps,  and  for  other  purposes. 
Solar  oil,  or  German  petroleum,  is  a  colourless  or  faintly  yellow-coloured  fluiil  of 
about  tlie  same  consistency  as  colza  oil,  and  of  a  sp.  gr.  of  0830  to  0832.  The 
boiling-point  lies  between  255°  and  350°;  cooled  to  —10''  it  should  not  deposit 
paraffin,  wliile  its  vapour  is  not  inflammable  below  100°.  Pyrogen  is  a  kind  of 
paraffin  oil  invented  by  Breitenloliner  and  prepared  from  residues  of  crude  oils  which 
contain  carbolic  acid,  paraffin,  and  other  substances,  and  exliibit  a  sp.  gr.  of  0*895 
to  0945  ;  these  materials,  wliicli  accumulate  in  tar-works, are  converted  into  pyrogen 
by  a  process  presently  to  be  described,  yielding  a  liglit  straw-yellow  oil  of  0*825  ^ 
0*845  sP-  &r«  Engine-oil,  or  lubricating  oil,  also  kno^-n  as  Vulcan  oil,  is  a  thickly 
fluid  oil  imported  in  large  quantities  from  the  United  States,  and  which  deposits, 
when  submitted  to  cold,  a  large  quantity  of  crystals  of  paraffin.  This  oil  is  obtained 
largely  in  the  paraffin  oil  and  petroleum-refining  works.  According  to  A.  Ott's 
account,  the  American  lubricating  oil  is  not  obtained  by  distillation,  but  simply  by 
defecating  a  specifically  heavy  native  petroleum  with  charcoal  so  as  to  eliminate 
the  colour.  This  lubricating  oil  is  sometimes  mixed  with  a  certain  percentage  of 
vegetable  or  animal  fats.  Tlie  oil  is  largely  used  for  lubricating  cotton-spinning 
machinery,  but  notwithstanding  its  extensive  employment,  the  production  far  exceeds 
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Petroleum. 
^J^gjJ2^2[^»»*       Since  tlic  year  1859  native  petroleum  has  become  a  most  important 
illuminating  material.     Petroleum  was  known  to  the  ancients  and  was  used  by  them 
for  various  purposes.     Greece  obtained  it  from  the   Island   of  Zante ;    and  the 
petroleum  from    Agrigcntum  was  burnt  in  lamps  under  tlio  n»rae  of  Sicilian  oil. 
The  inspissated  oil  wliich  was  used  under  Uie  name  of  mineral-pitch,  or  asphalte, 
as    a    cement   in   l)uilding   Babylon,    was   obtained  from    tlie    neighbourhood   of 
the   River  Eupliratos.     Mineral  pitch  was  used  by  tlie  ancients  foy   embalming 
their  dead,  while  it  would  appear  that  some    black  coloured    eartlienware    was 
prepared  with  asphalte  gently  burnt  in.      In  some  parts  of  Central  Asia   largo 
qnautities  of  inspissated  petroleum  occur,  and  tlio  Dead  Soa  is  especially  a  locality 
where  this  substance  is  met  with  ;  hence  the  name  of  locus  aaphaJtiies*  In  tlie  Island  of 
Trinidad  a  large  lake  (Pitch  Lake)  occurs,  filled  with  mineral  pitch,  which  according 
to  the  prevailing  temperature  is  more  or  less  soft.     Petroleum  is  found  in  a  great 
many  localities  in  dillerent  parts  of  tlic  world — Amiano,  near  Parma,  where  this  oil 
has  been  used  for  burning  in  street  lamps;    Tegemsee,  Bavaria,  the  oil-spring 
having  been  known  since  1430,  but  yielding  only  42  litres  annually ;  Neufchdtel, 
Switzerlan<l ;  Sehnde,  near  Hanover ;  Kleinschoppenstedt,  Brunswi(;k ;  Becliclbronn, 
Alsace;  Ck)albrookdale,  England;  in  the  Pyrenees,  and  other  portions  of  Spain  and 
France ;  also  in  Galicia.     In  far  larger  quantity  petroleum  occurs  on  the  Caspian 
seaboard  at  Apscheron,  and  especially  on  tlie  Island  of  Tschelhrkan  (39!°  N.  lat.), 
where  more  than  3400  sources  are  found,  which  yield   annuall}'  54,000  cwts.  of 
petroleum.    At  Rangoon,  in  Burmali,  petroleum  occurs  in  such  large  quantity  that 
annually  400.000  casks,  weighing  .6  c\^'ts.  each,  are  exported  thence.     But  in  no 
country  is  petroleum  found  in  such  inexhaustible  quantity  as  in  tlie  United  States, 
in  a  tract  parallel  to  the  Alleghany  mountains,  and  extending  from  Lake  Ontario 
into  tlie  Valley  of  the  Kanawha,  in  Virginia.     The  oil  region  includes  the  -ivestem 
Gonnties  of  tlio  State  of  New  York  and  Pennsylvania,  and  part  of  Ohio.     Tlie  most 
important  petroleum -wells  are  at  Mecca  (Trumliall  Co.,  Ohio),  and  at  Titusvillc,  Oil 
City,  Pithole  City,  Rouse ville,  McClintockville  (Venungo  Co.,  Pennsylvania,  the 
cmmlry  ui"  tlir  s^uin  jt  Imlians).     This  territory  is  termed  Oil  Creek.     The  wells  are 
iKirr^d  to  a  <\\'\ii\\  of  zz  to  33  feet :  some  wells  are  flowing  wells,  the  oil  being  yielded 
apontntieously ;    otlier  wells  are  pumped.     In  Canada  petroleum  is  met  with  in 
difift'rent  kcatitiea ;  asJ,  for  instance,  at  Gaspe,  near  the  St.  Lawrence,  and  in  Lambton 
Co. ;  also  on  the  Wi^stem  portion  of  the  peninsula  formed  by  the  lakes  Huron,  Erie, 
find  Outario,  in  the  Eniuskillcn  district.     California  yields  enormous  quantities  of 
rob'tim,  which  occurs  also  in  many  parts  of  Soutli  America,  and  in  the  islands  of 
and  Timor. 

As  regards  the  origin  and  formation  of  petroleum,  several  hj'po- 
TiT'^ii^lit  forward.  According  to  some  the  formation  of  petroleum  is 
tnl  ^vitli  the  occurrence  of  hydrocarbons  met  with — according  to 
DujiiftJi,  H.  Rose,  and  Bunsen — in  compressed  condition  in  many 
Svtmi  which  they  are  set  free  either  iii  the  state  of  gas  or  as 
-dt  comes  into  contact  with  water  or  is  broken  up.  The  crack- 
iozka  mine  gives  ofi  marsli-gas ;  but  by  condensation  CII4  might 
fdrocarbons,  C6Hx4  and  C7H16,  which  form  the  bulk  of  the  vola- 
oleum  and  paraffin,  the  composition  of  the  latter  varying  between 
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^aoH^a  aii<l  C27H56.  The  association  of  petroleum,  rock-salt,  and  comlmBtilile  gua 
is  met  with  in  a  great  many  localities ;  as,  for  instance,  in  tlie  Bavarian  Alps,  in  Tot- 
cany,  ^lodena,  Parma,  the  Carpathian  mountains,  on  the  Caspian  Sea.  in  India,  ud 
also  in  America.  According  to  another  view,  petroleum  is  tlie  product  of  tlie 
slow  decomposition  of  vegetable  and  animal  matter,  and  results  from  a  re-arrangement 
of  their  elements.  The  American  geologists  suppose  petroleum  to  be  due  to  the  dir 
subterraneous  distillation  of  accumulations  of  sea-plants  and  marine  animals,  lad 
that  the  petroleum  is  forced  upwards  by  water,  always  present  in  the  bored  wdk 
Of  course  the  liypothesis  involves  the  action  of  subterraneous  lieat  at  great  depth, 
which,  according  to  existing  observations  on  the  increase  of  temperature  in  deep  cotl 
mines,  readies  tlie  boiling  temperature  of  water  at  8000  feet.  According  to 
Bertlielot's  view  (1866),  there  should  be  formed  subterraneously,  from  carbonic  acid 
and  alkali  metals,  acetylidcs,  which  again  sliould  yield  with  aqueous  vapour  acetylen. 
C2H2,  wliich  in  its  turn  sliould  be  converted  into  petroleum  and  tor  products. 

^KSJkiiS™'**  Almost  all  the  native  petroleums  require  to  be  refined  before  ihejr 
can  be  used  as  illuminating  material,  the  mode  of  refining  difiering  according  to  the 
nature  and  consistency  of  the  oil.  The  oils  met  with  at  Apscheron,  in  Russia,  tnd 
in  tlie  neighbourhood  of  Baku,  are  nearly  all  colourless,  and  can  be  directly  used  fa 
burning  in  lamps  after  having  been  simply  rectified  by  distillation.  The  Rangoon 
oil  contains  so  large  a  quantity  of  paraffin  that  it  has  at  the  ordinary  temperttsie 
the  consistency  of  butter,  and  is  therefore  employed  for  extracting  paraffin.  The 
native  petroleums  of  many  of  uie  East  Indian  islands  contain  sulphur  compouids. 
and  cannot  tlierefore  be  burnt  in  lamps  until  tliey  have  been  treated  with  causae 
soda  and  sulphuric  acid,  and  rectified  by  distillation.  The  specific  gravity  of  the 
native  petroleums  met  with  in  Canada  and  the  United  States  varies  very  much: 
that  from  Venungo  Co.,  l^ennsylvania,  has  a  sp.  gr.  of  08,  while  oils  in  oiher 
localities  have  a  sp.  gr.  of  085  to  09.  Galicia  produces  large  quantities  of  natiTe 
petroleum,  wliicli  is  refined  in  some  twenty-two  works,  situated  near  Roryslav  and 
Drohobicz  ;  while  a  large  quantity  of  parafiin  oil  is  obtained  as  a  by-product  of  tlit 
distillation  of  purathn  from  ozokerite.  The  lighter  petroleums  yield  about  90  per 
cent  of  photocell  and  solar  oil,  but  the  heavier  kinds  yield  only  40  to  50  per  cent,  the 
remainder  b(;ing  tar.  The  methods  of  refining  native  petroleums  consist  in  treat- 
ment with  caustic  soda,  sulphuric  acid,  and  finally  fractioned  distillation. 

coMatution of  iviroLuin.  As  far  as  researches  have  been  instituted,  all  the  natiTe 
petroleums,  irrespective  of  consistency  and  specific  gravity,  are  mixtures  of  the 
higher  series  of  the  homologous  compounds,  of  which  marsh-gas,  CH4,  is  the  fir^t 
term.*  Amyl  hydrogen,  hydride  of  omyl,  C5PI12,  boiling  at  68'^,  and  hydride  of 
caproyl,  Cell  14.  boiling  at  92°,  constitute  the  more  volatile  portion  of  crude  American 
petroleum ;  these  burn  Hke  marsh-gas  with  a  faintly  luminous  flame.  The  c>jn- 
Btituents  of  the  oil  u.sed  in  lamps  are  represented  by  the  hydrocarbons  C7H16  an»i 
CiaHae.  The  higher  series  of  tlie  marsh-gas  group  exhibit  a  butter-like  consist^^ufv. 
and  are  composed  according  to  the  formulae  C20H42  and  Cj^Hje,  and  belong  to  the 
paraffins  met  wiUi  in  petroleums. 

*  RonaldB  proved  in  1865  that  the  gases  evolved  from  crude  American  petroleum  are 
esBcntially  hydride  of  ethyl  (GaHo),  and  hydride  of  propyl  (CjH^),  which  are  th-? 
second  and  third  terms  of  the  above  series.  The  researches  of  Fouque  (1869)  agree  vitb 
those  of  lionalds,  for  be  foand  that  the  gases  evolved  from  petroleum  art*  partly  4 
mixture  of  the  hydrides  of  propyl  and  butyl,  and  partly  a  mixture  of  marsh-g&a 
and  hydride  of  ethyl. 
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TMhBoionr  oi  PetroUmm.  According  to  an  Act  of  Congress  crude  petrolenm  may  not  be 
exported,  owing  to  its  high  degree  of  inflammability,  and  a  sample  of  every  cask  of 
petroleum  is  to  be  tested.  The  oil  ought  not  to  give  oil'  inflammable  vapours 
(hydride  of  butyV.  below  38°  C.  =  100**  F.  In  the  United  Kingdom,  as  elsewhere, 
legislative  measures  have  been  taken  in  order  to  insure  safety  in  the  petroleum 
trade.  Consequently  crude  petroleum  is  chiefly  refined  by  submitting  it  to  fractio.i  1 
distillation  in  order  to  separate  from  it  the  naphtha  of  0715  sp.  gr.  (the  benzoline  of 
the  shops),  which  begins  to  boil  at  6o^  Wiederhold  found  tliat  the  naphtha  yields 
by  fractional  distillation : — 

48  6  per  cent  of  070  sp.  gr.  boiling  at      100°    (a) 

457  »  073        ..  M  200"    W 

57  „         o'So       „  „  above  200**    [c) 

{c)  is  refined  petroleum  :  ia)  is  too  volatile  for  burning  in  lamps ;  {h)  maybe  used  in 
properly  constructed  or  sponge  lamps.  H.  Vohl  calls  petroleum  naphtlia,  canadol 
or  Canada  oil,  and  applies  it  to  the  carburetting  of  illuminating  gas ;  and  also  as  a 
Bolvent  for  caoutcliouc,  colophonium,  mastic,  dammar,  copal,  amber,  shellac,  oils 
and  fats,  and  for  preserving  anatomical  preparations.  The  most  voLitile  and  lightest 
portion  of  the  naphtha  (sp.  gr.  065,  boiling-point  between  40°  and  50"),  known 
as  Sherwood  oil,  kcroselen,  petroleum  ether,  and  rhigolen,  is  used  as  an  anajsthetic, 
and  applied  externally  in  neuralgia.  The  less  fluid  petroleum  oils  are  used  as 
lubricating  oils  under  a  variety  of  names — Globe  oil,  Vulcan  oil.  Phoenix  oil,  d:c. 
Crude  petroleum  is  used  as  fuel  in  the  Kussian  navy,  in  steamers  on  Caspian  Sea, 
and  by  the  United  States  navy  in  some  cases ;  it  has  been  tried  with  success  in 
France  as  fuel  for  locomotive  engines.  Befined  petroleum,  the  paraffin  oil  of 
the  London  shops,  is  an  opalescent  fluid,  somewhat  yellow,  boiling  at  150",  not 
miscible  with  water,  alcohol,  and  wood-spirit ;  but  readily  miscible  with  ether,  oil  of 
turpentine,  and  sulpliide  of  carbon.  Petroleum  dissolves,  especially  when  hot, 
asphalte,  elcmi,  Venice  turpentine,  and  cacoitchouc.  As  is  well  known,  petroleum  is 
largely  used  for  burning  in  lamps.  The  fluid  known  as  kerosine,  also  used  for 
burning  in  lamps,  has  a  sp.  gr.  of  078  to  0*825.  ^^^  ^^  seems  to  be  identical,  and 
both  are  prepared  from  American  petroleum  by  distillation.  As  a  great  confusion 
exists  in  tlie  names  of  the  various  distillation  products  of  petroleum,  we  quote  the 
following  particulars  communicated  by  Kleinschmidt,  of  St.  Louis : — 

Oils  distilling  over  below       377**  sp.  gr.         060*     =  90" — 97**  B.  =  Rhigolin. 


at  76-6" 

1370° 
i48o« 
183^—219" 


063 — 0*6 1  =  80" — 90*'  B.  =  Gasolin. 
0-67— 0*63  =  70°— 80°  B.  =  Naphtha. 
073 — 067  =  60° — 70''  B.  =  Benzine. 
078— 0*82  —  40°— 60**  B.  =  Kerosen. 


At  higher  temperatures  paraffin  and  illuminating  gas  come  over.  In  order  to  give 
some  idea  of  the  enormous  consumption  of  petroleum,  it  may  bo  mentioned  that  the 
imports  in  the  German  Customs  Union,*  amounted  in  1866  to  918,934  cwts.,  and  in 
the  first  half-year  of  1870  to  1,260,630  cwts. 

*  Embraces  all  the  States  of  Germany,  including  the  Grand  Duchy  of  Luxembourg, 
tmt  no  Austrian  territory. 
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FUEL  AND   HEATING  APPABATDS. 


A.  Fuel. 
Fiui.  We  understand  by  fuel  such  combustible  materials  as  may  be  bnmt  with  tlu 
view  of  obtaining  heat.  Wood,  peat,  brown-coal,  coal,  antliracite,  wood-charcotl 
peat-charcoal,  coke,  petroleum,  combustible  gases,  such  as  carbonic  oxide  and 
hydrocarbons,  are  fuel.  Excepting  the  gases,  all  kinds  of  fuel  are  closely  related  to 
each  other  as  far  as  regards  their  origin,  because  fuel  consists  of  cellulose  or  has 
been  formed  from  it.  Native  fuel,  coal,  wood,  peat,  antliracite,  consists  of  carbon, 
hydrogen,  and  oxycfen,  with  larger  or  smaller  quantity  of  ash  (silica,  alumina, 
oxide  of  iron,  alkalies,  and  alkaline  earths),  and  as  regards  coals,  also  nitrogen, 
sulphur,  and  phosphorus.  Only  hydrogen  and  carbon  are  combustible  substances, 
and  these,  tlierefore,  determine  the  value  of  fuel  by  complete  combustion,  leaving 
only  ash,  water,  and  carbonic  acid.  In  wood-ash,  carbonate  of  lime,  in  the  ash 
of  mineral  fuel,  alumina,  chiefly  prevail.     The  effect  of  fuel  depends  upon  : — 

a.  Combustibility. 
h.  Inflammability. 
c.  Calorific  effect. 

combMtibiuty.  By  combustibility  is  understood  the  greater  or  less  readiness  with 
w^hich  fuel  is  kindled  and  continues  to  bum  after  having  been  kindled.  This 
property  depends  upon  the  composition  of  the  fuel.  A  porous  fuel  kindles  more 
readily  than  a  denser  and  more  compact  fuel.  With  regard  to  the  relation 
between  combustibility  and  composition,  it  has  been  found  that  UiC  more  hydrogen  a 
fuel  contains,  the  more  readily  it  bums. 

inflammabiuty.  By  tlic  inflammability  of  fuel  we  understand  its  property  of 
bursting  into  flame  when  kindled ;  and  as  flame  is  due  only  to  burning  gas«, 
it  is  evident  that  the  fuel  containing  most  hydrogen  is  that  wliich  bums  with 
tlie  most  intense  flame.  In  the  case  of  coke,  charcoal,  and  similar  fuel,  there  can  be 
no  flame  otlier  than  that  due  to  the  formation  of  carbonic  oxide  owing  to  incomplete 
combustion. 

caiorino  Kficct  The  heat  evolved  by  the  complete  combustion  of  fuel  may  be 
measured  in  two  different  ways : — 

1.  As  regards  the  quantity  of  heat  evolved. 

2.  As  regards  the  degree  of  temperature  or  intensity  of  the  heat 
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When  the  heat  evolved  is  measured  according  to  its  quantity,  we  obtain  the  com* 
bustive  power,  the  specific  or  absolute  calorific  efiect,  of  the  fuel. 

When  the  degree  of  heat  is  measured,  the  heating  power  or  pyrometrical  effect 
of  the  fuel  is  ascertained.  These  two  measurements  together  determine  the 
technical  value  of  a  combustible  material.  When  the  absolute  calorific  efiect  of  a 
fuel  is  referred  to  its  cost,  we  determine  its  combustible  value  in  the  locality  where  it 
is  to  be  consumed. 

cSmbStSS^CT.  A.S  we  do  not  possess  a  particular  measure  for  heat,  we  have, 
when  desirous  of  determining  the  quantity  of  heat  yielded  by  a  fuel,  to  institute 
trials  for  the  purpose  of  ascertaining  tlie  relative  quantity  of  heat  evolved  by  various 
kinds  of  fuel,  in  order  that  by  comparison  we  may  find  how  much  more  heat  is 
evolved  by  one  kind  of  fuel  than  by  another.  If  the  results  thus  obtained  are 
referred  to  a  given  bulk  of  the  fuel  experimented  with,  we  obtain  its  specific  calorific 
effect ;  but  if  it  be  referred  to  a  given  weight,  we  obtain  the  absolute  heating  effect. 
The  following  table  exhibits  the  heat  of  combustion  of  several  substances : — 

Hydrogen yields  34,462  units  of  heat. 

Carbon  (when  completely  burned  and  yielding  car- 
bonic add)      „       8080  ^ 

Carbon  (when  yielding  carbonic  oxide)        „        2474  „ 

Carbonic  oxide „       2403 

Marah-gas „  13,063 

Elayl-gag „  11,857 

Crude  petroleum       „  11,773 

Ether „       9027 

Alcohol       „       7183 

Wood-epirit        „       5307 

Oil  of  turpentine      „  10,852 

Wax „  10,496 

Wood „       3600 

Wood-charcoal „       7640 

Peat „       3000 

Compressed  peat      „       4300 

Coal  (anthracite)       „       6000 

Fat      „       9000 

The  absolute  heating  effect  is  determined  according  to  the  methods  of  Karmarsch 
and  of  Berthier,  or  by  elementary  analysis. 

"^"^^^ithoS^**"*"  According  to  this  method,  applied  by  Dr.  Playfair  to  English 
coals,  by  Brix  to  Prussian,  by  Hortig  and  Stein  to  Saxony  coals,  the  quantity 
of  water  is  determined  which  i  lb.  of  the  fuel  will  evaporate.  According  to 
Regnault's  formula,  652  units  of  heat  are  required  to  convert  i  kilo,  of  water  at  o* 
into  steam  at  150**.    Consequently — 

I  kilo,  of  carbon  can  evaporate  (  — —  J    =12*4  kilos,  of  water 

I  kilo,  of  hydrogen        „  (^a^  ^)  ~  5^'^  »» 

Experiments  instituted  by  Dr.  R.Wagner  and  others  gave  the  following  results:— 

Red  beech  wood     378  kilos,  of  steam. 

Zwickau  caking  coal  (60  per  cent  ash)  645  „ 

Bohemian  coal  from  Niirschau  (19*0  „        )  5*58  „ 

Forge  or  smith's  coals  from  Saarbriick  (21-5  „        )  606  ,» 

Ruhr  coals  (5*5  »»        )  6*90  w 

Cannelcoal  (4'o  »        )      774  w 
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taining  the  calorific  value  of  such  fuel,  provided  the  quantity  of  ash  it  contains 
be  first  determined. 

Example : — i  grm.  of  oompressed  peat  yielded  on  analysis  0*4698  grm.  of  carbon,  and 
0*0143  grm.  hydrogen,  equivalent  to  42887  units  of  heat ;  because — 

Carbon,      0*4698.       8080  =  3795*9 
Hydrogen,  00143.     34,462  =    492*8 

4288*7 
The  compressed  peat  contained — 

15*50  per  cent  of  hygroscopic  water,  and         )         «    o       •       ^      ^ 
3178         ..         chemically  combined  water  }  =  48-28  per  cent  water. 

Bequiring  for  evaporation  255*3  heat-units ;  hence  4288*7—255*3  =  4033*4  units  of  heat. 
The  evaporating  power  of  the  compressed  peat  is  therefore — 

4033-4 

=  6*19  kilos. 

652 

Mnnnn*"  Twt  According  to  this  method  (i86x)  the  fuel  is  ignited  with  oxide  of  copper, 
the  residue  treated  with  hydrochloric  acid  and  chloride  of  iron,  whereby  the  latter  is 
partly  reduced  to  protochloride,  which  is  estimated  by  permanganate  of  potash.  This 
method  yields  very  correct  results,  but  is  rather  tedious. 

spMifle  csioriflc  Effect.  By  Specific  calorific  effect  we  understand  tlie  relative  qu  mtities 
of  heat  evolved  by  equal  bulks  of  different  kinds  of  fuel.  The  specific  calorific  effect 
is  obtained  by  multiplying  the  absolute  calorific  effect  by  tlie  specific  gravity  of  the 
fuel  under  trial. 

P7i«m*iricaic«ioiiflo  Effect.  Tlic  pyromctricul  calorific  effect  of  a  fuel  is  that  indicated  by 
the  temperature  resulting  from  its  complete  combustion.  As  tliere  does  not  exist  any 
pyrometer  the  indications  of  which  are  sufficiently  reliable  to  be  converted  into 
thermomctrical  degrees,  we  have  to  content  ourselves  for  tlie  present  with  an 
approximative  knowledge  of  the  pyrometrical  calorific  effect  as  deduced  from  calcula- 
tion. The  pyrometrical  effect  of  a  fuel  is  equal  to  tlie  heat-units  of  absolute  heating 
effect  divided  by  the  sum  of  the  relative  quantities  by  weight  of  its  products  of  com- 
bustion, each  of  these  quantities  by  weight  being  multiplied  by  tlie  corresponding 
specific  heat.  The  flame-yielding  substances  of  the  combustible  matter  of  wood  and 
coals  are,  therefore,  possessed  of  a  lower  pyrometrical  eflect  tlian  the  non-inllam- 
mable  carbonised  substances ;  while  in  reference  to  the  absolute  calorific  cfiVct,  tho 
reverse  obtains.  This  is  due  to  the  fact  that  tlie  aqueous  vapour  formed  by  tlio 
combustion  of  hydrogen  takes  up  nearly  four  times  as  much  heat  to  acquire  a 
certain  temperature  as  does  carbonic  acid.  The  difl'erence  of  pyrometrical  effect  of 
fuels  is  far  greater  when  they  are  burnt  in  oxygen  tlian  when  thoy  are  burnt  in  air. 
In  order  to  approach  in  practice  as  nearly  as  possible  the  pyrometrical  eflect  of 
theory,  it  is  necessary  to  bum  all  the  carbcm  completely  to  carbonic  acid,  because 
the  temperature  of  its  combustion  to  carbonic  oxide  amounts  in  air  to  only  1427% 
with  2480  units  of  heat;- while  if  the  carbon  is  burnt  to  carbonic  acid  the  tem- 
perature rises  to  2458°,  with  8080  heat-units.  This  complete  combustion  may  be 
greatly  promoted  by  proper  treatment  of  the  fuel ;  for  instance,  by  keeping  wood- 
charcoal  and  coke  in  drying  houses  for  a  considerable  time ;  by  compressing  peat  to 
increase  its  density;  by  preparing  dense  coke;  heating  the  fuel  previous  to 
introducing  it  into  the  furnace ;  by  the  use  of  heated  air ;  and,  lastly,  by  effecting 
the  combustion  wiih  compressed  air. 
The  temperature  of  combustion  is  not  only  the  product  of  the  act  of  combustion 
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itself,  but  is  essentially  modified  by  the  action  of  the  actiye  principles  of  the  tir 
during  the  combustion.    For  complete  combustion  there  are  required : — 
For  1  kilo,  of  carbon,  at      15**,    97  cubic  metres  of  air. 
„    I     „     ,.  hydrogen,  at  l5^  280    „ 
From  these  data  we  deduce  the  following  quantities  of  air  as  required  &r  the 
complete  combustion  of  tlie  subjoined  quantities  of  fuel : — 

I  kilo,  of  wood  (with  20  per  cent  of  hygroscopic  water)  =  52  cubic  metres  of  tir. 

I       „       wood-charcoal =  go     „  „         „ 

I       „       pit-coal     =  90    „  „        „ 

I       "       coke =  90    „  „ 

I       „       brown-coal       =  73     „ 

I       -       P^'at =  73     ., 

In  practice  on  the  large  scale  these  quantities  of  air  require  to  be  doubled  in  order 
to  obtain  complete  combustion. 

Mechanicfti  Equivalent  ^hc  law  of  thc  conscrvation  of  energy  teaches  that  heat  can  be 
converted  into  labour,  and  inversely  labour  into  heat ;  and  that  i  unit  of  heat  corre- 
sponds to  424  metrical  Idlos.  of  labour.  When  heat  does  work  it  is  dispersed  inlhe 
proportion  of  424  units  of  work  for  i  unit  of  heat ;  consequently  the  number  424 
expresses  the  mechanical  equivalent  of  heat.  By  a  foot-pound  is  understood  the 
force  required  to  lift  a  weight  of  i  pound  i  foot  high.  When  instead  of  the  pound 
tlie  kilo.,  and  instead  of  the  foot  the  metre  are  taken,  the  term  kilogrammetre  is 
employed,  i  kilogrammetre  =  637  Rhenish  foot-pounds  ;  i  English  foot-pound  is 
equal  to  013825  kilogrammetre;  75  kilogrammetres  =  542  English  foot-pounds; 
I  horse-power  (33,000  pounds  lifted  i  foot  liigh  in  i  minute)  is  equal  to  760390 
kilogrammetres ;  i  unit  of  heat  per  English  pound  is  equal  to  *tlis  of  a  I'rench  calorifii: 
unit  per  kilo.  Tlie  starting-point  of  tlie  mechanical  tlieory  of  heat  is  the  axiom  first 
put  forward  by  11.  Clausius,  that  '*  in  all  cases  in  whicli  heat  does  work  a  propor- 
tional quantity  of  heat  is  dispersed  or  consumed,  and  inversely,  by  the  performance 
of  an  equal  amount  of  work,  tlie  same  quantity  of  heat  can  be  regenerated.' 

Wood. 
Wood.  Wood  consists  of  several  structurally  different  parts,  wliich  may  be  seen  ia 
the  transverse  section  of  tlie  wood,  viz. : — The  axis,  or  pith,  a  rather  spongy, 
regularly  shaped  tissue  of  parenchyma  cells,  whicli  radiate  towards  the  bark.  Xiiis 
is  surrounded  by  the  wood,  consisting  of  an  aggregation  of  bundles  of  vascular 
tissue.  Tlie  wood  is  surrounded  by  the  bark,  and  between  wood  and  bark  is 
deposited  a  very  thin  layer  of  cells  filled  with  a  turbid  fluid,  from  which  the  furtiur 
growtli  of  the  tree  proceeds  by  the  gradual  deposition  of  newly  formed  cells  towards 
both  the  wood  and  bark  side.  The  bark  is  externally  covered  with  a  layer  01 
peculiarly  shaped  cells,  which  with  the  rind  form  the  bark,  covered  by,  in  young 
trees,  epidermis.  The  pith-cells  become  obliterated  in  old  trees,  and  leave  a  hollow 
tube.  The  wood-cells  become  thicker  by  the  deposition  of  cellulose,  and  as  tliis 
deposition  increases  in  spring  but  decreases  in  summer  and  autumn,  tlie  effect  is  the 
formation  of  the  so-called  annual  rings,  which  are  separated  from  each  other  by  the 
more  conipsirt  and  harder  layers  deposited  in  autumn.  The  wood-cells  are  internally 
hollow,  and  are  separated  from  each  other  by  intercellular  meatus,  which  contain 
usually  air,  but  sometimes  also  gum,  resin,  &c.     The  largest  quantity  of  c<jllulose  ii 
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deposited  in  the  wood  and  vascular  cells,  which  essentially  constitute  the  wood ;  the 
wood  is  the  harder  and  more  compact,  when  in  a  given  spaco  the  cellulose  is 
deposited  in  larger  quantity,  while  in  the  so-called  soft  wood  the  walls  of  the  cells 
are  thinner  and  their  numher  smaller  in  a  given  space.  The  trees  of  wliich  the 
wood  is  used  as  fuel  in  Central  Europe  are : — 
Leaved  trees. 

Oak  {Quercus  pedunculata  and  robur)     • 

Bed  hcech  (Fag us  sylvatica)    

White  beech  [Carpinus  betulus)      

Elm  tree  [Ulmus  campestris  and  effusa) 

Ash  tree  {Fraxinus  excelsior) 

Alder  (Alnus  ghitinosa  and  incana) 

Birch  (Detula  alba  and  pubescens) 

ConifGrouB  trees. 

White  fir  (Pinus  ahies)     

Bed  fir  (Scotch  fir)  (PtniM  jDtc^a)    

Common  fir  (Pinus  sylvestris) 

Larch  or  larix  tree  (Pinus  lurix)   

Oak,  beech,  elm,  birch,  and  ash,  are  hard  woods. 
fir  are  half-hard ;  wliile  poplar,  lime  tree,  willows,  are  soft  woods. 

coBititiiMitiof  wo<hl  Wood  essentially  consists  of  woody  fibre,  small  quantities  of  ash 
and  sap,  and  a  variable  quantity  of  hygroscopic  water.  Woody  fibre,  or  cellulose, 
constitutes  about  96  per  cent  of  dry  wood,  and  is  composed  of  CellioOj ;  in  100  parts, 
of— Carbon,  44451  hydrogen,  6-17  ;  oxygen,  49-38.  The  vegetable  sap  consists 
chiefly  of  water,  but  contains  organic  as  well  as  inorganic  matters,  partly  in 
solution  and  partly  suspended.  The  inorganic  constituents  of  the  sap  (the  ash  left 
after  tho  incineration  of  the  wood)  are  the  same  in  all  kinds  of  wood  (see  p.  123). 
In  practice  it  is  assumed  that  wood  leaves  about  i  per  ceut  of  ash  ;  but  there  is  a 
difference  for  certain  portions  of  the  tree,  the  trunk  yielding  about  1-23  per  cent  of 
ash,  the  brandies  and  knotty  parts  1-34  and  1*54,  and  the  roots  227  parts  of  ash 
respectively. 

The  quantity  of  water  contained  in  wood  is  generally  larger  in  soft  than  in  hard 
ivoods.  100  parts  of  wood  recently  felled  are  found  to  contain  on  an  average  the 
following  quantities  of  water : — 


fit  for  felling  in 

50—  60  years. 

ft 

>f 

80—120 

ft 

a 

»» 

no— 120 

f» 

»> 

f} 

20—  30 

ff 

f> 

>» 

20—  30 

ff 

» 

i> 

20—  30 

f» 

» 

If 

20—  25 

f> 

»> 

f» 

50—  60 

ff 

>t 

ff 

70—  80 

ff 

»» 

ft 

80 — 100 

ff 

>» 

ff 

50—  60 

ff 

)ods. 

Sycamore,  larch,  and  common 

Beech     

186 

Common  fir 

••    397 

Birch      

308 

Bed  beech     

••    397 

Oak 

347 

Alder     

..    41-6 

Oak  (Quercus pedunculata)  ... 

354 

Elm       

••    44'5 

White  fir       

371 

Bed  fir 

••    45*2 

Air-dry  wood  may  be  considered  as  consisting  of : — 

40  parts  of  carbon  (inclusive  of  i  part  ash). 

40     „     „  chemically  combined  water. 

40      „    „  hygroscopic  water. 
Wood  dried  at  130°— at  which  temperature  .all  the  hygroscopic  water  is  driven 
off—is  composed  of: — 

50  parts  of  carbon  (inclusive  of  i  part  ash). 

50     „    „  chemically  combined  water. 
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laU  these  substances  are  cambustilale.    The  following  diagram  eshibita  the  chief 
products  of  tlie  dry  distillation  of  wood :— 

^ft  I    .  IlIuminatLng  J  EIa\-1. 

^Wood 


a.  Real  wood. 


Hygroscopic 
water. 


.  IlIuminatLng 
gas. 


/3.  Tar. 


iNaphtliiLlin  (?) 

Naphthalin  (?) 
Paraffin. 
R^ten. 
LCarbolic  acid. 


Carbonic  oxide. 
Carbonic  acid. 
Mitrsli-gas. 
H3*drogen. 

Oxyphenic  Bujid. 
Cresylic  acid. 
Phloiylic  acid* 
Empyreumatic  resins- 
Creosote. 


Pyroligneona  j  Acetic  acid, 
acid.  (Propionic  acid. 


Aceton. 
Wood  spirit. 


k        us 

■l»r 


/M  M\v 


Fio. 


302. 


Cttfborrl'ali'm  Jn 


^^^^^  t  J.  Wood  charcoal. 

^m  cfcAofttttUoB  of  Wood.      Wood  is  carbonised  chiefly  for  the  purpose  of  concentrating  1 
^^  fuel  or  combuEtibk  matter  it  contains,    to   obtain  a    more    readily  transportabla 
maleriaU  and  for  the  purpose   of 
convorting  the  wood  into  a  fuel  for 
pUae  in  misLaliurgieal  and  technical 
processes  in  which  wood,  as  such, 
*  cannot  be  employed. 

Wood  may  be  carbonised  with 
^^the  sole  view  of  making  tar  (Stock* 
^K^olm  tan,  or  witli  tUut  of  making 
^^M|^-gaa  ur  charcoal.  In  tJie  la  Iter 
^^nm  the  wood  is  very  frequently 
carbonised  in  tlie  forests  where  it  is 
ifelled,  in  heaps,  pits,  or  ovens. 

A     regularly      con- 

fitructed  itpupof  blocks 

lof  tinibor  covered  with  a  layer  of  earth 

I  and  cJjArcoftl-dn&t  is  formeU,  the  wood 

^Leing   placed   vertically  or    horison- 

Jly    as    regar<fa    the    direction     ol 

Ibe   aitis   of    the  heap.     In  the  first 

se  the   heap  is  termeti  n    **  stand- 

tig,**   in   the  other  a  '"  laid  '^  heap. 

lie  ai:ia  is  a  pole  or  several  poles  of 

RTOod, 

Coorttuctianof       The   building  of  tba 

Itiw  K*»p,        heap  is  oommenced  by 
batting  up  the    axis  pule   or  polea. 
Vertica!     Leaps    are,    according    to 
Iheir  construction,    dif^tinguished  in 
Dennauy,  as  :— «,  Walsh  heap,  Fig. 
Jor.     ft,   Slavniiian    heap.    Fig.  302, 
If,  Schwnrten  heap,  Fig.  303, 
The  \\*al«h«  or  Italian  heap  (Fig. 
301)  is    constructed  with    a   hollow 
central    supimrt    nf   phutks  or   Btout 
.laths,  kept  apart  from  «?ach  other  by 
balks,    fi,      Tiie    heap    contains 
yo  or  three  hiyers  of   wood  and  i» 
onical  ia  shape.     The  layer  of  corth 

the  wood  is  termed  the  chemise.      In  the  lower  part  of  the  hoUow  pole  or  Bhaft 
eafnons  wood  i»  placed  for  kindling  the  pile. 
4d 
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^  the  draught  of  the  apporains.     The  opfninps,  dd^  seire  for  the  introduction  of  the  irootL 
There  are  no  fixe-bars  in  tho  hearth  of  this  kiln. 

The  carbomeation  of  wood  with  the  view  of  producing  tar  is  best  effected  by  the  method 
in  general  usu  in  Bu^sin,  of  which  Hessel  has  given  (iS6i)  the  following  descriptioD. 
The  wood,  generally  of  coniferous  trees,  is  cut  up  with  on  axe,  being  distinguiahed  aa 
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Brawican  and  Luezina ;  the  ioTrnvr  wood  from  the  tnmlL  of  the  treei,  the  latter  thflj 

inotty  roots.     The  wood  is  heaped  up  ou  a  plot  of  groiuii).  Fig.  311,  which  is  BomewhaiH 

'erated  abore  the  level  of  the  soil,  and  U  funnel'Shaped,  the  whoLo  being  cooBtructed  of 

ay  and  liued  with  roofinf^-tiles,  on  which  the  tar  colleetB  and  flows  off  into  a  vesfiel 

r.plaoed  in  the  rauU,  an  exhibiti'd  in  the  cat.    Tbc  wood  is  heaped  in  six  to  eight  UycfB^ 

r^nd  is  first  covered  ^ith  hay  or  dung,  next  with  a  layer  of  a  few  inches  in  thickness  of 

Baud  or  earth.      The  wood  In  the  heap  is  ignited  at  the  bottom,  where  forty  to  fi^fty 
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l«)ertiirea  are  1.  t  with  wet  sand  as  soon  1 

|4be  combustion  ui  Lhtj  wuud  1  uvt,  luxd  luk^  dpii.HUrd  through  the  whole  heap, 

iter  about  six  days'  ^mouidei  1  |<  oi  the  heap  fulls  in  and  a  strong  tliime  bursts 

I  cut*     After  ten  to  twelve  dnys   iLo  tnr   bt>gins  to  collect  nnd   is   removed   daily.     Thdj 
I  emualdeHng  of  the  wood  oonunues  for  tbreo  to  fonr  weeks;  the  quantity  of  chorcoa 
I  obtained  is  very  small.     According  to  Theniu^,  wood-tiir  is  obtained  by  a  similar  procesa' 
I  in  Lower  Austria  from  the  wood  of  the  black  fir,  which  docs  not  yield  turpentine  ;  but  in 
l£obemia  a  very  resiuons  wood  h  used  for  idr-making.     100  parts  of  iir  wood  yield  in 
l^ussia  17*6  parts  of  tar  and  23*3  parts  of  charcoal. 

Since  the  year  1853  there  has  been  in  use  in  Sweden  an  appnratuB  for  the  distillation  ol 

liar  from  wood,  known    as  a  t he rmo- boiler.      According  to  Hessel^a   description,   this 

llippurrituii  consists  of  a  boiler-shaped  iron  vessel,  a,   Fig.  312,  of  ubont  8  cubic  metres 

capacity,  and  fitted  with  a  man-hole  for  introducing  tbe  wood.     This  vessel  ia  heated  by  a 

fire  at  a,  and  the  flues,  bb*    In  order  to  heat  the  wood  rapidly  to  loo"*,  a  jet  of  steam  is 
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forced  uitri  uio  vpssel  throii|*h  <?.     The  tar  which  might  collect  and  conden^n  m  Vi&i 
I  ift  carrietl  off  by  the  fiiJ  of  the  pipe  r  to  b,  while  the  vaponra  of  tar  and   oth-?r  rnU 
pTuduetB  are  conveyed  through  d  into  h*.     The  matter  tht tg  condeu^ed  flcnrs  ikirajtli"l 
h  to  n,  while  the  more  volatile  products  iiro'  rendered  li(|nid  in  the  condenser*  c.    Tbc 
combni^tible  ga«OB  are  returned  to  the  fireplace.     In  Addition  to  tar,  there  art,  ak  ih* 
outset  of  the  operation,  ol^o  obtnined  oil  of  turpentine  and  prroligneons   o^dd 
charcoal,  which  is  extinguished  by  moans  of  steam,  is  removed  frtJin  tbc  hoiier 
openinj?  a.    Accordiug  to  an  inveHtigatii>n  by  Thenius  ( 1S65),  with  th-  * 

I  vhotber  the  tar  obtained  in  making  wood-gas  is  eqaally  fitted  (or  um  ^e»  1 

boiling  down  to  pitch  as  the  tar  obtained  hy  other  methods,  it  was  5i 
the  ott&e.     This  agrees  with  Dr.  Owden's  researches^  made  at  his  exit!    ; 
wood-ftpirit  works  at  Sunderlirndf  where  th«  tar  obtained  is  burnt,  or  n^v.i 

Fm.  312. 


^T^-daj  for  making  a  kind  of  asphalt e.    Owing^  to  the  cheapness  ol  coal  in  the  botS!^*  ^ 

I  woo€l-<)harooal  is  olmoat  a  wat^te  product. 

Fr^'iHiTtiM  of  ohanroflL  We  distinguish  betweOTi  hard  wood  and  soft  wocnI  ch^recMil.  tal 
as  regards  the  latter,  again  between  cliarcoal  obtfiiued  from  Jeaf-bearing  trees  cbI 
from  coniferous  trees.  According  to  the  degrees  of  carbouisaUoiu  we  disltnguiik 
between  well-burnt  hlack-coal  and  the  so-called  clKtrhon  roujc^  a  more  or  lea*  def^ 
brown  torrified  charcoal,  often  used  in  gunpowder  making. 
According  to  tlio  size,  charcoal  is — at  least  abroad — divided  into  : — 

1.  Coarse  log-coal,  tlie  largest  and  most  compact  lumps, 

2.  Forge-coal,  compact  lumps  about  4  inches  diameter. 

3.  Coal  from  the  centre  of  the  heap,  small  lumps  and  porous, 

4.  Small  coal,  nut  aud  pebble -sized  lumps,  mixed  with  dust. 

5.  Baw  coal,  or  not  weU- burnt  lumps. 

Xs  regards  the  yield  of  charcoal  hy  bulk,  this  may  be  referred  either  to  lit*  pal 
volume  of  the  mass,  after  deduction  of  interstices  present  in  the  heap»  or  to  l!if 
apparent  volume  without  tliat  deduction  being  made.     We  can  compare ; — 

a.  The  apparent  volnme  of  the  wood  with  tlie  apparent  volume  of  the  e^iarr«?vi. 

h.  The  real  volume  of  the  wood  witli  the  real  volume  of  the  charcoal 

c.  The  real  volume  of  Uie  wood  witli  the  apparent  volume  of  Uit»  charecmi 

Tlie  first  method  may  be  called  the  production  accordii»g  to  the  apf^rcnt 
volume  il.) ;  Uie  second,  the  yield  according  to  tlie  real  volome  (II.);  the  third,  fki 
yield  according  to  both  volumes  (III,) : — 
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'  Method  (I.)  gives  the  following  results : — 

Oak  wood    71*8 — 74*3  per  cent  oharcoaL 

Ked  beech  wood ...     ...     ...     ...  73*0  „  „ 

Birch  wood 685  „  „ 

Ehv'arf  beech  wood  (as  grown  for  hedges  abroad)  57*2  „  „ 

Fir  wood      63*6  „  „ 

According  to  the  real  volume  (II.)  the  average  of  several  experiments  gave  a  jield 
of  47*6  per  cent.  According  to  both  volumes  (111.),  the  following  results  were 
obtained  at  Eisleben  :-^ 

Apparent  Both 

Weight.  volume.  volumes. 

Oak  wood     213  per  cent     7i'8  per  cent     987  per  cent 

Red  beech  wood 227     „     „ 

Birch  wood 209     „     , 

Dwarf  beech  wood      206     „     „ 

Fir  wood       250    „     , 

^"^iIiJSoi^**°^'  Omitting  the  small  quantities  of  hydrogen  and  oxygen  present  in 
charcoal,  its  average  composition  in  air-dry  state  is  tlie  following : — 

Carbon    85  per  cent 

Hygroscopic  water        12    „    „ 

^vsn ...     ...     ...     ...     ...     ...     ...       3     ft     It 

^HSSni^^Efiif"*  ^'^^e  combustibility  of  freslily  burnt  charcoal  is  very  great,  for  it 
continues  to  burn,  with  proper  access  of  air,  when  onca  ignited ;  but  as  charcoal 
does  not  contain  any  volatile  combustible  matter,  it  requires  a  great  heat  to  become 
ignited,  more  especially  as  it  is  a  very  bad  conductor  of  heat. 

Tlie  heating  effect  of  various  kinds  of  wood-charcoal  is  shown  by  the  figures  of  the 
subjoined  table,  the  heating  effect  of  carbon  being  taken  as  the  unit : — 

S  5  I 

J      8      I  Ill's ls^i"b 


730 

if        >» 

ioo'4 

68-5 

ff        «t 

942 

572 

It        >i 

786 

636 

It       Ji 

872 

Well-burnt  charcoal,  air-dry    'o'97  —  2450 

Well-burnt  charcoal,  quite  dry        ...  084  —  2350 

Birch  wood         „  „        ...     —  0*20  —  337 1         S< 

Ash  wood  „  „        ...     —  019  —  —  f^ 
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Red  beech  wood  „  „  ...  —  018  —  33'57  K 

Red  fir  wood       „  „  ...  —  017  —  33  51  g^ 

Sycamore  wood  „  „  ...  —  o'i6  —  —  g 

Oak  wood            „  „  ...  —  015  —  3374  « 

Alder  wood         „  „  ...  —  013  —  32  40  ^ 

Linden  wood      „  „  ...  —  010  —  3279  § 

Fir  tree               „  „  ...  —  —  —  3353  a 

Willow  wood       ,,  „  ...  —  —  —  3349  ^ 

The  evaporative  power  of  fir  wood  charcoal  containing  10*5  per  cent  of  water  and 
27  per  cent  of  ash  amounts  to  675  kilos.,  viz.,  i  kilo,  of  the  charcoal  evaporates 
675  kilos,  of  water.  This  charcoal,  in  perfectly  anhydrous  state  and  with  3*02  per 
cent  ash,  evaporates  7' 59  kilos,  of  water. 

*^^**'*^"a?«ISii!'^°"*'^'^  -^^  *^®  complete  carbonisation  of  wood  entails  a  loss  of  about 
40per  cent  of  fuel,  it  has  been  recently  tried  to  prepare  a  kind  of  charcoal  exhibiting  a 
brown-black  colour,  and  obtained  from  wood  by  torrifying  rather  than  by  carbonising 
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it,  experience  having  shown  that  snch  a  oharooal  is  obtained  when  the  mr-dtj 
wood  has  lost  by  torrifying  some  60  to  70  per  cent  of  its  weight.  This  kind  of  char- 
coal is  intermediate  to  real  black  charcoal  and  kiln-dried  wood ;  it  contains  man 
oxygen,  is  readily  pulverised,  but  is  less  porous  than  either  kiln-dxied  wood  cr 
ordinary  charcoal,  than  which  it  is  far  more  inflammable,  and  is  hence  pirefenned  it 
gunpowder  making.  Charbon  roux,  or  torrified  charcoal,  is  a  very  iisefiiltBft 
important  fuel  for  industrial  and  metallurgical  purposes. 

Freshly  prepared  torrified  charooal  has  the  following  composition :— > 

Carbon '  74*0  per  cent 

Chemically  combined  water     ...     ...    24*5    „    „ 

Asn   •••  •••  •••  •••  •••  •••  •••   X  Q  pp  f. 

The  composition  of  this  charcoal  after  keeping  is : — 

Carbon 66*5  per  cent. 

Chemically  combined  water     22*0    „    „ 

Hygroscopic  water    100    „    „ 

Asn   •••  •••  •••  •••  •••  •••  •••   I  ^  ,f  ,, 

BoMtedwood;      The  AHSOciation  for  Promoting  Chemical  Indastiy  at  Mains  prepares  an 
BoUBonx.  '  intermediate  product  to  wood  and  torrified  charcoal,  to  which  the  name 

red  wood  (roasted  wood,  bois  roux)  is  given.    It  is  made  from  beech  wood,  and  is  the  bj. 

product  of  the  preparation  of  acetic  acid  and  creosote.    It  has  all  the  external  appearances 

of  wood,  but  the  colour,  which  is  deep  brown.    It  is  highly  inflammable,  and  oonaiits  on 

an  average  of : — 

Carbon 52*66  per  cent 

Hydrogen      578    „    „ 

Ash        043    „    „ 

Water  (moisture  or  constitutional  ?)  .      4*49    „    „ 
Oxygen 3664    „    „ 

According  to  B.  Fresenius's  researches,  the  evaporative  power  of  air-dry  beech  wood  is 
to  that  of  boU  roux  as  54*32  :  100. 

Peat 
pMt.  This  is  the  product  of  the  spontaneous  decay  of  vegetable  matter,  more 
especially  of  marsh  plants,  mixed  with  vstrious  mineral  matters,  sand,  clay,  mtrl 
lime,  iron  pyrites,  iron  ochre,  &c.  Peat  is  especially  formed  in  places  where  sliallow, 
stagnant  pools  of  water  abound,  in  which  the  plants  grow,  while  at  the  same  time 
the  peat  is  precluded  access  of  air.  The  following  plants  are  chiefly  met  with  in  ptat 
bogs  and  form  the  peat : — Eriophorum,  Erica,  Calluna,  Ledum  palustre,  Jlypnum, 
and  also  Sphagnum,  a  plant  especially  fitted  for  the  formation  of  peat,  because 
it  never  \yholly  dies,  but  continues  to  vegetate  towards  the  surface  of  the  water  or 
boff.  while  the  older  parts  decay. 

Tlie  difierent  qualities  of  peat  are  partly  due  to  the  plants  from  which  tlie  peat  is 
formed,  but  chiefly  to  the  more  or  less  complete  decay  these  plants  have  undergone, 
to  the  mineral  substances  mixed  with  the  peat,  and  to  Uie  compression  to  which 
it  has  been  submitted  by  the  weight  of  other  mineral  materials  deposited  upon 
it.  Abroad,  and  in  countries  where  peat  abounds,  several  varieties  are  dis- 
tinguished, such  as — I.  Moor  peat,  chiefly  derived  from  kinds  of  Sphagnum,  and 
found  in  several  parts  of  the  United  Kingdom  as  very  young  peat — ^for  instance,  at 
Aldershot,  and  on  moor  lands.  2.  Heath  peat,  in  Holland  known  as  platjgeHturf.  is 
the  surface  soil  of  heather-growing  places.    3.  Meadow-land  peat,  decayed  coarse 
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grass  mixed  with  a  soft  subsoil.     4.  Wood  or  forest  peat,  met  with  in  forests,  ' 
and  formed  by  the  decayed  wood,  leaves,  &c.    5.  Marine  peat,  formed  by  the  decay 
of  sea  plants,  various  kinds  of  FucuSt  &c. 

Peat  is  directly  obtained  by  simply  cutting  it  with  a  spade  from  the  surface  of  the 
soil,  either  with  or  without  the  necessity  of  first  removing  a  layer  of  other  soil, 
while  some  peat  can  be  obtained  only  by  dredging  for  it  under  water.  In  the 
latter  case  a  mud  is  dredged  up  which  (as  happens  in  Holland,  where  the  land  peat  is 
known  as  hoog  veen^  while  the  peat  from  under  water  is  termed  laag  veen),  has  to  be 
dried  gently  in  open  air,  and  afterwards  cut  up  in  brick- shaped  lumps,  and 
farther  air-dried.  Peat  is  often  artiticially  compressed  for  the  purpose  of  obtaining 
a  more  compact  fuel.  Tlie  quantity  of  water  contained  in  freshly  dug  peat  is  very 
large,  and  by  keeping  this  peat  in  dry  situations  it  may  lose  45  per  cent  of  its 
original  weight.    Assuming  the  organic  matter  of  peat  to  consist  of — 

Carbon 60  per  cent. 

Hydrogen    2        „ 

Water 38        „ 

The  best  solid  air-dry  peat  consists  of— 

Solid  peat  mass  (inclusive  of  ash)     ...     . 

Hygroscopic  water       

or  of — 

Carbon       ...     ...     ... 

Hydrogen 

Chemically  combined  water 

Hygroscopic  water 

The  following  analyses  exhibit  the  composition  of  peat-ash,  which  is  characterised 
by  containing  a  far  larger  quantity  of  phosphoric  acid  than  wood-ash. 

According  to  E.  Wolff,  two  kinds  of  peat-ash  from  the  Mark  (a  and  b),  and  another 
firom  South  Bavaria  (c,  analysed  by  Dr.  Wagner)  contain  :-^ 


...    75  per  cei 

•••    25        „ 

45*0  per  cent. 

1-5 

285 

255 

a. 

b. 

c. 

Lime      

15-25 

2000                               18-37 

Alumina 

2050 

47'oo                              45*45 

Oxide  of  iron       

550 

7*59                               7-46 

Silica      

41-00 

13-50                             20-17 

Phosphate  of  calcium  and  gypsum  ... 

310 

2*6o 

Alkali,  phosphoric 

acid,  sulphuric 

•  8-55 

acid,  &c. 

DryinR  Peat  The  nse  of  peat  as  fuel  and  its  value  as  such  depend  in  a  great  measure 
upon  the  quantity  of  water  and  the  mineral  substances  it  contains.  Peat  may  be 
more  or  less  dried : — 

1.  By  exposure  in  stacks  in  open  air,  or  better  in  sheds  where  the  peat  is  protected 
from  rain,  but  where  a  free  circulation  of  air  obtains.  Afr-dried  peat  contains  25  per 
cent  water. 

2.  By  artificial  heat,  kiln  drying  at  loo**  or  120**,  in  kilns  or  stoves  heated  by  a  distinct 
fire-place,  or  by  waste  heat  from  other  operations. 

3.  By  compressing  peat.  The  compression  has  the  following  advantages: — a.  Ren- 
dering the  peat  more  compact  and  thus  increasing  its  p^Tometrio  effect.  I.  Lessening  its 
bulk,  and  couHequeutly  lessening  the  cost  of  transport. by  water,  in  which  mode  of  trans- 
port the  cost  is  calculated  by  balk  or  cubic  measurement,     c.  The  compression  aids 
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the  drying.  The  operation  of  compressing  freshly  dog  peat,  simple  as  it  appean,  has  bMB 
found  in  practice  to  be  accompanied  with  difficulties  which  hitherto  have  not  been,  and 
are  not  likely  to  be,  overcome,  for  several  reasons,  among  which  is  the  fact  that  peat,  a«i 
heterogeneous  material,  cannot  be  dealt  with  satisfactorily  by  compression.  Bat  a  step  in 
the  right  direction  towards  the  utilisation  of  the  enormous  masses  of  peat  soil  has  be«n 
made,  by  submitting  the  soil  first  to  a  kind  of  grinding  lixiviatLon,  which  converts  it  into  i 
homogeneous  mass,  from  which  the  greater  part  of  the  mineral  matters  can  be  eliminated. 

In  the  works  at  Staltach,  near  Munich,  the  following  process  has  been  introdneed 
by  Weber  for  preparing  peat.  The  peaty  material  having  been  brought  from  the  moor  in 
lumps  is  put  into  a  kind  of  pug-mill  moved  by  steam-power,  and  which  reduces  the  petty 
substance  to  a  uniform  paste.  This  paste  is  moulded,  compressed,  and  dried  in  a  stove. 
Schlickeysen  has  invented  a  machine  of  improved  construction ;  in  its  apphcation 
it  is  unnecessary  to  pour  any  water  on  the  peaty  material,  consequently  the  drying  pro- 
cess is  less  tedious  and  expensive.  Dr.  Versmann*s  peat-preparing  machine  eonsiitB 
chiefly  of  a  funnel-shaped  stout  sheet-iron  vessel  provided  with  small  holes  on  itf 
periphery  and  internally  fitted  with  an  iron  oore-pieoe,  which  bears  cntters  fastened 
spirally  on  its  surface.  By  the  action  of  these  cutters  the  peaty  matter  is  reduced  to 
a  pulp,  and  in  that  state  issues  from  the  holes,  while  any  coarse  particles,  such  as  piecei 
of  root,  vegetables,  &c.,  are  discharged  at  the  lower  opening  of  the  funnel-shaped 
iron  vessel.  On  the  Haspel  moor  peat  bog  situated  between  Augsburg  and  Manich. 
there  has  been  in  use  up  to  the  year  1856  a  peat-preparing  machine,  originally  invented 
by  Extcr,  at  Munich,  and  consisting  essentially  of  solid  iron  cylinders,  provided  with 
strong  teeth  6  centims.  long,  and  arranged  in  the  same  manner  as  obtains  in  bon*- 
crushing  mills.  The  peaty  material  is  reduced  with  the  aid  of  water  to  a  pulp,  which 
is  next  pressed,  moulded,  and  dried.  The  unreduced  vegetable  matter  and  roots  are 
separated  from  the  peaty  mass  by  the  machine.  Challcton*s  peat-preparing  machine, 
invented  in  1824,  and  worked  at  Montangcr,  near  Corbeil,  Seine  et  Oise,  France,  con&iits 
of  a  set  of  cylinders,  1*3  metres  in  length,  and  fitted  with  cutters.  The  peaty  mas  ii 
first  cut  into  shreds  and  is  next  transferred  to  another  portion  of  the  machinery,  in  the 
particulars  of  its  construction  very  similar  to  a  cofifee-mUl.  With  the  assistance' of  some 
water  the  pcaiy  material  is  converted  into  a  pulp,  which  is  next  lixiviated,  and  thus 
deprived  of  mineral  impurities.  The  tbin,  pasty,  peaty  mass  is  run  into  a  large  tank  or 
pit  dug  in  the  soil,  and  left  there  until  it  has  acquired  suflicicnt  consistency  to  be  moulded. 
This  mode  of  treating  peaty  matter  has  been  employed  at  Rheims  and  St.  Jean  on 
the  Bieler  Lake,  Switzerland.  By  Challeton's  process — 100  cwts.  of  peaty  material 
{veeny  yield  14  to  15  cwts.  of  peat,  containing  about  seven-eighths  less  ash  than  in 
natural  state. 

It  is  evident  that  a  process  of  lixiviation,  however  suitable  in  regard  to  its  application  to 
peaty  mutter,  is,  in  a  certain  sense,  an  irrational  mode  of  treating  a  substance  which  has 
to  bo  nf^iiin  dried  thoroughly,  and  which,  even  after  being  submitted  to  the  several 
operations,  is  not  a  fuel  equal  to  coal.  It  is,  therefore,  a  very  great  improvement  in 
the  utilisation  of  peat-Hoil  that  the  peuty  matter  should  be  treated  in  a  different  manner, 
or  by  the  so-called  dry  compression  process,  as  carried  out  by  Gwynuo  and  Eitcr. 
According  to  this  method  the  peaty  mass  is  first  deprived  of  its  natural  excess  of  water  i>y 
means  of  a  hydro-extractor;  next  pulped,  and  this  pulp  dried  by  artificial  means;  thV 
material  obtained  is  ground  to  powder,  which  is  finally  moulded  with  the  aid  of  btrtia? 
pressure  and  the  simultaneous  application  of  heat.  The  peat  thus  prepared  is  of  a  der-p 
brown-black,  a  hard,  stone-like  material,  excellently  suited  for  use  as  fuel,  especially 
for  manufacturing  and  metallurgical  purposes.  Another  process  of  peat  prej^uration  cou- 
sists  ni  first  cutting  and  drying  the  peat  in  air.  The  air-dried  peat  is  ground  to  a  coarrf 
powder  and  then  dried  in  a  stove.  The  dried  peat  is  moulded  and  pressed  by  means  vi  an 
eccentric  press,  heat  (50°  to  60")  being  simultaneously  applied.  Peats  from  the  K«.U-tr 
moor  (a),  and  from  Haspel  moor  (Z;),  thus  prepared,  were  found  to  contain  in  100  paru:— 


a. 

6. 

Ash     ..      .. 

4-21 

8-34 

Water 

15-50 

15-50 

Carbon 

46-98 

49-82 

Hydrogen  . . 

4-96 

4*35 

Nitrogen    . . 

0-72 
27-63 

26-99 

Oxygen 

loo-oo 

loo-oo 

•  There  is  no  word  in  English  equivalent  to  the  Dutch  Veen,  a  term  applicable  to  all 
soils  which  consist  eitber  entirely  or  chiefly  of  peaty  matter.  There  is  no  equivalent 
term  also  in  Gorman,  but  there  is  in  the  Danish  and  Itussian  languages. 


94*6  kilos,  of 

air-dry  fir  wood. 

1076 

»» 

II 

II 

104-0 

i» 

II 

fi 

1 107 

»« 

II 

II 

33' 2  cubic  metres  of  fir  wood. 

897 

»* 

II 

II 

144-6 

t» 

II 

19 

184-3 

» 

99 

II 
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gzfiMfcot  PMtL      The  combustibility  and  inflammability  of  peat  are,  owing  to  th« 
luge  quantity  of  ash  and  water  it  contains,  less  than  that  of  wood. 
According  to  Karmarsch  the  absolute  heating  effect  of: — 
100  kilos,  of  yellow  peat  = 

100       „       brown     „  = 

100       „       hard       „  = 

100       „       pitch       „  = 

100  cubic  metres  of  yellow  peat  = 
100  „  brown     „    = 

100  „  hard       „     = 

100  .,  pitch      „    = 

These  results  agree  with  those  obtained  by  Brix.    Karsten  states  that  for  eyapora- 
tive  and  boiling  operations — 

2i  parts  by  weight  of  peat  are  =  i  part  by  weight  of  coal 
4   parts  by  Yolume         „         =1  part  by  volume      „ 

According  to  Vogel,  the  evaporative  effect  of  peat  is  the  following : — 

Water.  Eyaporative  effect. 

Air-dry  fibre     10  per  cent  5-5  kilos. 

Machine-made  peat ...  12 — 15    „  5*0 — 55  „ 

Compressed  peat     ...  10 — 15    „  58 — 60  „ 

K«v  Method  of  Dnring  the  last  twenty  years  peat  has  been  employed  for  the  preparation  of 
utuidiigpeat.  paraffin,  peat-creosote,  and  paraffin  oil.  As  far  back  as  the  year  1849,  Reece 
tried  to  utilise  Irish  peat  in  the  preparation  of  paraffin;  and  the  experiments  of 
Drs.  Kane  and  0' Sullivan  proved  that  i  Ion  of  Irish  peat  3'ioldod  about  1*56  kilos,  of 
paraffin,  9  litres  of  paraffin  oil,  and  4*54  litres  of  lubricating  oil.  According  to  Wagen- 
mann,  the  peat  of  the  Isle  of  Lewis,  Scotland,  yields  from  6  to  8  per  cent  tar,  and 
this  again  yields  2  per  cent  of  photogen  or  paraffin  oil,  1*5  per  cent  of  solar  oil,  and  0-33 
per  cent  of  paraffin. 

Carbonised  Peat, 
ouiMnisMPMt.  In  many  parts  of  Germany,  and  of  all  countries  where  peat  bogs 
abound,  the  use  of  peat  as  fuel  is  out  of  all  proportion  to  tlic  enormous  quantity  of 
material  left  imtouchcd  ;  this  is  due  to  the  fact  that  peat  is  as  fuel  in  many  respects 
a  very  inferior  material.  Its  bulk  in  reference  to  its  heating  effect  is  very  large ;  its 
combustion  evolves  a  very  disagreeable  odour  and  pungent  smoke,  so  tliat  peat 
is  therefore  not  suited  for  heating  rooms.  On  this  account  peat  is  carbonised.  As 
peat  varies  greatly  in  composition,  the  carbonised  peat  or  peat-coke  also  varies,  and 
the  composition  of  the  peat-coke  may  be  represented  as  follows : — 

Superior  quality.        Inferior  quality. 

Carbon    86  34 

Hygroscopic  moisture 10  10 

Ash 4  56 

Nothing  is  known  as  to  the  absolute  and  specific  calorific  effect  of  peat-coke,  since 
no  experiments  have  been  instituted.  Ordinary  peat-coke  appears  to  approximate 
charcoal  in  its  specific  calorific  effect,  but  peat-coke  is  otherwise  inferior  to  charcoal 
because  it  is  less  dense,  and  cannot  on  account  of  its  dusty  ash  produce  an  intense 
heat.  Peat-coke  is  not  suited  for  fuel  in  blast-furnaces  or  other  metallurgical  opera- 
tions, but  answers  well  for  heating  steam  boilers,  evaporating  pans,  and  similar 
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apparatus.  But  peat-coke  made  from  compressed  peat  is  a  highly  TalnahlB  fbd  ftv 
metallurgical  operations,  so  that  it  becomes  a  matter  of  importance  to  find  a  meaniaC 
compressing  peat  inexpensively.  In  Holland,  peat,  especially  that  known  as  tpm 
turf,  or  hoogeveensche  turf  is  very  largely  used  for  industrial  purposes,  and  o& 
account  of  not  containing  sulphur  is  used  at  the  Utrecht  mint  for  melting  silver  and 
gold. 

Brown-Coah 
Brown-coai.  This  mineral  fuel  is  also  the  product  of  a  peculiar  decomposition  of 
wood,  but  the  decay  has  in  this  instance  been  more  complete.  It  is  not  easy  to  dnv 
a  clear  line  of  demarcation  between  brown-coal  and  coal,  when  only  the  properties  of 
tliese  substances  are  to  be  considered.  Therefore  the  palaeontological  and  geological 
relations  have  to  be  taken  into  account  when  it  is  required  to  estimate  the  value  of  a 
fossil  fuel.  In  general  it  may  be  said  that  any  fossil  coal  of  more  recent  date  than 
the  chalk  formation  may  be  termed  brown-coal ;  while  all  fossil  coals  found  bebv 
the  chalk  formation  are  really  pit-coal.  As  the  latter  contain  more  nitrogen  than  the 
former,  this  fact  may  be  utilised  in  testing  to  distinguish  between  pit-coal  and  brovn- 
coal.  Brown-coal,  on  being  heated  in  a  dry  test-tube,  yields  fumes  which  exhibit  an 
acid  reaction,  because  brown-coal  is  somewhat  similar  to  cellulose ;  whereas,  if  the 
same  test  be  applied  to  pit-coal,  ammoniacal  fumes  are  given  off  (containing 
ammonia,  aniline,  lepidin,  &c.),  which  exhibit  an  alkaline  reaction.  When  finelvpnl- 
verised  pit-coal  is  boiled  for  some  time  with  a  rather  concentrated  solution  of  caoatie 
potash,  the  fluid  remains  colourless :  but  when  brown-coal  is  similarly  treated, 
tlie  liquid  becomes  brown*  coloured  by  the  formation  of  humate  of  potash.  Tliis  lest 
does  not,  however,  apply  to  the  brown-coal  found  in  the  tertiary  formation  of 
tlie  northern  slope  of  the  Alps.  E.  Richter  and  Hinrichs  state,  that  when  pit-eoali 
are  dried  at  115^  and  caused  to  lose  a  very  small  quantity  in  weight,  this  loss  dia^ 
pears  again,  in  consequence  of  an  oxidation  which  takes  place ;  while  if  brou-n-coal 
is  so  treated,  the  subsequent  increase  in  weight  is  not  observed. 

According  to  the  various  degrees  of  decay,  several  kinds  of  brown-coal  art 
distinguished: — i.  Fibrous  brown-coal,  fossil  or  bituminous  wood,  lignite,  is  smiilar 
to  wood,  the  structure  of  stem,  branches,  and  root^  being  apparent.  2.  Common 
brown-coal  forms  compact  brittle  masses,  exhibiting  a  conchoidal  fracture.  3.  Earthy 
brown -coal  is  a  mixture  of  brown-coal  and  eartliy  matter.  In  several  piu^  of  Gtr- 
muny  and  tlie  Austro-Hungarian  Empire,  brown-coal  of  excellent  quality  is  found 
especially  suited  for  the  purpose  of  preparing  paraffin  and  paraffin  oils. 

Brown-coal  is  frequently  found  mixed  with  the  rhombic  variety  of  iron  pyrites.  When 
that  mineral  and  eartliy  matter  predominate,  there  is  formed  what  is  termed  alum- 
shale,  under  wliich  name,  however,  is  also  known  a  kind  of  clay  mixed  wiUi  bitumen 
and  iron  pyrites.     The  average  quantity  of  ash  contained  in  brown-coals  amounts  to 
5  to  10  per  cent.     The  ash  contains  chiefly  alumina,  silica,  lime,  magnesia,  oxides  oC 
iron   and  mauganeso ;   while  the  quantity  of  hygroscopic  moisture  in  freshly  uu;; 
brown-coal  may  amount  to  50  per  cent.     The  substauce  contains  in  air-dry  sUi* 
20  per  cent  water,   and  the   average   composition    of  \>Town-coaI  may  tiieiefow 
be  quoted  as : — 

Carbon      >V^-5^  ipex  cent. 

Hydrogen '''^  ^    *  »» 

Chemically  combined  water '*'^        -^^    3**  »» 

Hygroscopic  water ^  *^  *• 


CarboxL 

Hydrogen. 

Oxygen. 

5265 

5-25 

42-10 

6044 

596 

3360 

6696 

5-27 

2776 

74-20 

5-89 

19-90 

7618 

5-64 

1807 

9050 

505 

4-40 

9285 

396 

319 

y,8  CHEMICAL  TECHNOLOQY. 

simplest  view  is  that  a  peculiar  kind  of  decay,  aided  l^  the  internal  heat  of  thi 
eartli,  and  modified  by  the  pressure  of  superincumbent  rocks  and  sedimentuy 
deposits,  has  taken  place  among  the  plants,  which  have  been  gradually  convertfld 
into  a  more  or  less  pure  carbon.  Hence  anthracite  is  a  nearly  pure  carbon ;  whili 
the  diifereiit  varieties  of  coal  wliich  contain  bituminous  and  volatile  matter  tre 
less  completely  decayed.  The  hydrogen  and  oxygen  escape  in  combination  with 
carbon  as  marsh-gas  and  carbonic  acid  and  as  petroleum.  Anthracite  must  be  viewed 
as  the  final  product  of  the  slow  process  of  decay  through  which  brown-coal  and  pit- 
coal  pass. 

Cellulose •     •••     •••     •••     ••• 

Peat  from  Vulcaire     

Lignite         • •••     ••• 

!Earthy  brown-coal     

Coal  (secondary  formation)       

„     (coal  „       )       •••     •••     ••• 

Anthracite    •••     •••     •. 

Tlie  most  important  explored  coal  deposits  in  Europe  are: — In  England:*  TbA 
South  Wales  coal  formation  extending  over  an  immense  area ;  the  StafiTordshire  and 
Yorksliire  coal  basins,  tlic  latter  of  which  stretches  to  the  Durham  and  Northum- 
berland basins,  and  these  again  to  tliose  met  with  in  tlie  Southern  parts  of  Scotkiu]. 
2.  lu  Belgium :  The  basin  of  the  Maas,  near  Li^ge,  and  those  of  the  Sambre  and 
of  Mons.  3.  In  France  :  The  basins  of  the  Loire,  of  Valenciennes,  of  Creuzot  and 
Blauzy,  of  Aubin,  of  Alais.  4.  In  Germany :  The  Silesian  coal  basin,  those  of  th« 
Saar,  of  the  Ruhr,  a  tributarj'  river  of  tlie  Rhine,  the  basins  near  Zwickau  and 
Plauen,  &c.  5.  In  Austria :  tlio  Boliemian  coal  basin  at  Pilscn,  and  those  d 
Brandau  and  Sclilan.  Tlie  largest  of  tlie  European  coal  deposits  or  basins  is  very 
small  compared  witli  those  situated  in  North  America.  The  largest  of  the  Amerioin 
deposits  is  that  which  stretches  from  near  Lake  Erie  to  the  Tennessee  river,  tlirooiib 
tlie  states  of  Pennsylvania,  Virginia,  Kentucky,  Teunessec,  and  known  as  the 
Apalachian  coal  field.  The  coal  fields  of  Illinois  and  of  Canada  arc  not  much 
smaller. 

AcccH-ory  con^tit^cnu  jron  pyritcs,  or  muudic,  as  the  pitmen  term  it,  is  in  the  tesseral 
or  in  the  rhombic  sliapc,  a  very  common  accessory  constituent  of  coal,  which 
by  being  impregnated  with  this  material  ma}'  not  only  become  unfit  fur  use  m 
certain  operations,  but  is  liable  to  crumble  to  dust,  as  is  the  case  witli  many  kinds  of 
the  Welsh  coals  which  are  tliorouglily  incorporated  ^dth  pyrites,  because  the  nyrlifS 
on  coming  into  contact  witli  air  are  oxidised  and  increase  in  bulk,  forcing  the 
coal  asunder.  This  oxidation  may  become  so  active  as  to  give  rise  to  spontaneona 
combustion  of  the  coal  even  in  the  seams.  Galena,  copper  pyrites,  and  black-jack 
(native  black  sulphuret  of  zinc),  also  occur  occasionally  in  coal.  Amonj:^  tlie  earthy 
minenils,  carbonate  of  lime,  g>'psum,  heavy  spar,  clay,  ironstone,  and  blackband  «aii 
iron  ore.i.  are  frecjuently  met  witli. 

ciaMification  of  Coals.  Abroad  coals  are  classified  with  respect  to  tlieir  behaviour  imder 
combustion,  as — i.  Caking  coals,  which  on  having  been  reduced  to  powder  and  thfu 

•  The  yiold  of  coals  in  great  Britain  is  annually  increasing,  for  in  i860  it  amounted  to 
80  millions  of  tons  ;  in  18G8  to  104  millions  ;  in  1869  to  io8  millions ;  and  in  1870  to  113 
millions  of  tons. 
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ignited  in  a  closed  crucible  to  red  hcat»  cake  together.  2.  Sintering  coals,  the 
powder  of  which  agglutinates  without  fusing.  3.  Sandy  coals,  the  powder  of  which 
neither  cakes  nor  agglutinates  when  ignited.  In  England  coals  are  usually  classihed 
as — I.  Gas  coal.    2.  Household  coal.    3.  Steam  coal. 

Comparing  the  elementary  composition  of  the  coals  witli  tlieir  chemical  and 
physical  properties,  it  appears  that  caking  coals  contain  a  bitumen  consisting  of 
carbon  and  hydrogen  ready  formed,  or  what  is  more  likely  formed  at  a  high  tem- 
perature. The  larger  quantity  of  oxygen  present  in  sintering  coals  causes  less 
bitumen  to  be  formed;  while  in  sandy  coals  a  still  smaller  quantity  of  bitumen 
is  formed.  The  most  recent  researches  on  coal  disprove  tlie  opinion,  tliat  with 
an  increase  of  the  quantity  of  oxygen  the  caking  should  decrease,  and  that, 
consequently,  the  coals  which  contain  tlie  largest  quantity  of  oxygen  should  be 
sandy  coals.  Coals  exhibiting  almost  the  same  elementary  composition  behave  very 
differently  when  exposed  to  heat.* 

Anthndte.  Tliis  carbonaccous  mineral  is  to  be  considered  as  the  final  product 
of  the  process  of  decay  which  has  converted  plants  into  coal.  Anthracite  is  found 
in  the  metamorphic  rocks  deposited  in  seams  between  clayey  slate  and  greywacke, 
also  between  deposits  of  mica  slate.  Antliracite  is  amorphous  and  thereby  distinguished 
from  graphite;  it  is  deep  black  coloured,  brittle,  exhibits  a  conchoidul  uneven 
fracture,  bums  with  a  scarcely  luminous  flame,  and  witliout  producing  smoke. 
It  does  not  become  soft  in  the  fire,  but  frequently  decrepitates. 

Jacquelain's  analysis  of  several  anthracites  led  to  tlie  following  results : — 


, 

Carbon. 

Hydrogen. 

Oxygon. 

Nitrogen. 

Ash. 

From  Swansea 

90-58 

360 

3'8i 

029 

172 

y,     oaoie       •••     •••     •••     •••     ••• 
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2*49 
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6-90 

„     ViziUe     

94-09 

1-85 

»» 

2-85 

190 
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94-00 

1*49 
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Anthracite  is  an  excellent  fuel  for  many  purposes,  and  yields,  especially  with^the 
blast,  a  very  strong  heat.  It  is  tlierefore  largely  used  in  Wales  in  metallurgical 
operations,  for  burning  lime  and  bricks,  and  in  stoves  for  household  purposes. 
In  Pennsylvania,  antliracite  is  met  with  and  used  largely  in  the  reduction  of  iron 
ores". 

coinxCoA].  In  addition  to  its  behaviour  imder  combustion,  tills  coal  is  charac- 
terised by  its  deep  black  colour,  ready  inflammability,  and  by  j'ielding  when  heated 
in  closed  vessels  a  compactly  fused  coke.  Designating,  with  Fleck,  the  quantity  per 
cent  of  carbon  in  ash-free  coaly  matter  as  C,  the  free  hydrogen  as  Wj,  the  combined 
hydrogen  as  \V,  the  oxygen  and  nitrogen  as  S;  tlien  (C+(\V+Wi)-f-S=ioo). 
Wx  is  found  by  calculation  on  the  supposition  that  8  per  cent  oxygen  holds  in  com- 
bination I  percent  of  hydrogen;  consequently  Wi=S;  and  tliis  deducted  from  the 
total  quantity  of  hydrogen,  gives  as  diflercncc  the  free  hydrogen  =W.  The  caking 
property  of  a  coal  is  due  to  the  proportion  tliat  upon  100  parts  of  carbon  there  should 
not  be  less  than  4  of  hydrogen.  Caking-coals  are  especially  suited  for  gas  manu- 
facture, though  Fleck  designates  as  such,  in  the  widest  sense,  all  coals  containing 
upon  1000  parts  of  carbon  at  least  20  of  combined  hydrogen.  But  as  the  value  of 
such  a  gas-coal  depends  upon  the  free  hydrogen,  which  with  carbon  will  yield  volatile 

•  E.  Biohters  has  recently  described  a  method  for  the  comparative  determination  of 
different  kinds  oi  coal.     See  Dingler's  Polyt.  Journ.,  vol.  195,  p.  72. 
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hydrocarbons,  for  the  purpose  of  rendering  tlie  flame  luminous,  coal  containing  upn 
I  DO  parts  of  carbon  2  parts  of  combined  (or  fixed)  and  4  of  free  or  dispotaUt 
hydrogen  may  be  considered  as  the  best  gas  coal  and  the  strongest  caking  coaL 

Because  tliey  contain  a  larger  quantity  of  hydrogen  than  other  kinds  of  ootk, 
caking  coals  are  more  readily  inflammable  and  evolve  the  strongest  flame.  Stron^j 
caking  coals,  however,  are  not  well  suited  for  use  as  fuel  by  themselves,  owing  to  the 
fact  that  by  the  fusion,  as  it  were,  they  undergo,  they  greatly  impede  access  of 
air  at  the  open  fire-bars.  Caking-coal  is  an  excellent  fuel  on  the  forge-heaith. 
because  by  caking  together  it  forms  a  receptacle  for  the  blast  from  the  bellows,  and 
increases  the  heating  eflect.  The  peculiar  kind  of  small  coal  used  by  blacksmiths  is 
known  in  the  French  language  as  charhon  de  forge,  houille  marichale,  and  is  in 
England  termed  smithy-coal. 

Sandy-coal  is  the  poorest  quality.  It  contains  much  oxygen,  suffers  giwt 
contraction  when  converted  into  coke,  leaving  a  sandy,  small  coke.  Tills  kind  of 
coal  contains  less  than  4  per  cent  of  free  hydrogen ;  it  is  used  as  fuel  for  burning 
bricks,  lime,  and  for  similar  purposes  where  a  cheap  fuel  is  required. 

Sintcring-coal  exhibits  an  iron-grey  colour,  is  frequently  very  lustrous,  far  less 
readily  ignited  than  caking-coal,  often  contains  much  pyrites,  and  is  employed  where 
a  strong  and  lasting  heat  is  required.  It  is,  therefore,  used  industrially  on  the  large 
scale  as  a  steam  coal,  as  fuel  for  metallurgical  purposes,  kc.  This  kind  of  coal 
yields  only  a  small  quantity  of  gas,  and  when  burnt  for  coke  in  coke-ovens  it  is 
scarcely  changed  in  bulk,  yielding  a  loose  somewhat  porous  coke.  100  parts  of  the 
combustible  portion  of  this  coal  contain  less  than  4  parts  of  free  and  loss  than  2  parts 
of  combined  hydrogen.  Some  kinds  of  anthracite  belong  to  this  class  of  coal ;  bnt 
the  real  autliracite  is  to  be  viewed  as  a  native  coke  produced  in  a  peculiar  manntr, 
not  conipurable  with  the  process  of  coke-making  as  carried  on  industrially. 

The  pliysicul  properties  of  coal  may  be  judged  from  tlio  quantity  of  hydrogen 
contained,  and  we  find  that : — 

Caking  coals  contain  upon  100  C,  more  than  4  Wx.  less  than  2  W. 

Gas  and  caking  coals  „  „  100  C,  „  „  4  AVj,  more  than  2  W. 
(las  and  sandy  coals  „  „  100  C,  less  than  4  Wj,  „  „  2  W. 
Sintering  coals  „        „      100  C,     „      „     4  Wj,  less  than   2  W. 

Assuming  coals  to  contain  on  an  average  5  per  cent  of  hygroscopic  and  5  per  cent 
of  chemically  combined  water,  the  average  composition  is : — 

Carbon    69 — 78 

Hydrogen       3 —  4 

Chemically  combined  water  and  hygroscopic  water        13 — 23 

Ash 3 

The  composition  of  the  ash  varies,  greatly  depending,  not  only  as  regards  quality, 
but  also  the  quantity  of  the  constituents,  upon  a  variety  of  causes,  among  which  the 
gpolofrical  age  of  the  coal,  the  formation  in  which  it  is  found,  and  others,  hav<»  gn^at 
influence.  The  ash  consists  chiefly  of  an  alumino-silicate,  or  of  gA'psum  anJ 
sulphuret  of  iron,  mixed  with  larger  or  smaller  quantities  of  lime,  magnesia,  carlwoic 
acid,  oxides  of  iron  and  manganese,  with  veiy  small  quantities  of  chlorine  and 
iodine.  Ash  which  contains  much  alumina  and  little  silica  is  infusible.  Ash  con- 
taining mucli  silica,  but  not  any  or  only  a  small  quantity  of  oxide  of  iron,  sinters 
but  does  not  fuse ;  but  ash  which  contains  oxide  of  iron  and  alkaline  silicates  readily 
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fonns  a  slag,  and  may  give  rise  to  loss  of  fuel  by  enveloping  the  particles  of  coal.  The 
quantity  of  ash  found  by  incinerating  coal  in  a  small  crucible  varies  from  05  to  20 
and  30  per  cent.  By  washing  coals,  small  coal  especially,  a  portion  of  the  mineral 
matter  may  be  eliminated. 

caioiifleEtet.     The  Subjoined  table  exhibits  for  average  coale  the  calorific  effect, 
specific  gravity,  and  composition : — 


Anthracite. 

Caking  ooaL 

Sintering  ooaL 

Sandy  Coa] 

Composition : — 

• 

Carbon       

85 

78 

75 

69 

Hydrogen 

3 

4 

4 

3 

Chemically    com- 

bined water   ... 

2 

8 

XX 

x8 

Hygroscopic  water 

5 

5 

5 

5 

5 

5 

5 

5 

Calorific  eflect:— 

Absolute     

0*96 

o*93 

089 

071 

Specific       

144 

117 

116 

ro6 

Pyrometric 

2350' 

23CX)* 

2250" 

2100' 

I  part  reduces  lead 

26—33 

23—31 

19—27 

21—31 

I   part  heats  water 

from  0° — 100 

60-5-747 

52-87— 2-0 

4406 — 1*6 

500 — 7 10 

Sp.  gr 

1-41 

113—126 

I  13— 1*30 

205— 134 

It  is  assumed  in  practice  that  tlie  heating  effect  of  a  good  coal  is  very  nearly  that 
of  wood-charcoal,  and  twice  that  of  dry  wood.  In  smelting  operations  the  lieating 
effect  of  coals  is  taken  by  bulk  to  that  of  wood  by  bulk  as  5  :  i,  and  by  weight  as 
15:8.    According  to  Karsten's  researches : — 

zoo  parts  by  bulk  of  coal  in  the  reverberatory  fomace  =  yoo  parts  by  bulk  of  wood. 
100    „      by  weight    „  „  „  „      =250    „    by  weight  of  wood. 

In  boiling  operations : — 
100  volumes  of  coal  =  400  volumes  of  wood  =  400  volumeg  peat. 

100  pai-ts  by  weight  of  coal  =160  parts  by  weight  of  wood  =  250  parts  by  weight  of 
peat 

'^'SfcSJ^"***      This  forms  the  most  important  industrial  investigation  which  can 
be  made  with  coals.    In  order  to  ascertain  the  evaporative  effect,  we  must  know — 
1.  The  quantity  of  hygroscopic  water  contained.     2.  The  quantity  of  ash  or  non- 
eombustible  matter  it  contains.    3.  The  composition  of  the  organic  matter. 

As  Hartig's  experiments  have  proved  tliat  the  evaporative  eflect  of  the  organic 
matter  of  coal  is  tlie  same  for  nearly  all  kinds  of  coal  (=  8*04  to  8*30  kilos,  of  stt  am), 
the  evaporative  effect  of  any  given  'uunple  of  coal  can  be  ascertained  by  estimating 
the  quantity  of  water  and  ash  it  contains.  According  to  W.  Stein,  the  pnictical 
evaporative  ef!iect  on  the  large  scale  may  be  taken  as  equal  to  two- thirds  of  that 
which  has  been  calculated  from  the  chemical  composition  of  the  coal.  The  practical 
evaporative  effect  of  the  coals  in  use  in  Southern  Germany  is,  according  to  laboratory 

experiments  and  experiments  made  on  the  large  scale,  the  following : — 
47 
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Practical 
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The  average  evaporative  effect  of  the  Hartley  steam  coals  is  14  lbs.  of  water  for 
I  lb.  of  coal. 

Boghead  cotL.  Tlils  mineral,  also  known  as  Torbane  Hill  coal,  fonnd  in  the  neigh- 
bourhood of  Bathgate,  a  town  situated  between  Edinburgh  and  Glasgow,  belongs, 
with  the  blattcl-coal  of  Bohemia,  to  a  peculiar  fossil  fauna,  and  is  especiallj  suited 
for  the  manufacture  of  paraffin  and  oils,  owing  to  the  large  quantity  of  bituminous 
matter  it  contains.  Boghead  coal  is  now  solely  employed  in  the  preparation  of 
paraffin  and  oils ;  and  the  supply,  which  is  very  limited,  because  the  seam  is  ilmost 
exhausted,  has  been  secured  by  Mr.  Young,  of  Bathgate  Works. 
100  parts  of  Boghead  coal  contain : — 

Carbon 

Nitrogen     ... 

Hydrogen   ... 

Sulphur 

Oxygen 

Water 

Ash      

Boghead  coal  was  formerly  employed  for  gas-making,  i  ton  yielding  15,000  cubic 
feet  of  a  highly  illuminating  and  very  durable  gas.  Many  varieties  of  the  Scotch 
cannel-coals  are  suitable  and  are  used  for  the  preparation  of  paraffin  and  oils,  and 
have  therefore  so  greatly  increased  in  price  that  these  coals — the  Wemyss,  Eigsid^, 
and  others — are  now  seldom  employed  for  gas  manufacture. 
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Petroleum  as  Fuel, 
pctroicam  an  Fad.  Native,  as  wcll  as  artificially  prepared  petroleum,  is,  under  certiin 
conditions,  a  very  valuable  heating  material.  The  sp.  gr.  of  this  oil  varies,  at  0', 
from  0786  to  0*923,  while  its  coefficient  of  expansion  for  1°  varies  from  oocxnj  to 
o'ooo868.  The  experiments  as  to  the  application  of  petroleum  as  fuel  for  marine 
purposes  in  America  liave  proved  that  petroleum  is  tliree  times  more  efficient  tliin 
coal ;  and  as  the  complete  combustion  of  petroleum  does  not  produce  smoke,  bnt 
simply  evolves  carbonic  acid  and  watery  vapour,  a  tall  chinuiey  is  not  required. 
Coals  may  be  burned  in  marine  boilers  with  the  same  effect,  proved  by  a  series  rf 
experiments  made  about  fifteen  years  ago,  on  the  large  scale,  by  the  late  I>r.  Rich- 
ardson, of  Newcastle-upon-Tyne,  in  conjunction  with  Messrs.  J.  A.  Longridge  and  Sir 
William  Armstrong.  As  petroleum  contains  14  per  cent  of  hydrogen,  the  condensi- 
tion  of  the  gases  of  combustion  yields  a  largo  quantity  of  water  which  may  serve  fcr 
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feeding  the  boilers,  while  the  heat  thus  set  free  may  be  employed  for  the  purpose  of 
heating  the  feed-water.  According  to  H.  DeviUe,  there  is  no  difficulty  in  regulating 
the  supply  of  petroleum,  and  it  is  not  necessary  to  heat  it  previously.  According  to 
Fr.  Storer,  i  kilo,  of  crude  petroleum  evaporates  10*36  kilos,  of  water,  while  i  kilo, 
of  antliracite  coal  evaporates  only  5*1  kilos,  of  water.  The  theoretical  evaporative 
effect  of  the  purest  petroleum  is  18*06  kilos.,  as  may  be  deduced  irom  the  percentage 
composition  of  petroleum,  viz. : — 

C     ...    0-86     ...      8080=6948 

H    ...    014   ...  34,462=4824  ii:ZZ£=  1806 kilos. 

11,772  units  of  heat ;       652 

The  heating  effect   of  different  kinds    of  petroleum  has  been  ascertained  by 

H.  Deville  (1866—1869)  to  be  as  follows:— 

Heavy  oil  from  West  Virginia     ...     . 

Light  oil  from       „  „  ...     . 

Light  oil  from  Pennsylvania        ...     . 

Heavy  oil  from  Ohio     

Oil  from  Java  (Rembang)     

Oil  from  Java  (Cheribon)      

Oil  from  Java  (Soerabaya) 

Petroleum  from  Sckwabwiler  (Alsace) . 

Petroleum  from  East  Oalicia       ...     . 

Petroleum  from  West  Galicia      ...    . 

Crude  shale  oil  from  Autun  (France). 

More  recently,  R.  Foote,  Wyse,  Field,  Aydon,  H.  Deville,  Dorsett,  and  Blyth,  have 
constructed  petroleum  furnaces  suitable  for  steam-boilers,  which  answer  the  purpose  well. 
Petroleum  lamps  are  used  abroad,  instead  of  spirit-lamps,  for  domestic  purposes,  viz., 
heating  tea-  and  coffee-urns,  tea-kettles,  &o. 

Coke. 
oidce.      By  coke  we  generally  understand  carbonised  coal ;  and  in  England  there  is 
no  mher  description  of  coke  than  oven-  and  gas- coke,  referring  of  course  to  the  mode 
of  production. 

Coke  is  prepared  for  the  purposes : — i.  Of  increasing  or  rather  concentrating  the 
quantity  of  carbon  in  coal,  and  thus  to  obtain  a  fuel  wliich  will  yield  a  more  intense 
heat  tlian  coal.  2.  For  the  purpose  of  converting  coal  into  a  fuel  deprived  of  its 
volatile  constituents,  so  as  to  obviate  the  unpleasant  smell  emitted  by  the  combustion 
of  coal  when  used  to  heat  rooms  in  dwelling-houses.  3.  For  the  purpose  of 
converting  coal  into  a  fuel  which  does  not  become  pasty  when  ignited,  coal,  in  con- 
sequence of  this  property,  being  unsuitable  for  use  in  blast,  cupola,  and  otlier 
furnaces.  4.  For  the  purpose  of  eliminating  from  the  coal  a  portion  of  the  sulphur 
contained  as  pyrites.  Before  being  converted  into  coke,  coal,  and  especially  small 
coal  or  coal  mixed  with  slaty  shale,  fire-clay,  and  other  heterogeneous  mineral 
matter,  is  washed,  as  it  is  technically  termed,  the  operation  consisting  in  a  process  of 
purification  by  means  of  suitably  constructed  machinery,  and  the  aid  of  a  stream  of 
water,  the  rationale  of  the  process  being  that  the  mineral  matter,  wliicli  is  about 
three  times  heavier  than  the  coal,  is  deposited.  The  machinery  in  use  for  this 
purpose  is  similar  in  construction  to  that  employed  for  wasliing  metallic  ores.  By 
this  method  of  purifying  coal,  the  quantity  of  ash  (mineral  matter)  it  contains  may  b« 
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i-educecl  from  to  or  12  to  4  or  5  percent ;  but  it  shoulii  be  borne  in  mind  tlmt  7  tn  i 
cent  of  the  coal  is  lost  as  dui^t.     BefiBotiK^r  has  e^a^^e^icd  llje   nti«  of  «  ^oltl 
of  cliloride  of  caldum.  ff^?  coucentriitvd  that  the  co»l  luay  Hoat  uo  iti;  :>iirf« 
the  mineral  iimtUT  will  aiiik.     The  re»idiie«  of  eoal-wii^Liug  mar  coiil^Lin 
iron  pyritc'B  an  to  be  Ivt  for  use  in  the  pn^paralion  of  sulphuric  add  f»ee  p,  soju 
The  operution  of  coking  is  eurried  on  in  heaps,  in  oven^,  or  in  relort^i ;  litti  ; 
hitter  cn^  the  ohjei^l  ia  not  so  much  to  prepare  coke  as  to  obtain  gas.  tar»  aiMt 
products  fri»m   co^l.     The  construelian  of  coke-ovens  according   to   Kmib» 
admits  of  oblainiug  fvi>m  the  coal,  tar,  ftinmoniacal  water,  and  other  voIaiil«r  pr^«dil 

Coh  mt  Ui  hmi.«.       This  metluHl  of  conrerting  cwal  mt«  cuke  is  Tery  siiuilar  to  til 
for  ctvnvertiug  wiK»d  iut*»  t-harcoul;  but  the  central  bhaft,  1  to  1*5  metre>5  in  hfi| 
this  inwlAnft*  made  of  fire- bricks,  having  a  diameter  of  03  metre,  and  pror 
■everal  lateral  air-hole^,  Fig,  313,  by  means  of  which  the  mass  of  coals  is  broa 
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connexion  witlt  tlie  cenlrftl  nhaft.     The  lAr^oft  lumps  of  coal  nre  phteed  oeit  lr»  ibr  1 
beini?  tilled  np  with  j^JuaU  coal.  tefhTiicnUy  tornied  cindci^  and  culm.     Al   iho  U 
the  hcop  channelM  ure  ci»ri>itrncted  mdinting  tuwardR  the  centre*    The  bottoiu  ♦»{  ( 
is  filled  with  dry  wi»uiU  wtiich  is  kindled  from  the  top.     Th*»  op*'nmj*  nt   t!ir  Ui 
f lotted  with  thp  iron  caver  tiitod  to  the  n)mii  «k  |f>nf;  n^ 
ooal  is  emittfHl.    \Vh»'n  rn*  mr  re  smoke  is  emiitfd,  the  air 

nre  stripped  with  wet  f*and  and  coiil-dust.     In  England  il^- i>nnnv^   .m    hi»    ^1.    .  1    jf  | 
hastened  hv  ponring  on  cold  water,  whereby  a  greater  degree  of  de^ulphntuitfn  •  H 
coke  is  oh  turned. 

couiur ld ovthd*        In  tlie  present  Any  coal  it  converted  into  coke  almost  liiLcltiiif 
ovens  conn tructed  for  this  ptirpoie  ;    becniise  it  has  been  found  that  1 
ovens  the  operation  i^  more  readily  conducted,  while  a  larger  qufiutH'v 
qtirtlitv  of  coke  ore  ohtuincd.     As  regnrds  the  conRtrncTion  of  roke-orenj*,  »on 
80  built  llmt  the  j^a^es  and  vapours  evolved  during  the  operation  of  coking,  i 
TH'ithout  being  utiUsed.     Olhera  again  are  so  arranged  that  the  eotnbnstibl^i  | 
employed  ns  fuel  for  cokinia:  the  coal,  or  as  fuel  for  stcam-troiJers  or  nther  ] 
Til  is  kind  of  oven  is  constructed  with  or  without  ndmisriion  of  nir      T^ 
class  belongs  Appolt's  pokeoven,  which  is  cssintinlly  similar  to  a  \ 
fitted  Avith  aperturcH  A^r  the  exit  of  the  evolved  ^n^eons  matter.     • 
itgain  are  so  conslriti^ted  that  the  tar  and  vcdntile  products  of  llie  dry  distil 
tlie  coal  may  be  condensed,  collected,  and  utjliRed.  Knab's  coke-oven  Is  thufll 

Among  the  coke-ovens  of  older  constrtiction   is   one,  Fig,  514.  in  ti»e  «tl 
Gleiwilz  ironworks  in  Silesia,      a  is  the  body  of  the  oven   or  kilo, 
openings,  000.  which  cfln  bo  closed  by  dampers  or  iron  pluj^s  :  simtlnr  -. 
made  in  the  Ijoitnm  of  tlie  oven.     The  top  of  tlie  kiln  ia  vaulted,  with  ibv  la^' 
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,  ft,  \vlut4i  ac-^rves,  ns  well  as  the  Ititerftl  doorway,  a,  for  tlie  introduction  of  the 

The  laj-ge  lumps  are  placed  tit  the  bottom  of  tlie  kiln,  which  is  entirely  tilled, 

(  tlie  exce|»tioii  of  a  small  t^pacc  Upwards  the  top  of  I  he  doorway,  left  fur  tjie  pui'- 

j  of  tlu\>wiriK  111  ix^iittjtl  conis.     The  door\v»3%  a,  ia  bricktui  up,  only  a  ssniall  rhatmel 

tug  h?Xt  for  thu  hitroductiou  of  the  ignited  cuah    /is  an  irou  pipe  for  carrying  off 

I  vulatiio  proiiucts  of  the  smouldering  t>f  the  coals ;  d  la  an  iron  lid  littin|4  tightly 

be  opening  b.     At  tlje  commencement  of  the  operiition  all  the  openings  of  the 

rai,  excepting  those  at/nnd  tliose  at  tlie  bottom,  are  closed  j  and  as  soon  as  there 

appears  at  tlie  lower  apertures  an  orange-coloured  glow,  Uiese  openings  are  closed, 

mnd  iJjose  of  the  next  row  op*^ned,  and  kept  op<?n  for  about  ten  hours;  tlie  third  row 

of  openings  being  then  unplugged  and   krpt  open  for  sixteen  hours ;    iinaily,  the 

^Bpith  row  is  opened  for  about  three  hours,  after  which  the  oven  is  left  to  cool^ — all 

^Minings  being  piugged^for  twelve  hours.     The  door,  t,  is  then  broken  up,  and  tlie 

^■te  dm>\"n  from  the  oven  by  means  of  iron  rakes.    This  description  of  oven  contains 

35  to  40  cwta.  of  coal,  and  the  average  yield  of  coke  is  53  per  cent  by  weight  and 

,  74  per  cent  by  bulk.     The   gases   and   vapours  issuing   from  /  are  cai'ried  to  a 

^feildenser*     i  cwL  of  coals  yiehls  10  litres  of  tar. 

^^The  coking  of  small  coal,  culm,  coal-dust,  either  previously  washed  or  not, 
IS  carried  on  in  ovens  similar  in  construction  to  those  used  for  bread -baking-  Small 
coal,  especially  of  the  caking  quality,  yields  excellent  coke,  and  in  many  instances, 
this  furd  is  now  guaranteed  not  to  contain  more  than  6  per  cent  of  ash,  Thfl  mode 
of  construction  of  coke  ovens  for  small-coal  coking  diiTei-^s  in  various  countries, 
fig-  315  exhibits  a  vertical  section  of  such  an  oven  in  use  by  the  Leipzig- Dresden 
lilway  Company,  The  cokiiig-room.  a,  is  3'3  metres  higli.  The  doorway,  tf, 
iietre  high  and  wide,  can  be  closed  with  an  iron  door,  provided  at  the  top  with  four 
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[  lioles.    The  cliimney  stalk,  h,  is  rather  more  than  i  metre  high.    At  each  side  of 

i  dooiway  an  iron  book,  e,  is  fixed,  for  Uie  purpose  of  supporting  the  rakes  used 

[  the  labourers  when  drawing  tlie  coke.     In  this  description  of  oven  50  Dresden 

bels*  of  small  c*ial  and  coal-dust  are  converted  into  coke  in  seventj'-two  hours* 

>  coke  obtained  is  very  compact ;  but  if  the  oven  be  liglitly  tilled,  a  more  spongy 

ke  ia  the  result.      Fig.  316  exhibits  the  construction  of  the   coke-oven  at  tlia 

<Z«ukerodc  colliery,  near  Dresden.     The  bottom  or  hearth  of  the  coking-kiln  ia  of  a 

puliir  shape  slightly  incHned  towards  the  doorway,     Tlie  widtli  of  the  hearth 


•  I  Dresden  boshel  =  i03'8  litres. 
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■Jid  of  the  air  rufihing  in  &ifj\    The  lieat  produced  hy  this  combuataon  converta  Uie 
coals  into  ooke,  and  tJie  products  of  the  combustion  iire  carried  off  tlirough  the  ' 
channels  ^  tmd  h.      The  dampers,  n,  serve  to  regtilate  tlie  draught.     The  channels  j/ 
commimicattJ  with  the  hori^touUi  channel^  1,  thia  diatmels  h  witli  the  channel  j ; 
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fhe  chaniicla  i  and  j  are  carried  into  the  chimney  Btalk,  k.    The  corapartmonts  of 

Uhti  kiln,  Fig,  319.  are  united  at  the  top  by  a  contraction  of  the  brickwork,  leaving  to 

lea<?h  only  a  small  opening,  closed  by  a  cast-iron  lid,  tilted  with  an  iron  tube  for  tlie 

Emrpose  of  conveying  a  portion  of  the  gases  and  volatile  matt<*r.    On  Uie  top  of  the 
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mils  are  |iiji<:«  d.  tm  wlurh  an  nan  truck  runs,  laden  with  the  charge— 25  cwts* — 

^      ich    compartment,       Tiie    coals    are    diacharj^^ed    into  the   compartments  by 

•ening  a  trap-door  in  the  bottom  of  the  truck.     Under  the  vaulted  brickwork,  U, 

Qi_t}ie  oven,  trucks  can  be  run  for  the  purpose  of  being  laden  wiUi  the  coke. 
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In  order  to  s^t  the  or  en  in  operation  dry  wood  is  thrown  into  Uie  i 
ihiA  Laving  been  Icindled,  cauls  are  tlirown  upon  it.     Tbe  interior  (»f  tb«  artok 
becomes  hot  bj  the  combustion  of  tlie  gftses  isauing  from  the  opemsge  e*     Wba  \ 
beat  of  the  oven  is  sufficient  to  effect  the  decoropoeition  of  the  cohXb  and  th€  i 
tion  of  the  Tolatiliaed  products,  the  compartments  are  charged,  the  inm  lid 
tightlj  luted  to  tlie  top  with  clny.     The  charging  is  so  conducted  tlutt  the  1 
QOmpartments  of  the  oven  are  fdled  in  twenty-four  hours,  after  which  tlie  coke  ta  ( 
first  compartment  is  ready  for  being  drawn,  and  fresh  coal  put  in^  an  operation  mh 
is  continued  every  second  hour.   As  inj»y  be  expected  fitmi  the  mode  of  cotisti 
Appolt^s  coke-oven  is  rather  expensive  in  the  first  building,  tJbe  cost  abrund  1 
about  -£*6oo,  while  an  ordinary  coke-oven  may  be  bnilt  for  X72  to  £120;  but  Af 
oven  yields  daily  about  340  cwts.  of  coke — ^66  to  67  per  ceot  from   Duttweil 
whicli  in  ordinary  coke-ovens  yields  only  61  per  cent.     It  should  be  mentioned*  I 
with  Appolt's  ovens,  tlie  coke  from  the  inner  and  outer  compartments  is  not  of  \ 
same  quality  and  compactness,  owing  to  the  higher  degree  of  heat  preT&Uiiig  ia  i 
former. 

We  may  mention  briefly  the  following  oontrivaucea  for  1  -  coke,  ba«ed  npon  Ifat 

same  principle  ii»  Apiwlt'B.     MarfiiUy*a  oven  is  ooveit^  v  1:  arch,  ootumu 

with  A  flufe  through  which  the  g&^a  and  T&poors  are  corr^^v,  v,^^.,^i  the  hr     -^      •  -.hif 
and  by  burnii^g  there  heat  it,    Jones's  oven  is  similarly  coiustruoieit «  I; 
enoe  that  the  combustion  of  the  gases  and  vapours  is  mtule  to  take  i<i 
kiln.     This  arrangement,  used  only  with  very  dry,  non-bitumiiioUB  coals,  cer 
the  coking  process,  because  the  air  is  heated  preTious  to  entcjriiij;  the  kiln.     Fr 
double  cooking  oTen,  in  uee  on  the  Maas,  in  Belgium,  as  well  a«  in  Wesip  _ 
at  Hfiarbrut'ken,  i»  a  stage  oren,  so  oonstructed  that  the  ga»e«  forme*!  in  the  low«r| 
compartment  are  carried  through  ehanuelii  to  the  upper  heartii  ;     M-  - 
gases  formed  in  the  upper  compartment,  are  cuiiveyecl  under  the  hvj 
oven,  and  thenco  through  laterfd  channels  to  the  chimney,  so  that  the  h» 
utilieed.     Gendcbien's  coking-oven  is  distinguished  from  that  of  Frf*iiimout,  in  so  fjJl 
one  of  the  upper  coking  comportments  ia  placed  o^er  two  of  thu  low^r:  thf**f  i 
chiefly  used  on  the  Sumbre  (Belgium).     The  ooke^oveua  acci>r<ling   to 
incluJiTe  of  tbe  prineiplfs  of  all  ovcn»  built  to  utilise  the  heat  of  the  c<i 

Dubocbel's  cipking-oTen,  constructed  in   1851  by  Powell,  is  a  tnhular  * 
hearth,  consisting  of  two  shnllow  curbed  piirts  placed  one  ab<»vt  iLc*  *»tL 
by  doors.     The  ujiper  pnrt  is  the  distillatory  furnace  or  oven,  tht*  jc;, 
there  evolved  being  conveyed  under  the  oven,  and  bnmt  with  admission  of  hit, 
evolved  by  tbiji  combustion  serving  to  coke  the  cooli*.     The  octke  is  eauM^4  *«  f^ 
cooling  oven,  from  which  it  ib  removed  wlien  eitlinguishe*.!.     Thecombn»ttibIe  gORM 
by  this  procthfi  are    Bometinies   employt'd   for   the   purpoiw   of   heating    tk   sit 

belonging  U*  tbe  cottl-woshiug  mflchiuer>\     In  the  coke-oven  built  vr i^ 

amcB  evolved   from   the  coaI  are,  previous   to   bein]^  burnt,  dej  ' 

Ainmonia^al  water  ei\rried  off  by  them.     For  this  piirpofo  the  ga*^« 

large  eyliJidrical  vepsels  filled  with  coke,  and  in  which  nearly  all  the  titr  in  dv 

thence  the  gases  are  convened  to  a  nvRtem  of  tubee  connected  with  w»tf>r  rf**;«c»f-T«,^j^l 

purpose  of  eliminating  the  ammouiacal  products.     Th>  ;        '    ' 

to  the  furnace  to  be  there  burnt  from  ft  large  circular  biif 

ft^'fiittpd,     Tbe  necessary  motion  ie  imptirted  to  the    .;.i.  . .    .  ,    ...... 

W,»i''h  draw  the  gasea  from  the  furnace  through  the  purifying  apparains  i  u^n^  | 

the  burner.     According  to  the  statement  of  ttiiultier  do  (Uaubr>',  ther.  ton*  a 

coal  converted  daily  into  coke,  in  eighty  eight  ovens  belonging  to  the  SocieW  de  CorbonaM* 
tion  dc  la  Loire,  near  St.  Elienne.     The  jield  in  100  ports  i«  :— 


Coarse  coke  (large  lumps)  . .  70-00 

Small  coke vso 

Breeze    . ,      . .                       .  2'^o 

Grnphite        «.                     «  0*50 


Tar 


4-00 


Ammoniaeal  wait r  . ,  _       g^to 

Oas    -•  10-50 

Loss  ..  t*9i 


It  i»  questionable  whether  the  coke  thai  obtained  ja  equnl  in  quality  with  th^  «1 
7  the  ordinury  coke-ovens ;  because  experience  proves  that  oU  ooko  prvp«r«4  in 
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yniBSBla,  is  rather  porous  and  less  snitable  for  use  on  locomotive  engines  and  in  blast- 
fomaoes. 

Very  small  coal  and  dast  are  converted  into  coke  in  oven^  built  similarly  to  those  used 
for  baking  bread.  The  large  quantities  of  refuse  coal,  screenings,  <fe3.,  formerly  waste,  to 
be  found  in  enormous  heaps  next  coal-pits,  and  to  effect  their  removal  being  frequently 
set  on  fire,  burning  for  month  after  month,  producing  huge  volumes  of  smoke,  are  now 
utilised  and  made  into  excoUeut  coke,  after  hanng  been  first  washed. 

The  coke  dr.iwn  from  the  ovens  is  extinguished  with  water  or  under  ash.  The  former 
plan,  however,  is  most  frequent,  and  has  the  advantage  of  giving  to  the  coke  a  peculiar 
silvery  gloss.  There  is,  however,  more  than  one  objection  to  this  mode  of  extinguishing 
eoke,  becausH  in  the  first  place  the  coke  absorbs  and  retains  some  water,  which  as  it  has  to 
be  evaporated  when  the  coke  is  burnt,  absorbs  a  portion  of  the  heat  generated  by  the 
combustion.  Secondly,  the  weight  of  the  coke  is  increased,  and  may  be  increased 
fraudulently  to  a  large  extent,  as  some  portions  of  the  coke — the  more  porous  lumps — take 
up  1 20  per  cent  of  their  weight  of  water,  while  the  dense  metallic  portion  takes  up  only 
1 1  per  cent.,  and  the  coke  from  the  bottom  part  of  the  oven  13  per  cent.  On  an  average 
the  coke  takes  up  by  being  extinguished  by  water  6  per  cent  of  its  weight ;  but  cold  coke 
takes  up  when  thrown  into  water  hardly  half  as  much. 

PtopertiM  of  coiM.  Well  bumt  coke  or  oven  coke,  is  a  liard,  uniform,  compact,  solid 
mass,  difficult'to  break,  and  not  honeycombed,  nor  very  porous.  Its  colour  is  black- 
grey  or  iron-grey,  with  a  dull  metallic  gloss.  Good  coke  should  contain  very  little 
sulphur.  All  the  sulphur  contained  in  coal,  chiefly  as  iron  pyrites,  cannot  be  com- 
pletely e^minated  by  the  coking  process,  as  the  sulphuret  is  only  reduced  to  a  lower 
degree  of  sulphuration.  In  the  north  of  England  it  has  been  found,  that  if  the  coal, 
even  when  liighly  sulphurous,  is  first  treated  with  a  strong  brine  and  powdered  rock- 
salt,  a  coke  very  free  from  sulphur  is  obtained.  The  sulphur  in  coke  is  objectionable, 
from  its  action  upon  tlie  ironwork  of  the  furnaces,  the  fire-bars,  &c. 
SS^St'yaiwuFwL      T^®  average  composition  of  good  coke  is  the  following : — 

Carbon        ... 85 — 92  per  cent. 

xLsn      ...     ...     ...     ...     .»•  3"""  5        » 

Hygroscopic  water    5 — 10        „ 

Owing  to  the  great  density  and  compact  structure  of  coke,  and  the  fact  that  it  does 
not  contain  any  combustible  gases,  it  is  ignited  with  diflSculty,  and  requires  for  kind- 
ling a  strong  red  heat,  with  a  blast  for  continued  burning. 

According  to  a  series  of  experiments  in  Prussian  ironworks  with  coke  in  furnaces 
with  hot  blast : — 

100  parts  by  weight  of  coke  =    80  parts  by  weight  of  charcoal. 
100      „        bulk  „      —  250  „  „  „ 

Brix  found  that  a  coke  made  from  upper  Silesian  coals,  and  containing  59  per 
cent  of  water  and  25  per  cent  of  ash,  yielded  for  every  kilo,  bumt  7*  15  kilos,  steam. 

Artificial  Fuel. 

ArtiiJcui  ru«L  Under  this  name  we  understand  an  originally  pulverulent,  combus- 
tible fuel,  such  as  small  coal  or  coke,  breese,  sawdust,  refuse  wood,  &c.,  mixed  with 
tar  or  thin  clay  liquor,  and  by  strong  pressure  subsequently  moulded  in  the  shape  of 
bricks.  Compressed  peat  and  compressed  spent  tan  are  in  a  certain  sense  artificial 
fuel. 

p«m«.  Under  tliis  name  is  known  an  artificial  fuel  first  prepared  from  caking  coal 
by  Marsais,  the  viewer  and  manager  of  some  collieries  near  St.  Etienne.  The  small 
coal,  screenings,  dust,  and  other  refuse,  are  first  lixiviated  for  the  purpose  of 
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removing  mineral  impurities,  such  as  gangue,  clay,  pyrites,  fto.  The  pnrikli 
is  drained,  tiien  ground  to  powder  by  suitably  constructed  mill-work, 
dried  by  tlie  application  of  heat,  then  mixed  with  7  to  8  per  cent  of  thick  eod4t] 
and  finally  moulded  into  bricks  by  the  aid  of  strong  pressure,  the  brieki 
lumps  weighing  each  about  20  lbs.  Peras  is  less  fragile  than  ordinary  coaL  udl 
of  a  uniform  shape,  can  be  better  stored  tlian  coal,  taking  up  about  one-fiAh  IcKi 
a  matter  of  considerable  advantage  on  board  steamers.  Similar  to  pern  mh\ 
patent  coals  made  by  Wylam  and  Warlich. 

The  so-called  moulded  charcoal,  or  Parisian  coal,  introduced  about  fifteen  ]m| 
ago  by  Popelin-Ducarre,  is  an  artificial  fuel  composed  of  charcoal  refuse  withoii 
tar.  The  small  lumps  and  dust  of  charcoal  are  mixed  with  8  to  12  pereentofvii^i 
then  ground  to  powder,  and  to  100  kilos,  of  the  powder  are  added  ^^  to  4oIitarf 
coal-tar.  Tliis  magma  is  thoroughly  incorporated  and  next  moulded  into  crliite 
These  are  dried,  and  finally  carbonised  in  a  muffle-furnace.  This  fuel  is  hr)m 
fragile  than  ordinary  charcoal,  better  fitted  for  transport,  burns  better  than  cdki^wi 
even  when  only  slightly  kiudlcd,  continues  to  burn  in  air,  whicli  is  not  the  aatwfk 
coke. 

Briqaette*.  Whcu  strongly  caking  coal  is  heated  in  closed  vessels  to  260'  (0 1#, 
and  then  compressed  in  moulds,  the  result  is  the  formation  of  a  hard  briik-shifd 
fuel,  very  suitable  for  domestic  use  as  well  as  for  steam  production.*  It  hu  ka 
found  that  the  manufacture  of  briquettes  can  be  advantageously  combined  with  lb 
preparation  of  tar  for  tlie  purpose  of  extracting  benzol,  carbolic  acid,  naphtbliMi 
asphalte,  and  authracen. 

Gaseous  Fuel, 
garcous  Fnei.  Thc  Utilisation  of  certain  combustible  gases  and  mixtures  of  t>.» 
gases  as  fuel  lias  been  practically  solved  only  during  the  last  few  years,  althoo'.'^  a 
metallurgical  operations  the  idea  of  such  utilisation  is  of  more  remote  date.  Tii 
combustible  gases  used  on  the  largo  scale  as  fuel  are  those  evolved  fnmi  bUa- 
furnaces,  and  from  coke-ovens  and  other  apparatus  in  which  these  combustible  ^'W 
are  formed  as  the  by-product  of  industrial  operations.  The  composition  uf  the  hhA 
furnace  gasos  varies  of  necessity  according  to  the  kind  of  fuel  use<i,  the  temperatart 
of  the  furnace,  the  shape,  build,  and  height  of  the  latter,  the  pressure  on  the  blist^*. 
The  combustible  gasos  escaping  from  these  furnaces  consist  chiefly  of  carbonic  iixiit. 
hydrocarbons,  hydrogen,  carbonic  acid,  nitrogen,  and  of  ammonia  where  eoalorcokr^ii 
used  as  fuel.  The  so-called  generator  gases  are  those  combustible  gnses  whicli  ire 
evolved  from  solid  fuel,  coke,  peat,  or  wood,  by  its  carbonisation  in  a  sepanitt^i 
furnace,  kiln,  or  oven,  with  or  without  the  aid  of  a  blast.  These  combustible  '^ases  miv 
be  utilised  in  various  ways  and  obtaine<l  from  fuel  which  is  not  otherwise  applicable 
as  such.     According  to  Ebelmen  these  gases  are  composed  as  follows  : — 

G<'n orator  Rases  obtained  from  : — 
Wood-charcoal.     Wood.  Peat.  Coke. 

Nitrogen 

Carbonic  acid  ... 

Carbonic  oxide 

Hydrogen 

♦  Sec  Th.  Oupler,  "  Die  Fabrikntion  der  kunstlichen  Brennstoffe.  insbesondcrc  der 
peprcssten  K(»hl«'!izi«»j;el  (nlor  Jiriqnt'ttow,"  Borlin,  1864;  *lso  '*  Jahresbericht  der  chem. 
Tocbuologie,''  ii>64,  p.  760  ;  1866,  p.  333  ;  ib6t>,  p,  800. 
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fc  Ijr .  There  has  long  been  in  use  in  England  a  gas  mixture  obtained  by  passing 
■M-liigh-pressure  steam  over  red-hot  coke  contained  in  retorts.  Siemens's  regenerative 
r£: 'gu-fumace,  described  on  pp.  24  and  273,  belongs  to  this  category.  Combustible 
=i:;0Uieous  bodies  are  largely  utilised  in  metallurgical  operations,  puddliug-fumaces, 
is'i^^linc-smelting,  &c. 

rr.i-  *^pS^i21f  It  has  of  late  years  been  frequently  suggested  that  a  cheap  gas 
£   -flliould  be  manufactured  for  heating  purposes.     In  Berlin  a  company  has  been 

Ibnned  under  the  technical  guidance  of  C.  Wcstphal  and  A.  Putsch,  tlie  object  being 
ix  jlo  prepare  gas  from  brown-coal  at  Fiirstenwald,  a  distance  of  about  38  kilometres 
-  Irom  the  city.  The  intention  is  to  construct  twelve  retort-houses,  each  to  contain 
»    Beyenty  furnaces  provided  witli  ten  retorts,  to  be  fired  as  in  Siemens's  regenerative 

.gas-furnace.  The  purified  gas  is  to  be  forced  by  blowing-machines,  actuated  by 
.    fiieam-engines  of  360  nominal  or  500  indicated  horse  power,  into  a  main  pipe  of 

.1*3  metres  diameter  constructed  of  boiler-plates  and  carried  above  ground  supported 
«     en  iron  pillars.    The  gas  will  be  collected  at  Berlin  in  twelve  gas-holders,  each  of 

^50,000  cubic  feet  capacity.     The  pressure  of  the  gas  in  the  mains  and  service-pipes 

within  the  city  will  be  1*5  centims.  water-gauge,  in  order  that  pipes  of  smaller 

diameter  may  be  used.    According  to  Ziureck,  the  composition  of  tlie  gas  obtainable 

from  the  brown-coal  is,  at  a  sp.  gr.  of  05451,  as  follows : — 

Hydrogen       42*36  per  cent. 

Carbonic  oxide       4000    „ 

Marsh  gas       ii'37     t* 

Nitrogen 317     „ 

Carbonic  acid 201     „ 

Condensable  hydrocarbons 109     „ 

A  gas  of  this  composition  will  answer  admirably  for  lieating  purposes.  3000  cubic 
feet  of  it  are  in  heating  eflfect  equal  to  i  ton  of  brown-coal,  and  equal  to  ^  ton  of 
pit-coal,  the  ton  being  equal  in  this  case  to  275  to  300  lbs.  The  price  will  be  7 id. 
per  1000  cubic  feet,  so  that  the  heating  effect  yielded  by  it  as  compared  with  the 
price  of  a  ton  of  coals  will  be  about  4s.  6d.  The  works  are  constructed  for  an  annual 
production  of  9500  millions  of  cubic  feet  of  gas,  or  a  daily  supply  of  2|  millions  of 
cubic  feet. 

Heating  Apparatus  * 

Warming.  We  Understand  by  warming  the  heating  of  any  room  or  space  by  heat 
evolved  from  the  combustion  of  fuel.  The  room  or  space  may  be  an  apartment  in  a 
dwelling-house,  a  church,  a  steam-boiler,  a  glass-liouse,  a  hothouse  in  a  botanical 
garden.  &c.  It  is  the  aim  of  technology  to  apply  the  fuel  so  as  to  yield  by  its  most 
economical  use  t!ie  greatest  amount  of  heat.  In  order  to  obtain  by  the  combustion 
of  fuel  as  nearly  as  possible  its  absolute  and  specific  calorific  effect,  the  combustion 
should  not  only  be  complete,  but  the  gaseous  products  should  suffer  tlie  highest 
degree  of  oxidation;   in  other  words,  neither  smoke  nor  any  combustible  gases 

•  The  following  works  afford  very  valuable  information  on  this  subject : — C.  Schinz, 
«*  Die  Warme  Messkunst,"  Stuttgart,  1858  ;  E.  P^clet, "  Traite  de  laChaleur,'*  3rd  edition, 
Paris,  1861-62,  3  vols  ;  and  for  stoves  for  domestic  use,  "  Die  Badische  Gewerbezeitung,*^ 
edited  by  U.  Meidinger. 
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fibould  be  evolved.    The  practical  importance  of  this  principle  is  exhibited  bj  the 
following : — 

I  part  of  carbon  yields,  when  burnt  to  carbonic  oxide,  2480  units  of  heat. 
I     „  „  .,         „  „         carbonic  acid,    8080      „  „ 

In  order  to  obtain  complete  combustion,  the  fuel  should  be  supplied  with  the 
requisite  quantity  of  air,  while  the  vitiated  air  should  be  carried  off  with  the  gaseom 
products  of  the  combustion.  This  supply  of  air  or  draught  can  be  assisted  artificially 
by  means  of  blast-  or  exhaust- apparatus ;  but  in  most  cases  the  draught  is  natural, 
Le.f  produced  by  the  calefaction  of  the  air,  which  becoming  specifically  lighter, 
ascends. 

All  heating  apparatus  consist  of  three  distinct  parts — the  fire-place  or  hearth,  the 
heating-room,  and  the  chimney.  The  hearth  is  that  portion  where  combustion  takes 
place.  The  heating-room  is  the  portion  of  the  apparatus  where  the  heat  generated 
is  utilised,  and  the  chimney  is  a  channel,  usually  placed  in  a  vertical  position,  and 
often  connected  by  means  of  flues  with  the  heating-room  and  hearth — through  which 
the  gases  evolved  by  tlie  combustion  of  the  fuel  are  carried  oS,  and  a  draught 
created  maintaining  an  efl&cient  combustion  of  the  fuel. 

The  hearth  or  fire-place  may  vary  greatly  in  shape  and  mode  of  construction. 
The  most  primitive,  but  also  the  most  defective  kind  of  hearth,  is  that  on  which  the 
fuel,  usually  wood  or  peat,  is  placed  on  tiles  or  bricks  under  the  chimney.  Sock 
arrangements  are  still  in  use  in  many  remote  country  places,  especially  in  the 
country  districts  of  Ireland  and  Scotland,  where  faggots  of  wood  and  peat  are  thca 
burnt.  In  this  manner  a  very  great  amount  of  heat  is  wasted  and  tlie  supply  of  air 
not  properly  regulated ;  there  is  an  excess  of  air  supplied,  and  hence  loss  of  fuel 
The  air  required  for  the  complete  combustion  of  the  fuel  should  be  made  to  pass 
through  tlie  fuel,  which  for  that  purpose  is  placed  on  a  grating,  consisting  of  bars  of 
iron  or  fire-brick.  The  space  under  the  fire-bars  is  called  the  ash-pit,  tliroujjh  which 
the  air  is  supplied  to  the  fuel.  The  hearth  is  usually  provided  with  iron-dm>rs, 
which  are  opened  when  fresh  fuel  has  to  be  intro/luced.  This  plan  is  accompanietl 
with  the  objection,  that  during  the  period  of  feeding  and  raking  up  the  fire,  a  large 
quantity  of  cold  air  enters  the  hearth,  and  causes  the  combustion  to  become  irregular 
and  much  smoke  to  be  produced.  The  use  of  the  so-caUed  stage  fire-bars,  placed  in 
tlie  manner  of  steps,  one  above  the  other,  is  not  attended  with  this  defect. 

When  the  fuel  contains  much  sulphur,  the  iron  fire-bars  are  soon  worn  out,  owinij 
to  the  formation  of  sulphuret  of  iron ;  in  order  to  prevent  this,  it  is  often  usual  to 
leave  a  layer  of  clinkers  and  slag  on  the  bars  for  the  purpose  of  protecting  them  from 
the  direct  action  of  tlie  fuel.  In  order  to  regulate  the  draught,  dampers  or  similar 
contrivances  are  fitted  to  the  flues,  chimney,  or  funnel. 

a.  Heating  Dwelling  Houses. 

Heaung  DweuinR  Houseii.  Tlic  licatiug  of  dwelling-houscs  and  public  buildings,  halk, 
theatres,  churches,  &c.  (in  connection  with  tlie  ventilation),  can  be  eflVoted  in 
various  ways,  either  by  radiant  or  conducted  heat.  According  to  the  construction 
of  the  heating  apparatus,  we  distinguish : — i.  Heating  by  flues.  2.  By  stoves,  or 
with  hot  air.  3.  Air  heating.  4.  By  means  of  steam  or  hot-air  pipes.  5.  Hot- water 
heating.     6.  Heating  by  means  of  gas. 

Direct  ueRtiuR.  The  direct  heating  of  rooms  by  the  combustion  of  wood  and  other 
fuel  on  an  open  hearth,  or  in  chaufing-dishes  and  small  stoves  without  chimneys,  is 
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undoubtedly  the  most  ancient  and  primitive  method  of  heating.  In  the  cen're  of 
the  liuts  in  Ireland  aud  the  Highlands  of  Scotland,  a  rough  hearth  is  constructed, 
wliile  the  smoke  evolved  by  tlie  fuel  escapes  tlirough  a  hole  in  the  roof.  In  some 
parts  of  France,  Italy.  Spain,  and  Turkey,  rooms  are  heated  by  means  of  a  chaufing- 
dish  containing  burning  charcoal,  by  the  combustion  of  wliich  the  air  of  the  room  is 
vitiated,  becoming  unfit  to  be  respired  by  tlie  lung.i.  It  is  evident  that  for  this 
reason  and  owing  to  the  risks  of  fire  tliis  mode  of  heating  is  very  dangerous. 

Chimney  HeaUng.  Tliis  modc  of  hcatiug,  iu  general  use  in  England  and  the  larger 
towns  of  Scotland,  Ireland,  and  Wales,  is  of  ancient  use,  and  is  based  upon  the 
heating  of  the  air  of  tlie  rooms  by  the  direct  radiation  of  the  heat  of  the' fire.  It  is 
undoubtedly  the  most  imperfect  and  wasteful  method,  as  there  flows  into  tlie  chimney 
A  ver}'  large  excess  of  air  above  that  required  for  maintaining  the  combustion  of  the 
fuel,  the  consequence  being  that  strong  draughts  of  cold  air  are  felt  near  the  windows 
and  doors  of  the  rooms,  while  a  downward  current  of  air  is  frequently  created, 
causing  the  chimney  to  smoke.  This  mode  of  heating  only  suits  countries  enjoying 
an  average  mild  climate  and  possessed  of  plenty  of  fuel.  It  would  appear  that 
among  the  reasons  why  this  mode  of  heating  is  continued  is  tlie  pleasure  of  seeing 
the  fire  and  of  warming  the  feet  by  it,  notwithstanding  that  the  other  parts  of  the 
body  remain  comparatively  cool.  The  arrangements  of  the  method  of  warming  by 
the  radiant  heat  from  chimneys  are  in  the  most  primitive  form  the  following : — At 
the  lower  part  of  the  wall  from  which  the  chimney  is  built,  a  niche  or  recess  is 
constructed  in  which  the  fuel  bums ;  but  in  grates  of  better  construction,  the  recess 
is  not  very  deep,  and  less  contracted  wliere  it  issues  in  the  cliimney,  while  frequently 
the  heartli  is  fitted  with  a  sliding  door,  and  a  valve  or  trap-door  in  the  upper  part  of 
the  flue  leading  into  the  chimney. 

In  order  to  utilise  a  portion  of  the  conducted  heat,  yet  still  to  leave  the  heating  to 
be  effected  chiefly  by  radiation,  the  flow  of  hot  air  into  the  chimney  is  to  some  extent 
intercepted,  so  as  to  form  a  combination  of  the  methods  of  stove-  and  chimney- 
heating. 

store  Hettimr.  This  method  of  heating  is  in  general  use  in  the  colder  parts  of  the 
Continent,  in  America,  Canada,  &c.  A  well  constructed  stove  should  not  consume 
too  much  fuel,  the  combustion  of  which  should  be  complete,  while  the  heat  generated 
should  be  uniformly  radiated,  and  only  a  very  small  quantity  allowed  to  escape  into 
the  chimney.  As  a  stove  is  placed  at  some  distance  from  the  chimney,  the  radiating 
as  well  as  the  conducted  heat  is  utilised.  The  loss  of  heat  is  prevented  by  a  series 
of  flues ;  but  in  order  to  keep  up  a  suflicient  draught,  the  air  escaping  into  the 
chimney  should  have  a  temperature  of  at  least  75°.  The  fuel  is  generally  intro- 
duced into  the  stove  from  the  room,  although  some  kinds  of  stoves  are  so  constructed 
tliat  ihey  may  be  fed  with  fuel  from  the  outside  of  the  house  similarly  to  the  hot- 
house stoves  ;  this  method  of  construction  entails  a  larger  consumption  of  fuel  and 
some  loss  of  heat. 

Stoves  are  made  of  cast-iron,  sheet-iron,  and  fire-clay.  Iron  readily  absorbs  heat, 
and  as  the  sides  of  the  stove  are  usually  not  very  thick,  the  heat  is  rapidly  and 
readily  dispersed.  As  iron  stoves  may  become  red-hot,  the  air  surrounding  the 
stove  is  chemically  changed  in  consequence  of  the  permeability  of  red-hot  iron  to 
carbonic  oxide  Tliis  gas,  according  to  the  experiments  of  Deville  and  Troost,  1868, 
is  absorbed  and  evolved  by  red-hot  iron  to  00007  ^^  coo  13  its  volume.  Fire- 
clay stoves  yield  a  very  uniform  heat,  given  ofif  only   slowly    and    gradually. 
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Compound  stoves  are  those  in  which  the  hearth  is  made  of  cast-inm,  on  which  it 
placed  a  sheet-iron  column  closed  at  the  top,  and  provided  with  a  lateral  c^enisg 
communicating  by  sheet-iron  pipe  with  tlie  chimney. 
We  distinguish  according  to  the  material  of  which  stoyes  are  constmeted: — 

a.  Those  simply  of  iron. 

b.  Those  of  fire-clay. 

c.  Compound  stoves. 

Iron  stoves  are  usually  so  constructed  that  the  heat  generated  by  the  combnstioii 
of  the  fuel  is  rapidly  communicated  to  the  air  of  the  room.  The  heat  generated  in 
fire-clay  stoves  is  communicated  to  the  great  mass  of  fire-clay  of  which  the 
stoves  are  constructed,  so  that  even  long  after  the  fire  has  been  extinguished 
the  stove  continues  to  give  off  heat ;  these  stoves  are  especially  used  in  Sweden 
and  Russia. 

Iron  siorea.  The  coustruction  of  these  stoves  varies  greatly.  When  made  of  cast- 
iron  the  shape  is  frequently  cylindrical,  a  short  pipe  being  cast  on,  to  which  is  fitted 
a  sheet-iron  pipe  leading  to  the  cliimney.  In  some  cases  the  length  of  this  pipe  is 
considerable,  in  order  that  the  heat  evolved  by  the  combustion  of  the  fuel  may  be 
better  utilised. 

Sometimes  iron  stoves  are  constructed  with  an  outer  mantle  which  is  perforated 
and  nsnally  exhibits  an  ornamental  appearance ;  this  mantle  is  placed  at  some  few  inches 
distance  from  the  inner  stove,  in  which  the  combustion  of  the  fuel  takes  place. 

Fire-clay  stoTM^  These  stovcs,  made  of  a  peculiar  kind  of  clay,  are  externally  glaxed 
similarly  to  the  so-called  Dutch  tiles.  The  construction  of  these  stoves  is  very  masave. 
They  consist  of  a  series  of  channels  made  of  burnt  clay  and  put  together  with  t 
mixture  of  the  same  clav  unbumt  and  gypsum.  The  thickness  of  the  pipes  forming  the 
channels  is  7  inches.  The  number  of  channels  or  flues  is  four  to  six,  or  even  twelve. 
The  Russian  stove,  Fig.  321  in  ground  plan,  is  fitted  with  six  flues.     Fig.  322  is  a  front, 

Fig.  323  a  side  view,  and  Fig.  324  a  vertical  section. 
Fio.  321.  a  is  the  vaulted  fire-place,  the  flame   and  smoke 

evolved  by  the  combustion  of  the  fuel  being  carried 
upwards  in  flue  i,  downwards  in  flue  2,  again  up- 
wards in  flue  3,  again  downwards  in  flue  4,  again 
upwards  in  flue  5,  and  again  downwards  in  flue  6, 
and  thence  into  the  chimney  by  means  of  an  iron 
pipe  fitted  to  the  stove. 

Each  of  these  stoves  has  a  separate  chimney,  a 
tube  18  to  30  centimetres  wide,  carried  e^traight  up  to 
above  the  roof  of  the  house.  Tht'se  narrow 
chimneys,  also  in  use  in  Edinburgh,  Glasgow,  and 
other  Scotch  towns,  are  constructed  of  flre-clay 
tubes  fitted  into  the  stone  of  the  walls.  As  a  Rut si&n 
stove  is  really  intended  to  be  a  store  of  heat,  it  has  to  be  hermetically  closed  as  stx»n  as 
the  fire  is  extinguished  ;  this  is  effected  by  the  following  contrivance,  termed  in  the  Russian 
language,  Wiuschke.  Near  the  junction  of  the  last  flue  and  the  stove-pipe  a  jdate  of  cast- 
iron,  Figs.  325,  326,  and  327,  is  fitted  to  the  stove,  the  plate  being  provided  in  the  centre 
with  an  opening  of  21  to  24  centimetres  diameter.  This  opening  has  an  internal  vertic:d 
flange  or  collar  of  2  centimetres,  and  an  external  vertical  flange  of  3  centini«>tres  height. 
An  iron  cover,  n.  Fig.  327,  fits  closely  on  to  the  inner  flange,  and  a  larger  cover,  b,  fits  on 
to  the  outer  flange,  thus  securing  a  tight  joint.  These  ovens  are  heated  with  wood, 
which  is  sawn  into  small  blocks.  No  smoke  is  evolved,  because  the  high  temperature  pre- 
vailing  in  the  flues  consumes  the  smoke  completely,  and  the  wood  is  not  used  until  it  is 
thoroughly  dry.  The  Swedish  stove  is  usually  cylindrical  in  shape,  and  very  tall,  reaching 
nearly  to  the  ceiling  of  the  rooms.  The  flues  (four  in  number)  of  these  stoves  are  of 
rather  complicated  construction.  They  communicate  laterally  with  each  other.  The 
chimney  pipe  is  placed  at  the  top  and  is  provided  with  a  damper,  closed  when  the  fire  is 
extinguished.  The  fuel,  dry  wood,  required  for  one  heating  of  the  stove,  is  put  into  the 
stove  at  one  charge,  and  when  the  combustion  has  ceased,  the  damper  and  the  stove  door 
ve  tightly  closed. 
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iBtoTM.      Feilner  has  eonstrncted  a  stove  of  this  description,  Fif?8.  328  to  331, 
which  is  a  modification  of  the  Basbian  stove.    Fig.  328  shows  a  front  view,  and  Figs.  329 


Fio.  322. 


Fig.  323. 


Fio.  324. 
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and  330  vertical  sections.    The  section  exhibited  in  Fig.  329  is  throngh  the  ground  plan, 
Fig.  33 1 ,  as  indicated  by  the  dotted  line  a  a.  The  section  shown  in  Fig.  330  is  according  to  the 
Fio.  325. 


Fio.  327. 


Fio.  326. 


dotted  lino  bb  and  the  section  exhibited  in  Fig.  331  to  the  line  cc.    The  hearth  of  this 
stove  is  constructed  of  iron  surronnded  by  a  burnt  clay  mantle  or  box.    The  products  of 

Fio.  328.  Fio.  329. 


Fio.  330. 
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Fio.  331. 


tbe  combustion  are  forced  through  a  cylindrical  tube,  of  13  to  1 8  centims.  widtb,  tai 
thence  issue  into  the  flues.  The  combustion  is  very  complete,  no  soot  or  smoke  beiiig  fonned. 
This  stove  is  divided  into  two  compartments  by  means  of  t 
vertical  wall ;  and  horizontal  shelves  are  fitted  to  this  wall, 
thus  forming  a  series  of  channels  or  flues,  through  which 
the  products  of  combustion  are  made  to  pass.  The  length 
of  these  flues  varies,  according  to  the  size  of  the  stove,  from 
9  to  20  metres.  As  the  hearth  is  so  placed  as  to  be  a  seps- 
rate  part  of  the  stove,  the  room  becomes  heated  as  soon  as  the 
fire  is  lighted.  In  the  lower  part  of  the  stove  a  kind  of  air- 
hcHtiuK  is  arranged,  because  by  two  openinfirs,  aa^  Fig.  328, 
cold  air  enters  and  becomes  strongly  heated  while  patting 
through  the  stove.  When  the  combustion  of  tbe  fuel  has  ceased 
the  damper  in  the  pipe  leading  to  tin;  ciiininey  is  closed ;  the  clay  p(»rtion  of  the  stove  having 
then  been  so  strongly  heatel  tliat  one  firing  answers  for  a  whole  day.  hhh  is  the  brick- 
work  foot  of  the  stove;  ce  are  supports  for  carrying  the  cast-iron  bed-plate,  <f  </,  of  tbt 
iron  hearth ;  e  are  the  side  plates  ;  //  the  U»p  plate  of  the  tire-room  ;  ^r  is  a  tube  fitted  to 
the  top  plate,  and  intended  Ut  carrying  off  the  gases  and  other  products  of  the  comboj- 
tion  of  the  fuel.  On  the  top  i)late  are  placed  fire-bricks  supporting  hh,  which  is  made  of 
boiler-plate,  and  i)rovided  with  a  circular  hole  so  situated  as  to  be  free  from  the  tube  $, 
On  this  boiler-plate  are  roofing  tiles,  which  reach  to  the  side  walls  of  the  stove,  and  are 
covered  with  sand  or  dry  ash.  This  construction  is  necessary  for  the  purpose  of  pie- 
venting  the  iron  hearth  in  its  expansion  forcing  asunder  the  brickwork. 

The  vertical  partition  wall,  i,  is  built  of  brick ;  it  supports  k.  I  I  are  also  built  of 
brick,  n  n  are  so  short  that  each  of  the  openings  is  7  inches  distant  from  the  opposite 
side.  The  smoke  is  carried  upwards  through  the  openings  00.  p  p  is  the  iron  pipe, 
which  communicates  with  the  chimney.  The  heat  and  gases  generated  by  the  combustion 
of  fuel  in  this  stove  proceed  from  the  hearth,  e,  through  </,  arcreturned  by  ik,  flow  along  i, 
pass  through  the  opening  0  into  the  flue  71,  and  finally  into  the  pipe,  which  communicates 
w.th  the  open  air. 

Heuschel's  stove,  constructed  to  bum  brown-coal,  deserves  notice.  Fig.  332  exhibits* 
vertical  section,  and  Fig.  333  a  horizontal  section  at  the  line  a  b.     This  stove  consists  of 


Fi«.  333. 


1^ 


Brs,  the  outer,  a,  being  of  cast-iron,  the  inner,  2>,  of  stout  sheet*iron 

^r  is  supported  by  the  ash-pit,  c  d,  fitted  with  fire-bars  towards  the  upper 

m  cylinder  does  not  reach  to  the  fire-bars,  and  is  closed  at  the  top  by 
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a  tightly-fitting  cover,  g,  while  the  onter  cylinder  is  closed  by  the  lid  k.  When  it  is 
intended  to  heat  this  stove  it  is  first  filled  with  brown-coal,  thrown  in  from  the  top  after 
removal  of  the  lids.  The  fuel  is  kindled  at  i,  through  k.  The  combnstion  can  only  take 
place  on  the  fire-bars,  the  hot  air  flowing  npwards  between  the  two  cylinders,  and  thence 
into  2,  the  iron  pipe  leading  to  the  chimney.  The  fuel  contained  in  the  inner  cylinder 
gradoally  sinks  downwards  as  the  combustion  proceeds.  The  ash  is  removed  by  imparting 
motion  to  the  crossed  iron  bars,  m,  Fig.  333,  to  which  are  fitted  pieces  of  iron  passing 
between  the  fire-bars.  The  handle,  ft,  projects  outside  the  stove.  Any  smoke  which 
might  reach  the  upper  part  of  the  stove  is  carried  off  by  the  pipe  0.  This  kind  of  stoi'O 
having  once  been  filled  with  fuel  contiuues  to  supply  heat  for  forty-eight  hours. 
Meidinger,  of  Garlsmhe,  has  constructed  many  very  excellent  stoves  of  this  description. 

AirHaituif.  This  method  of  heating  is  effected  by  means  of  stoves,  but  is  dis- 
tinguished from  tlie  ordinary  stove-heating  by  the  situation  of  the  stove,  which  is 
in  most  cases  not  placed  witliin  tlie  space  or  room  to  bo  heated,  being  within  a 
chamber  from  which  the  heated  air  is  conveyed  by  channels  to  the  space  intended 
to  be  warmed.  The  aim  of  air  heating  or  central  heating  is  to  heat  a  large  space 
uniformly  with  one  stove,  or  to  heat  by  means  of  one  fireplace  all  the  rooms  and 
apartments  in  the  same  building,  when  it  is  not  found  convenient  to  construct  fire- 
places in  each  apartment.  There  are  in  use  three  modes  of  air  heating,  whicJi 
dififer  from  each  other  in  the  method  of  ventilating  the  space  to  bo  heated. 

(a.)  The  cold  air  enters  the  heating  apparatus,  becomes  warm,  and  is  conveyed  through  a 
pipe  or  channel  into  the  room  or  space  to  be  heated,  while  an  equal  bulk  of  vitiated  air 
escapes  from  the  imperfectly-closed  windows  and  doors. 

(&.)  The  heated  air  is  returned  to  the  heating  apparatus,  becomes  again  warmed,  and 
re-enters  the  room.  While  the  method  (a)  has  the  advantage  of  constantly  supplying 
fresh  air  to  the  room,  thus  creating  an  uninterrupted  ventilation,  the  method  (b)  has  the 
advantage  of  saving  that  quantity  of  heat  which  is  lost  in  the  efflux  of  warm  air  in  the 
first  method. 

(c.)  The  onter  air  becomes  heated  at  the  fireplace,  and  is  then  conveyed  to  the  room  to 
be  warmed.  The  vitiated  air  from  the  room  is  conveyed  through  a  flue  to  the  fire,  tMs 
air  serving  the  purpose  of  maintaining  the  combustion.  This  method  combines  all  the 
advantages  of  (a)  and  (6),  while,  with  constant  ventilation,  a  saving  of  fuel  is  effected. 

As  regards  the  methods  of  employing  air  heating,  we  distinguish  according  to  the 
construction  of  the  apparatus : — 

(a.)  Air  heating  by  means  of  a  mantle  oven. 
(6.)  Air  heating  by  means  of  a  heating  chamber. 

The  first  method  is  very  similar  to  ordinary  stove-heating,  and  only  distinguished 
from  it  in  the  respect  that  the  stove  is  surrounded  by  an  outer  mantle  of  bricks 
or  fire-clay  slabs,  some  6  to  8  inches  from  the  stove.  This  mantle  is  provided  with 
openings,  through  which  the  heated  air  escapes,  and  is  uniformly  distributed  through 
the  room. 

In  warming  with  a  separate  chamber  we  have  to  consider  Uiefonn  of  the  chamber, 
.  a  small  vaulted  room,  built  of  brickwork,  and  containing  the  furnace.  The  heating 
chamber  should  be  compardtively  verj'  small,  so  that  the  heated  air  shall  be  carried 
as  rapidly  as  possible  to  the  room  intended  to  be  warmed.  The  channels  for 
carrying  off  the  heated  air  are  placed  at  the  top  of  the  heating  chamber,  while  the 
channels  for  conve3ring  the  cold  air  are  situated  at  the  bottom.  The  space  between 
the  furnace  and  the  walls  of  the  heating  chamber  measures  from  12  to  16  ccntims., 
bnt  the  vault  is  elevated  i  to  i'3  metres  above  the  top  of  the  furnace. 

The  furnace  or  stove  is  the  most  essential  part  of  this  air-heating  apparatus.    It 

is  made  either  of  cast-iron  or  of  boiler  plate  ;  and  as  regards  size  i  square  foot  of 

heating  surface  is  capable  of  heating  800  to  1000  cubic  feet  of  air.    Another  kind 

of  air-heating  apparatus  consists  of  the  following  arrangement :— A  series  of  rows 
48 
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of  east-iron  tubes,  which  communicate,  are  so  placed  in  a  furnace  or  oren  that  eoU 
air  enters  into  the  lowest  row  of  the  series,  while  the  heated  air  escapes  fr«a 
the  upper  row.  Since  the  hot  air  having  become  sp^cificaUj  lighter  always  Its^ 
to  rise,  it  is  clear  that  tlie  apparatus  should  be  placed  in  the  cellar  or  lowest  room 
of  the  building  to  be  heated.     The  hot-air  pipes  should  be  as  Tertical  as  possible. 

The  apertures  through  which  the  hot  air  gains  admission  to  the  rooms  to  be 
heated  are  best  situate  in  the  floor,  in  this  case  generally  a  doable  one ;  or  the  hot- 
air  pipes  are  placed  in  channels  covered  with  an  iron  grating,  and  aomMift 
provided  witli  a  damper  so  that  the  supply  can  be  regulated. 

Heating  with  hut  air  is  usually  attended  with  a  serious  defect,  viz.,  that  the  lir 
is  exceedingly  dry  or  even  burnt.  This  defect  can  be  remedied  only  by  anpfdyiag 
air  with  aqueous  vapour  by  placing  in  the  current  of  hot  air  shallow  basins  filM 
with  water,  or  by  suspending  wet  sponges  near  the  pipes.  Dr.  von  Pettenkofer  has, 
however,  proved  that  these  expedients  do  not  quite  answer  the  purpose.  Air  heating 
is  not  very  suitable  for  dwelling-houses,  but  answers  best  for  public  buildings,  which, 
as  churches,  theatres,  and  concert  rooms,  require  to  be  only  occasionally  heated,  ths 
defect  of  tlio  too  great  dryness  of  the  air  being  in  these  instances  counterbalaaeed 
by  the  watery  vapour  exhaled  in  the  process  of  respiration  by  the  persons  assemfakd, 
and  by  the  gas  lights. 

cmiorifem.  A  systcm  of  air-hcatiug  by  means  of  so-called  calorif&res  has  beeont 
rather  general  in  tlie  United  Kingdom,  North  America,  Sweden,  Russia.  HoDani 
Belgium,  and  also  to  some  extent  in  Germany.  It  is  usually  employed  in  hige 
buildings,  but  is  also  applicable  to  dwelling  houses.  Among  the  best  of  this  kind  of 
heating  apparatus  are  tliose  supplied  by  the  London  Warming  and  Ventilating  Com- 
pany, who  employ  the  modilioatiou  of  a  plan  successfully  introduced  by  Sir  Golds- 
worthy  Gumcy  in  both  hou-ses  o(  Parliament.  Steam,  hot  water,  gas,  and  coal  or 
coke,  in  open  or  enclosed  lire-pluces,  are  equally  available  for  the  process,  while 
the  cost  is  less  and  the  cflVct  greater  tlian  with  any  otlier  known  means.  The 
apparatus  are  successfully  in  use  in  St.  Paul's  Cathedral,  York  Minster,  eighteen  other 
cathedrals.  looo  cliurclies  in  England,  and  a  larj^e  number  of  government,  public, 
and  private  buildings,  and  mansions.  Abroad,  Hartmann  at  Augsburg.  B«»yer  iod 
Co.  at  Ludwigshafen,  Bacon  and  Perkins  at  Hamburg,  have  invented  more  or  lea 
excellent  calorifdres.  Those  by  Bcinhardt  and  Sammet,  at  Mannheim,  appear  to  be 
of  very  great  efficacy  ;  they  are  so  contrived  that  the  fuel  is  thoroughly  burnt,  not 
even  any  soot  or  smoke  being  left,  while  the  air  is  rendered  agreeably  moist  by  the 
gentle  dripping  of  water  on  the  hot-air  gulls.  The  temperature  of  the  air  ctn 
be  kept  uniform  for  days  and  weeks  consecutively.  As  this  apparatus  if  used  in  a 
dwelling-house  is  placed  in  the  cellar  and  the  whole  house  heated,  there  is  no  dust 
nor  other  inconvenience  attending  the  ordinarj*  fire-places.  Tliis  apparatus  con- 
sumes only  a  small  quantity  of  fuel,  and  requires  as  an  attendant  an  ordinaij 
labourer.  In  the  air-heating  apparatus  invented  by  Boyer  and  Co.,  I^udwigshafen, 
now  in  use  in  many  large  buildings  in  Miinich.  Wiirzhurg.  and  otlier  Bavarisn 
towns,  the  heating  pipes  are  not  made  of  wrought-iron  but  of  charcoal  cast-iron, 
while  the  dimensions  and  shape  are  so  arranged  as  to  expose  the  pipes  as  little  as 
possible  to  injury  from  the  fire,  and  yet  to  afford  a  large  heating  surface.  F-t  everr 
kilo,  of  coals  hourly  burnt.  2*5  square  metres  of  heating  surface  are  present.  In  ordtr 
thoroughly  to  utilise  the  heat  of  the  products  of  combustion,  these  products  spb 
caused  to  pass  through  a  scries  of  pipes,  some  of  which  are  coated  with  a  smooth 
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layer  of  mortar,  for  the  i)urpose  of  preventing  loss  of  heat  by  radiation.  The  heat 
of  the  products  of  combustion  escaping  into  the  chimney  is  below  ioo° ;  and  these 
products  consist  only  of  watery  vapour  and  carbonic  acid.  In  order  to  render  the 
hot  air  supplied  by  this  apparatus  pleasantly  moists  water  is  evaporated  with 
the  heated  air  at  the  rate  of  15  to  2  litres  per  100  cubic  metres  heating  surface. 

FiaeHMtiaff.  Tlus  mode  of  heating,  now  confined  to  hothouses  for  plants,  and  even 
there  superseded  by  better  methods,  consists  chiefly  in  carrying  the  products  of 
combustion  of  a  stove  or  furnace  through  a  series  of  pipes  wliich  are  placed  within 
the  room  to  be  heated,  and  are  at  the  opposite  end  to  the  furnace  connected  with  a 
chimney.  If  tliis  plan  is  adopted  for  heating  dwelling-houses,  the  furnace  is  placed 
in  the  cellar ;  but  experience  has  shown  that  this  method  of  heating,  except  in  the 
case  of  hothouses,  is  too  crude,  and,  moreover,  dangerous,  as  by  overheating  of 
the  flues  fire  may  ensue. 

HotpwftterHeatioc.  Instead  of  heating  air  directly,  it  is  often  heated  intermediately  by 
water,  which,  owing  to  its  high  specific  heat,  is  eminently  adapted  to  tliis  purpose. 
This  kind  of  heating  is  known  as  hot- water  heating,  i  kilo,  of  water  at  100°  emits, 
while  cooling  to  20^  80  units  of  heat,  capable  of  heating  32  kilos.,  or  2461  cubic 
metres  of  air  to  10°.  The  system  of  hot-water  heating  is  based  upon  the  placing  of 
a  vessel  filled  witli  hot  water  in  the  space  to  be  heated,  care  being  taken  to  keep  up 
the  temperature  of  tlie  water.  In  the  ordinary  hot-water  apparatus,  the  fluid  ia 
never  heated  higher  than  its  boiling-point,  and  is  usually  kept  many  degrees  below 
that  temperature  ;  hence  this  metliod  is  termed  low-pressure  water  heating. 
This  low-pressure  or  ordinary  hot-water  heating  is  maintained — 

a.  By  circulation  through  a  closed  boiler  which  is  heated. 

b.  By  circulation  and  syphon  action  between  an  open  and  a  heated  vessel. 

a.  In  this  method  there  is  fitted  to  a  boiler,  quite  closed,  a  series  of  pipes,  through 
which  the  hot  water  is  conveyed  from  and  the  cooled  water  returned  to  the  boiler. 
The  principle  of  the  circulation  of  the  water  may  be  elucidated  by  Fig.  334.  The 
water  is  heated  in  a,  c  is  the  ascending  tube,  df  are  the 

tubes  through  which  the  water  is  returned  to  the  boiler. 
The  tube  e  serves  for  tlie  purpose  of  filling  the  apparatus 
with  fresh  water,  as  well  as  for  the  escape  of  any  air  or 
steam  which  might  be  evolved.  The  hot  water  ascending 
in  0  causes  a  circulation  in  the  apparatus,  which  when  once 
commenced  is  maintained  as  long  as  the  heating  is  con- 
tinued. From  time  to  time  it  is  necessary  to  unscrew  tlie 
cap  at «,  for  the  purpose  of  adding  a  small  quantity  of  water. 
Usually  e  is  provided  with  a  stop-cock,  which  admits  of  the 
introduction  of  a  funnel.  For  100  cubic  feet  of  space  to  be 
heated,  20  to  30  square  feet  of  heating  surface  are  required. 
The  heat  of  tlie  warm-water  apparatus  is  imparted  to  the 

rooms  through  stoves,  usually  made  of  sheet-iron.  These  stoves  are  cylindrical 
in  shape,  2  to  3  metres  high,  by  03  to  07  metre  diameter,  and  fitted  with  a 
series  of  pipes  in  which  the  air  becomes  heated  by  a  larger  hot- water  tube. 

b.  The  other  method  of  hot-water  heating  by  means  of  an  open  boiler  with 
syphon  action,  or  the  so-called  thermo-syphou  of  Fowler,  as  compared  witli  the  first 
method,  has  the  disadvantage  that  from  an  open  boiler  a  considerable  loss  of  heat  is 
unavoidable,  while  it  is  difficult  also  to  prevent  accumulation  of  air  on  the  upper 
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part  of  the  syphon  tuhe.  The  height  to  which  the  tnhing  can  be  carried  is  in  thii 
system,  too,  limited  to  the  height  equivalent  to  the  atmospheric  pressure,  aboal  30  feet 
for  a  column  of  water. 

Perkins's  so-called  high-pressure  hot  water  system,  wherein  the  temperature 
of  the  water  in  immediate  contact  with  the  fire  is  raised  to  150',  200**,  and  cren  500^, 
consists  of  a  closed  tube  filled  with  water.  One-sixth  of  the  length  of  this  tabe  is 
coiled  and  placed  in  a  furnace ;  tlie  other  five-sixths  are  heated  by  the  circolatioD  ol 
the  hot  water.  The  tubes  are  of  malleable  iron,  capable  of  resisting  a  pnessars 
of  3000  lbs.  per  square  inch.  More  recently  tlie  hot  water  from  native  hot  springs 
or  obtained  from  bored  artesian  wells,  has  been,  as  for  instance  at  Baden-Baden, 
employed  for  the  purpose  of  heating.  At  Baden-Baden  the  hot  water  (67*^  froB  a 
native  spring  is  used  to  heat  a  church. 

HeaUng  with  Steam.  This  method  of  heating  is  based  upon  tlie  latent  heat  contained  is 
steam,  i  kilo,  of  steam  at  100''  contains  so  much  latent  heat  that  by  it  5*5  kilos,  of 
water  can  be  heated  from  o*  to  100**. 

A  steam-heating  apparatus  consists  of  a  boiler,  steam-pipes,  and  pipes,  which  re- 
convey  the  condensed  water  to  the  boiler.  The  boiler  may  be  constmcted  in  the 
usual  manner.  The  steam  pipes  are  of  cast-iron  and  placed  vertical]}*,  or  if  hori- 
zontally, with  a  gentle  slope  towards  the  boiler.  If  several  stories  of  a  building 
have  to  be  heated,  a  main  steam-pipe  is  carried  to  the  highest  story,  and  biandi 
pipes  are  fitted  to  it.  The  pipes  are  here  and  there  fitted  with  air  valves  for  the  pnr- 
pose  of  permitting  the  expulsion  of  the  air  compressed  by  the  steam.  Tlie  boilfx,  if 
low-pressure  steam  be  used,  should  also  be  provided  with  an  air  valve,  in  order  to 
prevent  the  collapse  of  the  boiler  by  the  outer  atmospheric  pressure  if  the  generation 
of  steam  ceases.  Heating  by  means  of  steum  is  advantageously  applicable  in  works 
where  steam  is  used  as  a  motive  power. 

comi.inrttion  of  sti^am  and       "Very  recently  it  has  been  proposed  to  combine  steam-  with  hot- 
iioi-wauriioiitin}?.       watcr-heating,  and  to  heat  from  one  central   locality  a   serie*  of 
buildings  and  houBes,  in  the  same  manner  as  these  are  now  supplied  from  one  central 
reserv'oir  with  gas  or  water. 

Gan-HeatinR.  It  is  Well  kuowu  that  illuminating  gas  is  now  very  generally  used  fur 
the  purpose  ol  heating,  being  in  this  application  best  mixed  with  air,  as  is  tlie  case, 
for  instance,  in  the  Bunsen  burner. 

Gas  is  used  for  cooking  in  stoves  specially  constructed  for  the  purpose,  and  also  for 
heating  apartments  and  buildings.  As  a  rule  it  may  be  assumed  that  the  combus- 
tion of  5  cubic  feet  of  gas  is  sufficient  to  elevate  the  temperature  of  1000  cubic  fctt 
of  air  12°,  and  one-fifth  of  this  quantity  of  gas  suffices  by  its  combustion  to  keep  the 
temperature  constant. 

HcatiiiK  without       There  iH  no  doubt  that  an  inexhaustible  supply  of  heat  exists  as  lat^^nt 

Ordinary  Fuel,  heat,  wiiich  can  be  set  free  by  friction,  or,  in  other  words,  by  the  conversivn 
of  mechanical  force  into  heat. 

Notwithstanding  many  mechanicians  have  constructed  apparatus  for  producing  heat  by 
mechanical  force,  none  of  these  have  been  found  practically  available,  and  some  were  fouuJ 
to  be  extremely  wasteful.  The  heat  generated  by  the  fermentation  of  manure  is  usefally 
applied  to  heating  hothouses,  by  placing  under  the  mauiure  heap  thin  sheet-iron  pipes, 
which  convey  the  heat  into  the  hothouse. 

/?.  Boiler  Heating  and  Consumption  of  Smo^-e. 
Boflcr  Heating.       Stcam-boilers  are  as  a  rule  built  in  brick-work,  and  in  their  con- 
struction, as  well  as  that  of  the  furnace  they  are  fitted  with,  economy  of  fuel  is  the 
great  object.     The  furnace  is  of  course  built  with  fire-bars  and  ash-pit.     The  grata 
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©r  fir(y-bars  consist  of  parallel  cast-iron  bars,  the  size  and  shape  of  which  depend 
upon  the  kind  of  fuel  to  be  used,  while  as  regards  the  space  between  the  bars  expe- 
lience  has  taught  that  the  sum  8ht>uld  not  amount  to  more  tlian  one-fourth  of  the 
total  surface  of  the  grate.  A  large  grate  has  the  advantage  of  more  freely  admitting 
air  to  tlie  fuel,  while  obstruction  by  clinker  and  slag  is  less  to  be  feared.  The 
operation  of  firing  with  a  large  grate  is  more  easily  conducted,  and  can  take  place  at 
longer  intervals  of  time.  Of  course  tlie  grate  must  be  kept  entirely  covered  with 
fuel.  Small  grates  may  be  preferable  in  some  instances,  especially  where  a  vivid 
combustion  is  required.  Grates  for  wood  fuel  may  have  half  the  surface  required  for 
coal,  as  with  tlie  former  the  openings  between  the  bars  do  not  become  clioked  with 
clinker  and  slag.  According  to  E.  Kochlin  a  grate  for  burning  in  one  hour  350  kilos. 
of  old  oak  wood  should  be  of  i  square  metre  surface  with  4  square  metre  for  space 
between  the  bars.  Usually,  however,  the  grates  for  wood  fuel  are  made  four  times 
smaller  than  those  for  coal. 

Tlie  fire-place  or  furnace  should  of  course  be  constructed  of  sufBcient  height^ 
width,  and  depth  to  admit  of  the  proper  combustion  of  the  fuel.  The  fuel  should  be 
thrown  into  tlie  furnace  in  sufficiently  large  quantity  at  once  to  keep  up  the  steam 
adequately.  Too  frequent  firing  is  not  economical,  because  a  large  quantity  of  cold 
air  is  admitted,  which  cools  the  boiler  and  interferes  with  the  proper  combustion  of 
the  fuel.  The  dimensions  of  the  furnace  doors  must  bear  a  proper  proportion  to  the 
size  of  the  furnace,  and  tliese  doors  must  close  tightly  so  as  to  prevent  draughts  of 
air  impinging  on  the  burning  fael. 

^°**Aj^tJf^°*  While  we  cannot  here  enter  into  any  further  details  on  boiler- 
furnaces,  a  subject  really  belonging  to  engineering,  we  may  now  turn  our  attention 
to  smoke«consuming  furnaces,  contrived  with  the  yiew  not  only  of  abating  tlie 
nuisance  arising  from  the  smoke  evolved  in  huge  volumes  from  large  factory  and 
other  chimneys,  but  also  for  the  saving  of  fuel,  it  having  been  ascertained  that  by 
the  ordinary  combustion  of  i  ton  of  coals  25  lbs.  of  soot  are  evolved,  having  a 
heating  power  of  four-fifths  of  the  coal.  The  loss  occasioned  by  the  carbon  tlius 
carried  off  amounts  to  TJ,th,  or  not  quite  i  per  cent. 

When  green  coals  are  put  in  quantity  on  a  bright  boiler  furnace,  there  is  suddenly 
evolved  an  immense  volume  of  combustible  gases  and  vapours  containing  a  large 
amount  of  carbon  (.benzol,  toluol,  carbolic  acid,  anthracen,  naphthalin,  paraffin,  &c., 
the  oxygen  of  the  air  contained  in  and  supplied  to  tlie  furnace  being  usually  insuffi- 
cient to  cause  the  complete  combustion  of  these  substances,  so  that  only  the  hydrogen 
boms,  while  the  carbon  is  separated  as  smoke  and  soot,  the  evolution  being  promoted 
by  the  comparatively  cool  state  of  the  boiler-plates,  as  well  as  by  the  large  infiux  of 
cold  air  at  the  time  of  firing.  The  contrivances  for  preventing  and  consuming 
smoke  are  based  upon  different  principles;  for  instance: — a.  Air  is  sometimes 
conveyed  to  the  fire-bridge  by  means  of  a  separate  pipe  or  channel,  b.  Two 
adjoining  furnaces  are  connected  and  alternately  fired  in  such  a  manner  that  the 
smoke  of  the  furnace  last  fired  is  consumed  in  the  high  red  heat  of  the  other  furnace. 
e.  The  fjresh  fuel  is  spread  over  only  the  front  of  tlie  fire  nearest  the  furnace- door,  so 
that  the  evolved  gases  may  be  consumed  by  the  red-hot  fire  on  the  bars.  d.  The 
feeding  is  effected  by  mechanical  means,  uninterruptedly,  in  such  a  manner  that  the 
fuel  on  the  bars  remains  in  a  high  state  of  incandescence,  e.  The  construction  of 
very  high  chimneys  has  been  resorted  to  for  the  purpose  of  supplying  a  rapid  current 
of  air ;  but  this  expedient,  a  very  expensive  one,  does  not  answer  the  purpose,  and 
leads  to  loss  of  heat. 
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We  may  id  cu  Lion  bricflj  the  following  smoke -preventing  and  consomifig  ; 
rat us : — 

I,  Mechanicftl  removal  of  tlie  smoke  by  wasJiing  the  products  of  cot^i 
BOtnc  chemicftl  works  near  Newcaatle-iipon-Tyne  tlie  smoke  of  Uie  difi<  ^ 
is  wushed  by  a  spray  of  water  previous  to  being  passed  into  t!ic  chimney,     ir 
purpose  liie  smoke  of  the  different  fiirnacea  of  the  work  is  cc»]iclucte<i  into 
ranean  brick-work  channels^  so  constructed  mth  knce-bcndsthat  tlie  smoke  is  < 
to  flow  upwards  and  downwards  alternately,  while  at  Uie  mouth  of  the  fumace-i 
continuous  spray  of  water  is  caused  to  inipiuf^e  upon  the  smoke,  whereby  all  ( 
particles  arc  tliro^^Ti  down  and  are  removed  from  tlie  channels  as  soot.  There  isiQ^ 
case  only  one  cliinitify.  in  which  tJie  drauj^ht  is  kept  up  bymeana  either  of  a  bii 
air  or  a  jet  of  injected  steam.    Jean,  at  I^ris,  has  somewhat  modified  this  mptliod  by  * 
causing  the  smoke  and  waste  steam  of  a  high-pressure  engine  to  be  conreyed  i 
subterranean   channel   covered  with  a  la3^er  of  water  several  centimetres  in  < 
while  a  jet  of  cold  water  is  made  to  play  upon  the  smoke  and  steanu     The 
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is  provided  with  a  kind  of  water-wheel,  which  do(?s  not  qnite  touch  the  snrfa^e  ofl 
water,  but  xs  fitted  with  brnslios.  which,   touching  the  water,  project  it  as 
through  tiie  channel.     The  water  becomes  heated,  and  serves  after  6Itr&tiott  as  I 
water, 

2.  Application  of  improved  fire-bars,  to  bo  distinguished  as  (a>  immovmblc.  1 
(b)  movable. 

9i»i.Of»tp,      Among  the  immovable  grates  are  the  step-   and   sfii<Q^e-^nites, 
former  consists  of  a  series  of  step-like  stages  of  firebars,  to  which  the  p.tker  1 
access  from  the  ash  pit.     By  the  heat  of  Uie  fire  on  the  lower  steps  thf*  fu#^1  i 
higher  step  is  converted  into  coke,  and  only  after  this  process  has  contin'i 
time  is  l-hc  partly  coked  fui^l  raked  down  to  a  hnver  step,  while  fre«h  - 
placed  on  tlie  higher.    Tlie  air  enters  tliis  kind  of  grate  not  only  throi»|:;h  the  1 
between  the  bars,  but  also  hitoridly  through  the  grated  space  W^twceti   lli» 
Caking  coal,  or  coal  which  makes  much  slag,  does  not  answer  as  foe]  in  ihis| 
but  small  coal,  refuse  peat,  sawdust,  &;c  ,  are  well  adapted.     Instead  olirnfi  1 
MM.  I^)ngridge  and  Mush  nnikf*  use  of  slabs  of  ftre^clay,  provided  with 
and  pei'forutions  so  as  to  constitute  a  grating. 
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aii«t  or  stafi  Onto.  This  18  a  modification  of  the  grate  just  described,  and  was  inyented 
bj  Langen  (1866).  The  green  fuel  is  not  placed  above  the  burning  fuel,  but  under 
it,  for  which  purpose  the  grate  is  constructed  in  stages,  the  fire-bars  being  inclined 
to  the  horizon  at  an  angle  of  about  28^  There  is  between  each  etage,  or  stage,  of 
the  grate  a  space  of  about  12  centims.  The  fuel  becomes  coked,  and  the  volatile 
products  pass,  mixed  with  air,  through  several  stages  of  incandescent  fuel,  thus 
insuring  complete  combustion. 

MoTftbiB  ontM.  The  leading  idea  of  these  grates  is  to  effect  the  firing  by  mechanical 
means.    Among  these  the  chain  grate  and  rotating  grate  deserve  notice. 

ohftinonta.  Notwithstanding  the  expensive  nature  of  this  invention,  it  has  been 
fimnd  useful  in  practice  and  is  employed  in  many  establishments.     It  consists 
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(Fig.  335)  of  two  endless  flat  chains,  00,  which  run  on  two  octo- geared  rollers. 
Between  these  chains  the  fire-bars  are  placed  longitudinally,  so  tliat  the  grate 
consists  of  an  endless  series  of  bars.  The  distance  of  tlie  two  rollers  from  each 
other  determines  the  length  of  the  grate.  A  rotating  motion  is  imparted  at  o  in  such 
a  manner  that  tlie  grate  moves  tlirough  27  to  30  millimetres  per  minute.  The  fresh 
foel  is  thro^-n  in  at  b,  and  is  carried  continuously  towards  tlie  fire.  The  height  of 
the  layer  of  fuel  is  regulated  by  means  of  the  slide- damper,  d.  which  can  be  moved 
by  means  of  the  lever,  p.  The  chains  and  rollers  are  supported  by  the  truck,  i, 
running  on  the  iron  rails,  h  h.  The  velocity  of  the  grate  is  so  regulated  that  the 
fuel  is  entirely  consumed  when  arriving  at  tlie  end  of  the  fire-place.  There  are 
several  serious  defects*  in  this  apparatus.  It  is  complicated,  soon  out  of  repair, 
•requires  a  considerable  amount  of  force  to  maintain  its  motion,  and  it  does  not 
altogether  prevent  smoke,  while,  finally,  it  is  found  wasteful  for  fuel. 
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BoutiDffOnta.  This  Contrivance,  invented  by  Collier,  consists  of  a  rolstmg  iiie 
which  supplies  the  coal  to  the  furnace  uniformly  through  a  slit  cut  below  the  fnniact 
doors.    This  apparatus  has  never  been  extensively  in  use. 

improTtd  Fad  soppiy.  3.  Among  the  numerous  suggestions  for  the  better  feeding  of  fin- 
naces  are  the  following : — 

Collier's' feeder  (1823)  consists  essentially  of  two  horizontal  eraaliing  nlkn 
provided  with  projections,  so  that  the  coal  is  broken  up  into  nniftMrm  lumps,  and 
then  thrown  into  the  fire  by  wheels  provided  with  scoops  revolving  200  times  a 
minute.  This  mechanism  requires  a  half  nominal  horse-power  to  maintain  itBmntioB, 
Stanley's  feeder,  Fig.  336.  consists  of  a  funnel,  a,  fitted  with  toothed  emshiiig 
rollers.  The  crushed  coals  foil  on  the  distributor,  b,  which  rotating  with  greit 
velocity  throws  the  coals  uniformly  on  to  the  fire.  Notwithstanding  the  defects  of 
this  invention,  the  chief  being  tliat  it  is  not  possible  for  the  stoker  to  fire  hard  if 
required,  this  apparatus  certainly  prevents  smoke,  but  is  also  liable  to  be  quicklv 
out  of  repair. 

puK  rir«.  Pult  fires  were  first  introduced  by  Wedgwood  for  porcelain  furnaces. 
The  characteristic  feature  is  the  mode  of  admitting  air,  which  instead  of  entering  ta 
usual  from  below  is  forced  downwards.  The  grate  is  placed  in  a  sloping  positioo. 
The  fire-doors  remain  open,  while  the  ash-pit  is  quite  closed.  This  arrangement 
fulfils  certainly  all  the  conditions  of  compliete  combustion,  but  in  practice  has  not 
answered  and  is  only  applicable  with  wood  fuel. 

voRi'i  ante.  The  fire-bars  in  this  grate  are  placed  at  an  angle  of  33**.  The  coals  ire 
snppUed  by  means  of  a  funnel,  and  the  bars  can  be  shaken  up  and  down  by  mechanictl 
means. 

Boquiiion'A  onite.  An  arrangement  of  rather  complicated  nature  intended  to  be  applie*!  to 
house  Btoves,  and  so  constructed  that  the  greon  fuel  is  brought  under  the  gluwinjr  futL 
The  grate  consists  of  a  horizontal  movable  cylinder,  upon  which  the  fu€4  rests.  Wh^a 
fresh  fuel  is  added,  this  cylinder  is  turned  so  as  to  cause  the  fuel  to  be  placed  below  the  re-l- 

Appanitns  of  Cutler  hot  ciudcrs.  In  practice  this  grate  has  not  answered,  being  too  ct>nip]i- 
and  oeorKo.  catcd.  In  many  cases  it  has  been  attempted  to  feed  the  fires  in  an  ascen.ling 
mode,  as,  for  instance,  in  Cutler's  grate,  improved  upon  by  Amott  in  1854.  The  coals 
are  burnt  from  an  iron  vessel  which  is  by  mechanical  means  lifted  over  the  lire,  the  supplj 
of  coals  in  the  vessel  being  regulated  to  last  for  twenty-four  hours.  In  George's  apparatus 
the  fuel  is  supplied  to  the  grate  by  means  of  a  screw  propeller. 

ApparntuH  with  Unequal       4«   Among   the   apparatus  in  which  smoke  is   prevented  by  an 
DLitrii.ution.  unequal  distribution  of  fuel  on  the  grate,  that  of  Dumery,  deserves 

notice.  This  arrangement  is  distinguished  from  those  of  Cutler  and  George  by  the  fresh 
fuel  being  put  on  from  both  sides  of  the  grate  under  the  red-hot  cinders.  For  tlii- 
purpose  the  grate  is  strongly  curved  upwards,  exhibiting  a  saddle  shape.  The  fuel 
is  forced  on  to  the  grate  by  mechanical  means  in  such  a  manner  that  it  is  first  placed  on 
the  lowest  fire-bars,  and  gradually  forced  towards  the  centre.  This  principle  w^as  known 
to  Watt  in  1785,  and  was  applied  by  him  in  a  slanting  grate. 

Tenbrinck  also  places  the  grate  in  a  sloping  direction,  so  that  the  coals  tumble  towanis 
the  fire-bridge,  and  accumulating  there  as  incandescent  coke  cause  the  complete  cumbti>- 
ti*m  of  the  fuel.  In  Corbin's  grate  a  partition  of  fire-brick  is  employed.  Fairbaim  (18371 
aj^oars  to  have  been  the  first  to  contrive  smokeless  grates.  In  his  double  grate  the  fur- 
nace is  provided  with  two  hearths,  two  grates,  and  two  furnace  doors.  The  graU>6 
are  separated  from  each  other  by  a  partition  of  fire-bricks.  The  stoking  is  so  regulate*! 
that  while  the  one  furnace  is  in  full  combustion,  the  other  is  supplied  with  fresh  fuel,  tbi- 
operation  occurring  at  regular  intervals  and  aJternately.  The  result  is  that  the  smoke 
and  gases  evolved  are  burnt  by  the  highly  incandescent  fuel  of  the  other  furnace.  Pe 
Buzonniere  contrives  to  force  the  smoke  of  one  furnace  under  the  incandescent  fnel 
of  the  other.  With  a  properly  regulated  supply  of  air  and  regularity  of  stoking,  it  has 
been  proved,  by  a  series  of  experiments  made  on  the  largo  scale  with  a  40  horse-power 
marine  multi-tubular  boiler,  by  the  late  Dr.  Richardson,  of  Newcastle-on-Tyne,  and  by  Messrs 
Longridge  and  Sir  William  Armstrong,  that  with  all  kinds  of  coal  and  with  every  varifcjy 
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of  steam  boiler,  smokeless  and  complete  oomb^astion  of  the  facl  may  be  obtained  without 
difficolty,  the  plan  being  attended  with  a  ooU:!iiderable  saving  of  fuel  and  production  of  its 
highest  calorific  effect. 

b**^S'A5a  o"  couJtSSS  5'  N®*'^y  ^^  attempts  in  this  direction  have  proved  an  utter 
^  AirCamnu*  failure  in  practice.  Parkes's  (1820)  split  bridge  was  constructed  with 
the  view  of  causing  the  air  to  flow  partly  as  usual  under  the  grate,  partly  to  act  at  the 
end  of  the  furnace  so  as  to  effect  a  complete  combustion.  Palazot^s  invention,  highly 
oommended  by^-Bumat,  Tresca,  and  others,  appears  to  be  somewhat  similar;  Chanter's 
arrangement  consists  essentially  of  two  grates  placed  parallel  to  each  other.  The  green 
fuel  is  put  upon  one  of  these,  and  having  been  coked  by  the  incandescence  of  the  fuel  on 
the  other  grate  is  raked  on  to  that,  thus  insuring  complete  combustion  increased  by 
Literal  jets  of  air. 

oaU'i  Fire-pUe*.  Gall,  reversing  the  rule  that  the  dimensions  of  a  factory  chimney  should 
bear  a  proportionate  relation  to  the  quantity  of  fuel  to  be  burnt,  has  constructed 
ohimneys,  the  highest  point  of  which  above  the  buildings  is  only  0*6  metro,  and  which, 
therefore,  simply  serve  to  carry  off  the  products  of  combustion.  As  the  difference  of 
temperature  is  the  cause  of  the  draught  of  a  furnace,  Gall  maintains  a  very  high  tem- 
perature in  the  combustion  room ;  and  in  order  to.  carry  this  out  all  the  causes  of  loss  of 
heat  are  reduced  to  a  minimum  in  the  following  manner : — a.  While  in  the  ordinal^  mode 
of  stoking  the  heat  of  the  combustion  room  is  necessarily  lowered  by  the  influx  of  cold 
air,  the  grating  in  Gall's  arrangement  is  partitioned  in  such  a  manner  that  each  compart- 
ment is  gradually  supplied  with  fresh  fuel,  by  which  arrangement  the  formation  of  smoke 
is  prevented,  b.  The  furnace  is  constructed  so  that  the  stoker  cannot  possibly  put  on  too 
heavy  a  charge  of  green  coals,  while  he  is  compelled  to  spread  these  uniformly  over  the 
fire.  c.  The  loss  of  heat  by  radiation  from  the  brick- work,  fire-doors,  Ac,  is  prevented 
by  causing  the  air  required  for  the  combustion  of  the  fuel  to  pass  these  hot  surfaces. 
d.  Gall  retards  the  velocity  of  the  gases  which  escape  to  the  chimney,  while  the  surface  of 
the  grate  and  the  section  of  the  chimney  are  enlarged.  Indeed,  the  entire  arrangement  is 
quite  different  from  that  in  ordinary  use,  as  the  fire-bars  are  placed  3  metres  below  the 
boiler,  while  the  grate  is  very  deep.  It  was  found,  however,  that  when  well  built  there 
was  a  sufficient  draught,  and  steam  could  be  kept  up.  Nothing  is  stated  as  regards 
the  nature  of  the  gases  issuing  from  the  chimney. 

BMomft.  As  regards  smoke  consuming  and  preventing  apparatus,  it  is  only  too 
evident  that  most  of  these  do  not  answer  the  purpose  so  completely  as  might 
be  expected.  Practical  experience  has,  however,  taught  that  if  the  conditions 
of  complete  combustion  are  well  attended  to  in  the  construction  of  the  furnace,  that 
with  proper  management  and  regular  mode  of  stoking,  adequate  supply  of  air, 
and  the  application  of  the  well-known  means  of  preventing  loss  of  heat  by  radiation, 
with  coal,  peat,  or  any  othor  fuel,  the  combustion  may  be  so  conducted  as  to 
be  smokeless ;  and  at  the  same  time  the  fuel  thoroughly  utilised. 
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ACETATE  of  alamina,  263 
lead,  04 

Aoetometrj,  468 

Adamantine  or  oiamond-boron,  266 

Adnlteration  of  white-lead,  72 

ASroatatical  lampfl,  64 1 

Air  dniinH,  476 

—  gaa,  674 
Alabaster  glam,  290 
Albomen  glue  636 

Alkali  for  treating  gold,  106 
Alcohol,  424 

—  and  itB  tecbnioallj  important  pro- 

perties, 424 

—  TUiegar  from,  461 
Alooholometry,  447 
Alizarine,  684 
Alkalimetry,  224 

Alloys   and  preparations  made  and 
obtained  from  metals,  4 

—  of  copper.  61 

gold,  109 

lead.  62 

rickel  and  copper,  41 

—  -.  siWer,  103 

—  pla-inum,  96 
Aloebemp,  341 
Alpaca  wool,  495 

Alom  and  bulphate  of  alumina,  naea 
of,  263 

earths.  267 

roaffting,  267 

—  floor,  258 

—  from  Bauxite,  259 

bla»>t  farnaoe  vlag,  260 

felspar,  260 

—  mannfiict.ur  ,  material  of,  266 

—  preparation,  267 

—  —  from  alom-stone,  267 
day,  258 

alam-ahale  and  alnm  earthf, 

267 
cryolite,  258 

—  prodnctiou,  256 

—  propertie-  of,  260 
^  shale,  267 

—  work',  preparat'on  of  green  vitriol 

as  a  b> -product  in,  32 
Alnmina  acetate,  263 

—  sulphate  of,  261 
Alnminate  of  Foda,  262 
Alnmiiiatr  s.  256 
Alnmintim.  applications  of,  114 
— -  preparations  113 

—  properties  of,  113 


Amalgamation,  eztraotion  of  aUvn  hft 
97 

—  process,  American,  98 

—  —  Boropean,  97 

American  amalgamatien  prooeai,  98 

Ammonia-alum,  260 

Ammonia  and  ammoniacal  salts,  226 

—  as  a  by-prodabt  of  beetroot  sngar 

manufacture,  236 

—  carbonate,  238 
— -  from  bones,  236 

gas-water,  230 

Unt,  234 

— -  inorganic  soorces  of;  228 

—  nitrate,  238 

—  preparation  of  liquid,  227 

—  sulphate,  238 
Ammoniacal  liquor,  666 

—  salts,  techniciilly  important,  S86 
Amorphous  phosphorus,  645 
Anioias  hemp,  341 

Aniline,  573 

—  black,  579 

—  blue,  678 

—  brown.  579 

—  colourii.  575 

—  green,  578 

—  orange,  579 

—  printing,  614 

—  red.  675 

—  violet,  677 

—  yellow,  579 
Annatto  or  amotto,  696 
Annealing,  20 
Annular  kilns,  317 
Anthracen  pigments,  684 
Anthrachinon.  684 
Anthracite,  719 
Antiohlor,  349 

Antimonial  preparations  in  »^elmV»jj 

use,  84 
Antimony,  82 

—  black  snlphuret  of,  85 

—  cinnabar,  85 

—  oxide,  14 

— -  properties  of,  84 

—  snlphuiet  for  refining  goM,  100 
Apparatus  for  consuming  smoke,  74t 
Apparatus  for  distilling,  432 

heating,  731 

Areometer,  447 

—  to  test  milk,  668 
Arrow-root  staiob,  360 
Arsenic  85 

—  add,  86 
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Arsenic,  red,  or  realgar,  87 

—  snlpburetf,  86 

—  yellow  sulpbaret,  87  — 
Arsenious  acid,  85 

Artificial  illuminati  m,  617 

Asphulte,  484 

Assay,  dry,  103 

.9—  iiydroBtatical,  104 

—  of  silver,  103 

—  wet,  104 

Aogsbarg  method  of  maah-boiling,  410 
AuGUSTiN's   method  ot    silver    ex- 

tractioD,  99 
Aamm  mosivnin,  mosaic  gold,  75 
Aventnrin  glass,  291 
Asale,  587 
Azaleine,  676 
Aznline,  578,  581 
Aznrine,  578 

BALDAMUS    and   Qbuhx*8  gas, 
674 
Balling's  saooharometrical  beerteaot, 

420 
Bandanas,  616 
Bai  iron,  20 

properties  of,  26 

Bark  of  oak,  509 

—  or  red  tanning,  509 

Baoxite,  preparation  of  alom  from, 

259 
Beer  brewing,  403 

materials,  403 

^  constitaents  of,  418 

—  procef  sea  of  brewing,  405 

—  testing,  420 

—  wort  fermentation,  405,  414 
Beet,  chemical  conetitnents  of,  368 

—  molasses,  382 

—  ep  cies  c»f,  367 

—  washing  and  cleansing,  371 
Beet-root  juice,  components  of,  373 
evaporating,  380 

filtration  tbroogh  animal  char- 
coal and  evaporation  of,  374 

—  separating  the  juice  from,  371 
'< —  Diina  from,  171 

— -  sugar,  367 

manufactory,  ammonia  aa  a  by- 
product ()f,  236 
Bell-metal.  51 
Benzol,  670 
Berlin  blue,  36 

—  —  soluble,  37 

hf^riin  or  Prussian  blue  on  wool,  604 
Berth iBB's  reduction  method,  700 
Bebzelius'8  indigo  teet,  593 
Bessemer  steel.  27 
Bicarbonate  of  soda,  190 
Bismuth,  applications  of,  77 

—  occurrence  and  mode  of  obtaining, 

76 
Bismnth,  properties  of,  77 


Bisulphate  of  soda,  214 
Bitumen,  paraffin  from,  685 
Black-jack,    mode  of  obtaining  aino 

from,  79 
Black  platinum,  96 
•^  supburet  of  antimony,  85 
Blast,  blowing  engine  and,  12 
Blast-furnace,  chemioal  prooeas  going 

on  in  the  interuir  of^  13 

—  description  of,  11 

—  gases,  16 

—  process,  10 

—  temperature  of  at  different  poinftB^ 

15 
Blasting  powder,  new  kinds,  154 
Bleaching.  597 

—  glass.  270 
Bleaching-powder  and  hjpochloriia^ 

214 
.  •—  preparation,  214 

—  properties  of,  220 

—  theory  of  the  formation  of,  220    . 
Blistered  metal,  refining,  49 
Blowing  engine  and  blast,  12 

Blue  va%  602 
'—  vitriol,  64 

applications  of,  56 

Boghead  coal,  722 

Bohemian  crystal  glass,  268 

Boiler  heating,  740 

Boiler  plate,  ruUing,  24 

Bols  roux,  roasted  wood,  712 

Bombay  hemp,  341 

Bone-ash  decompo!^ition  by  aalpliaric 

acid,  638 
Bone-black  preparation,  553 

—  properties,  554 

—  substitutes,  555 
Bones,  ammonia  from,  235 

—  glue  from,  632 
BOQUILLONS  grate,  744 
Boughebib's  method  of  mineralising 

.  wood,  477 
Boradc  acid,  formation,  250 

production,  250 

properties  and  uses,  251 

Borax,  252 

—  from  boracic  acid,  252 

—  octahedral,  255 

—  porif;  ing.  254 

—  nses  of,  255 

Boric  or  boracic  acid  and  borAz,  249 
Brandy  distilling,  relation  of  to  agii« 

culture,  448 
Brazil  or  camwood,  588 
Bra«s52 

—  tinning  of.  75 
Bread  baking,  451 

—  composition  of,  459 

—  imparities  and  adolteraiioiiy  4^0 

—  making,  modes  of,  451 

—  oven,  454 
Bremen  blue,  56 
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Bremen  green,  56 
Brewirg  by  steam,  418 

—  beir,  403 

—  pre  cess,  by  products  of,  423 
Brick  material  3 LI 

—  monlding,  312 
Bricks,  310 

—  and  lime  kilns  for  buiningi  325 
^  field  burning  of,  318 

—  fire,  319 

—  floating,  318 

—  from  dried  clay,  314 

—  the  burning  of,  315 
Brine,  boiling  down,  168 

—  common  salt  from,  168 

—  conocntrating,  168 
Briquettes,  730 
Bromine  preparation,  193 
Bronze,  51 

Brown  ccal,  691,  716 
Brunswick-green,  66 
Buckthorn  dyers,  596 
Burners  for  wotd  gas,  670 
Burning  of  the  bricks,  315 
Butter,  558 

—  chemical  nature  of,  559 

CADMIUM,  82 
Caking  coal,  719 
Calcining  or  roasting  the  ores,  48 
Calcium-soap.  249 
Calico  dyeing.  608 

—  printiuir,  612 
discharges,  611 

—  —  re8i^ts  or  reskrves,  610 

—  —  thickenings,  610 
Oalorifdred,  738 
Calorific  effec^  698 
Campeachy,  594 
Camwood  or  Brazil,  588 
Candle  n  akin?,  627 
Candles  fiom  fatty  adds,  631 

—  light  from,  620 

—  moulding.  628,  633 

—  paraffin,  630 

—  sperm,  634 

—  stearine,  621 

—  tallow.  629 

—  wax,  631 
Cane-sugar,  364 
Caoutchouc,  484 

—  and  gutta-percha,  mixture  of,  488 

—  production  and  consumption  of,  486 

—  solvents  of,  485 

—  VDlcani^ed,  486 
Capsule,  or  saf^ger,  301 
Carbolic  acid  dyes,  580 
Carbon,  211 

— -  imparting   to    wrought-iron,    for 
steel -making,  28 

—  sulphide,  210 
Carbonate  of  ammonia,  238 
potassa,  118, 121 


Carbonised  peat,  716 

Cardboard,  854 

Caiinthian  cast-steel,  27 

Carmine-red,  589 

Carrara  and  Parian,  304 

Cartridges  of  needle-gunf,  mixtoxe  for 

igniting,  157 
Cassava  starch,  360 
Casein  as  a  eement,  562 

glue,  536 

Cashmere.  500 

—  wool,  496 
Casselmann's  green,  57 
Cassius's  purple,  111 
Cast-iron,  16 

—  crude,  re-melting,  18 
•—  enamelling,  20 

—  grey,  16 

—  white,  16 
Cast-steel,  29 
Caustic  potaf  sa,  133 

—  soda,  189 

Cement^    artificial,    manofactnre    in 

Germany,  330 
Cements,  327 

—  artificial,  328 

—  lutes  and  putty,  491 
Cementation  process,  107 
Centrifugal  drier,  381 

—  machine,  391 

Ceramic  or  eai  then  ware  manufactiir& 

293 
Cereals,  vinous  maah  from,  426 
Chair  grate,  743 
Chamber  acid,  206 
Charbon  roux,  torrified  charcoal,  711 
Charcoal,  animal  553 

—  —  Berlin  blue  as  a  by-prodnct  hi 

manufacture  of,  37 

—  burning,  706 

—  combustibility  and  heating  effect, 

711 

—  properties  of,  710 

—  revivification  of,  555 

—  sulphur  obtained  by  the  reaction  of 

sulphurous  acid  on,  198 

—  torrified,  or  charbon  roux,  711 

—  wood,  7(»4 
Chatham  Hght,  680 
Cheese,  559 

Chemical  metallurgy,  4 
Chestnut  f>t8rch,  360 
Chili-saltpetre,  iodine  from,  192 

—  preparation  of  nitrate  of  potasMi 

from,  138 
Chimney  heating,  733 
Chinese  galls,  511 
China  gras^  340 
Chlorate  of  potasss,  223 
Chloride  of  sulphur,  211 

—  -^  cino,  81 

potassium,  119 

Chlorine,  214 
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Chlorine,  appftrmtap  for  piepwinp,  216 
Chlorine,  condensiDg  appanOut.  217 

—  prepmratiun    withoat  maDgaoeM^ 

215 
— -  pnKlnctioii  leridnea,  otiliiatiop,  218 

—  xc«idiief,otht:rmeUiodaoCiitilidiiiff, 

219 
ChloTOOM^trj,  221 
Chlorometrcal  degima,  222 
ChroniHte  of  lead,  64,  66 

sine,  81 

Chrom&Uri  of  doUmm,  applicttioDi  oL 

65 
Chrome-alam,  67 

Chrome,  oxide  or  dironie  green,  67 
"^  red,  66 

—  yei'ow,  66 
Cincbonioe  pigmente,  585 
Cinnabar.  91 

CUy,  kiodo  of,  294 

—  pipefi.  309 

^  pn-paration  of  alam  from,  258 
V for  bfrick-making,  311 

—  ware  dense,  296 

kintis  or,  296 

pnrouii,  297 

C!ayB  and  their  applioatioo,  293 

—  colour  of,  294 

—  plasticity  of,  294 

—  technically  important  qnaliUes  ol^ 

293 
Clinkerti,  Dntch,  318 
Cloth,  boagh,  washing  and  milling,  499 

—  drpftfinf;,  499 

—  fabrics,  600 

—  teasliD^  and  shearing,  490 

—  while,  606 
— -  weaving,  499 
Coal,  717 

—  BoKhea^,  722 

—  br"wn,  716 

—  caking,  719 

—  acces8ory  constituents  of,  718 
Coal-tar  66G 

—  olours  569 
Coal-KM  646 

—  Berlin  bloe  as  a  by-prodact   in 

manufacture  of,  37 

—  Com^to-inoD  of.  668 

—  manufacture  of,  648 

—  manufacture,  by-products  of,  665 
Coals  ca  orific  effect,  721 

—  clas-itication  'f,  718 

—  CTaporative  effect  of.  721 
Cobalt  and  potassa,  nitnte  of  prot- 
oxide of,  39 

—  brofize,  39 

—  colouTH,  37 

—  P'etTi.  3y 

—  metallic,  37 

—  protoxide,  chemically  pme^  89 

—  speiss,  38 

—  ultramitrine,  38 


Csmlenm,  39 

Cochenille.  <r  oo<4iiiiealy  589 

C  co%-nat  fibre.  341  . 

Cocoon,  killing  oC  the  pupa  in,  503 

Coke,  665  723 

—  oompueition  and  ralne  as  fuel,  729 

—  propertio  «if,  729 
Coking  in  beaM,  724 

—  in  OTens,  724 
Collodion,  162 
Colorine,  588 
Coloued  fifes,  157 
Colours,  aniline,  575 

—  coal-tar,  569 

—  topical,  nr  anrfaoe^  618 
Cols«  oU,  637 
Common  pottery,  310 
Coolers  for  water,  309 
Copper,  43 

—  alloys.  51 

—  amalgam,  54 

—  and  tiickt-1  alloys,  41 

—  blistered  or  crnde,  49 

—  from  oxidised  ores  49 

—  hydromt- tailurgical  method  of  iie- 

paring  49 
•^  ores,  treatinc;  of  for  extraction,  44 

—  pigments  56 

—  preparaticins  of.  54 

—  properties  of,  50 

—  rtfioing,  46 

—  smelting  finglish  mode,  47 

—  solution  for  electro- plating,  116 

—  sunnate  of  oxide  of,  58 

—  sulphate,  64 

—  tinning  of,  75 

Copper- plate  engravings,  reprodnctioni 

Copperas,  31 

Coralline,  581 

Cord  wain,  Cordovan  leather,  521 

Cordials,  preparation  of,  482 

Cork  pommels  to  raiM  the  grain  of 

leather,  519 
Cotton,  342 

—  combing  or  carding,  342 

—  detection  in  linen  fabrics,  343 

—  fabr  ca.  343 

—  species.  342 

—  spinning.  342 

—  substitutes,  343 
Crucibles,  321 

—  distillation  of  zinc  in,  79 

Crude  iron,  statistics  concerning  the 

production  of,  18 
Cryolite,  dec(»m position  of  by  ignition 

with  carbonate  of  lime,  259 
with  caustic  lime   by  the 

wet  way,  259 

—  glass,  201 

—  preparation  of  alum  from,  258 

—  boOti  Iroli ,  188 
Crystal-glasts  285 
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Cnpola,  or  shaft  furnace,  18 

Cutch,  612 

CjraDide  of  potasBiam,  36 

DAMA8CBNB,  30 
Decoction  method  of  pifDarinff 
the  wort,  409  *-    ±—    6 

Decompoeition  fornace,  new,  173 
Defoa#-liDg,  446 

De-liming,  or  witurating  the  juice  with 
carbonic  acid,  373 

—  the  juice,  other  methods,  374 
Devillb  and  Dbbbay's  method  of 

extracting  platinum,  96 
Dextrine.  361 

Diamimd  boron,  or  adamantine,  266 
Dinan  bricka,  321 
Discharge  nyie,  614 
Discharges,  calico  printing,  611 
Distillation  of  the  mash,  431 
Distillery  apparatus,  432 

—  —  continuous,  440 
Dividiyi,  511 
DoRN's  apparatus,  433 
Drain  tiles,  318 
DuMONT  8  filter,  376 
DUNLOP  s  process.  218 
Dutch  clinkers,  318 

—  til&s  318 
Dje-materials,  blue,  691 

—  red,  686 
Dyeing  and  printing  in  general,  668 

—  blue,  and  with   logwood    and   a 

copper  salt,  604 

—  calico,  608 

—  linen,  609 

—  spun  >arn  and  woron  textile  fab- 

rics, 599 

—  silk.  606 

—  wool  blue,  601 
red,  605 

—  woollen  fabrics,  601 

—  yt^llnw,  604 
Dyes,  568 

—  black.  605 

—  brown,  green,  and  black,  696 

—  caibolic  acid,  680 

—  green,  605 
•  —  red,  less  important^  691 

—  yellow,  695 
Dynamite,  Nobel*8»  160 

I^FFEBVBSCINO  wines,  899 
^        Eiayl  platino-chloride,  96 
Electric  light  680 
Electro-metallurgy,  114 
Blectro-plating  with  gold  and  iilTep, 

115 
Blec'ro-stereotyping,  117 
Electrolytic  law,  114 
Electrotyping,  116 
Bmerald  green,  68 


Enamel,  bone  glass,  290 
Enamelling  of  cast-iron,  SO 
BograTing  steel.  31 
Etage  or  »tage  gra»e,  742 
Etching  by  galvanism,  117 
Etruscan  vases,  309 
Buropean  amalgamation  process,  97 
Explosive  compounds,  teohnoloer  oL 
148 

FAGGOT  gradstion,  168 
Fatty  Hcid4,  candles  from,  631 

—  —  manuficture,  627 
FayencA  ware,  307 

—  —  flowing  colour*,  809 
•—  omamenting,  308 
Felspar,  293 

—  mode  of  obtaining  potaasa  from. 

122 
Fermentation,  886 

—  after,  in  the  casks,  416 

—  alcoholic  or  vinous,  conditions  oi; 

389  ^ 

—  of  the  grape  juice,  393 

potato  mash,  429 

•—  —  —  beer  wort.  414 
mash,  427 

—  sedimentar?,  416 

—  surface,  417 
Ferments,  substitutes  for,  466 
Fibre  vegetable,  technology  of,  838 
Filter  for  beer-root  juice,  876 
Fire-bricks,  319 

Fire-clay  stoves.  734 

Fixe-gUding.  110 

Fireplace  gulls,  746 

Fire,  requ-8it»-s  for  producing,  646 

Firework  mixtur*  s, commonly  used,  166 

Fireworks,  chemistry  of,  148 

—  chlorate  of  potassa  mixture,  166 

—  friction  mixtures,  166 

•—  grey-coloured  mixtuzee  for,  166 
Flame,  618 
Flannel.  600 
Flax,  388 

—  combing,  340 

—  beating  or  batting,  839 

—  hot-water  cleansing,  839 

—  spinning,  340 

Flaxes  from  New  Zealand,  841 
Fleck's  process  of  preparing  phoqiho* 

rus.  543 
Floating  bricks  318 
Flowers  of  sulphur,  197 
Flue  heating,  739 
Franklinite,  9 
Frieae,  600 
Fritte  porcelain,  French,  804 

English.  304 

FucHS's  beer  tost,  422 

Fuchsin.  675 

Fuel  artificial,  729 

—  and  heating  apparatus^  696 
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Fuel,  brown  coal  as,  717 

—  combaBtibilitj  of,  698 

—  determinatioiiof  oombnstiTepower. 

699 

—  elementary  analTfia,  700 

—  inflammability  of,  698 

—  gaaeoafi,  730 

—  petroleam  as,  722 

—  pyrometrical  calorific  effect,  701 

—  specific  calorific  effect,  701 

—  sopply  improTed,  744 

—  8tbombybb*8  test,  701 

—  value  of  coke  as,  729 
Fulling  soaps,  245 
Fulminating  mercury,  92 
Furnace,  cupola  or  shaftp  18 

—  rever  beratory,  18 

—  working  copper  ores  in,  44 
Fustic,  yellow  dye.  695 
Fusel  oilfl,  removing,  445 

C^  ALACTOSCOPB  to  test  milk,  658 
T    Gall-nut,  611 
Gall^b  Apparatus,  435 

—  fireplace,  745 
Galvanism,  application  of,  114 

—  etching  by,  117 
Galvanography,  117 
Galena,  59 
Garancioe  587 
Garanceux,  587 

Gas,  Baldamus  and  Qbunb's,  674 

—  bumerd,  665 

—  carbaretted,  674 

—  charging  the  retorts  and  distilla- 

tion, 650 

—  cooling  or  condensing  apparatus,  652 

—  difttribntion  of,  660 

—  exhauster,  654 

—  general  introduction  and  historical 

notep,  645 

—  heating  740 

—  GiLLARD'8  platinum,  672 

—  for  heating  purposes,  731 
illuminating  testing,  661 

—  from  pent,  670 
petroleum,  676 

petroleum  oil,  or  oil  from  bitu- 
minous shales,  675 

suint,  675 

wood,  668 

—  holders,  656 

—  hydiaulic  valve,  661 

—  ISOABD'S  674 

—  lighting,  raw  materials  of,  646 

—  lime,  667 

—  mnnufiicture,  sulphur  as  a  by-pro- 

duct, 198 

—  meters,  664 

—  oil,  reein,  674 

—  pressure  regulator,  661 

—  products  of  the  distillation,  647 

—  purifying,  654 


Oas,  retorts,  648 

—  the  scrubber,  653 
Gas- water,  671 

—  —  ammonia  tram,  230 
Gaseous  fuel,  730 
Gases,  blast-furnace,  15 

—  heating  with,  24 
Gattt'b  proceM,  219 
GAT-LiTdSAC's  chlorometrio   method, 

221 

Qentelb*8  method  of  pfepaiing  phos- 
phorus, 644 

GsBLAND's  method  of  preparing  pho*- 
phorui^  644 

German  iron  refining  prooeas,  21 

—  sUver.  63 

Germination  of  the  softened  grain,  406 
Gilding,  110 

—  by  the  cold  process,  110 
wet  way,  110 

—  porcelain,  bright,  303 
GiLLABD'B  gas,  672 

Glass,  aluminium- caldnm  alkali,  269 

—  aventurin,  291 

—  bleaching  270 

—  bottle,  282 

—  classification,  of  the  various  kindfl^ 

268 

—  clear  melting,  275 

—  cold  stoking,  275 

—  coloured,  and  glass  staining,  289 

—  crown,  277 

—  crjolite,  291 

—  crystal,  285 

—  defects  in,  276 

—  definition  and  general  properties 

of,  268 

—  filigree  or  reticulated,  292 

—  ice,  291 

—  making,  raw  materials,  269 

—  material  melting,  275 

—  melting  and  clearing,  280 

—  optical,  286 

—  oven,  271 

—  painting,  289 

—  pearls,  292 

—  plate,  279 

casting  and  cooling,  281 

or  window,  276 

polishing,  281 

—  platinising,  282 

—  potassinm-ciIciDm,  268 

—  potaspium-lead,  269 

—  preparation  of  the  material  and 

melting,  274 

—  pressed  and  cut,  283 

—  refuse,  utilisation,  270 

—  relief,  291 

—  sheet  or  cylinder,  278 

—  silvering,  281 

by  precipitation,  281 

—  sodium-calcium,  268 

—  technology  of,  268 
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Qiaos,  the  melting  yesstl,  270 
-—  tools  for,  277 

—  various  kinds,  276 

—  water.  283 

G  LAUBER's  salt,  213 
Gloe  boilinfir,  528 

—  drying,  531 

—  from  boneti,  632 
leather,  529 

—  liqaid,  533 

—  substitutes  for,  536 

—  test  for  quality  of,  533 

—  treating  with  lime,  529 
Gluten  glue,  536 
Gl>cerine,  634 
Glyphography,  117 

Gold  alloys,  109 

—  applications  of,  110 

—  chemically  pure,  108 

—  colour  of,  109 

—  and    bilver,   electro-plating  with, 

115 

—  extraction  from  other  metallic  ores, 

106 
poor  materials,  106 

—  leaf  for  gilding,  110 

—  mode  of  extracting,  105 

—  mode  of  extraoting  by  medos  of 

mercury,  106 

—  mosaic,  75 

—  occurrence  and  mode  of  extracting, 

105 

—  properties  of,  108 

—  retiniug.  106 

—  salts,  111 

—  Hze,  4b9 

—  smelting  for,  106 

—  tolutitn  for  electro-plating,  116 

—  testing  the  fineness  of,  109 

—  treating  with  alkali,  106 
Grain  germinated  drying,  407 
Giape-juic  •  ferm*  ntation,  393 
Grape-sugar,  383 

—  preparMinn,  384 

—  uses  of,  386 
Grapes,  pressing,  391 
Grate,  Hoqi'illon  s,  744 

—  chain,  743 

—  6tage  or  stage,  743 

—  rotatinjr  744 

—  step,  742 

—  VooL's  744 
Grates,  movable,  743 
Green  vitiiol,  31 

preparation  of,  as  a  by-product 

in  a  um  works,  32 
Grcnate  brown,  581 
GBUK£B£Uti*s  method  of  estimating 

the  value  of  potash,  226 
Gun-cottoD,  IGO 

—  as  a  substitute  for  gunpowder,  162 

—  other  uses,  162 

—  properties  of,  161 


Gun -metal,  51 
Gunpowder,  148,  156 

—  calling  or  pressing,  150 

—  com  position,  152 

—  drying.  151 

—  granulated,  polishing,  150 

—  granulation  of  the  cake,  and  sorfc- 

ing  the  powder,  150 

—  manufacture,  US 

mechanical  operations.  149 

—  mixing  the  ingredients,  149 

—  products  of  combustion  of,  153 

—  properties  of.  151  • 

—  pulverising  the  ingredienta,  149 

—  sifting  the  dust  from,  151 

—  te»tmg  strength  of,  154 

—  white,  154 

Gutta-percha  and  caoutchoac,  mixture 
of,  488 

—  solventp,  487 

—  uses  of,  487 
Gutter  tiles.  318 
Gypsum,  333 

—  csstf,  336 

—  grinding,  335 

—  hardening  of,  336 

—  kilns  or  burning  ovens  for,  334 

—  na'ure  of,  333 

—  uses  of  335 

HABANA  brown,  580 
Hsematinon  astralite,  291 
Haematite  iron  ore,  8 
Heat,  mechanical  equivalent  of,  702 
Heating  apparatus,  731 

—  by  flues,  739 

hot  air,  737 

water,  739 

—  direct,732 

—  dwelling-houses,  732 

—  with  gases,  24 
steam,  740 

—  without  ordinary  fuel,  740 
Heaton  steel,  28 

Hemp,  340 

~  substitutes,  340 

Hides,  cleansing,  514 

—  swelling,  515 

—  stripping  off  the  hair,  515 

—  HoFMANN  8  process,  219 
Holland«»r  miU,  347 

Hops,  404 

—  adding,  412 

—  quality  of,  404 

—  substitutes  for,  405 
Hot-pressing,  finishing,  and  dreflBiog 

616 
House^i,  heating,  732 
Hungarian  tawing  {Process,  524 
Hyalography,  292 
Hydraulic  main  for  gas,  650 

—  mortar,  327 

—  valve,  661 


VUl 


IKDEX. 


Hydrocarbon   process  (WHlTB^a)   for 

wBter-gas,  673 
Hydrochloric  acid,  211 

properties  of,  213 

uses  of,  213 

Hypochlorites  alkaline,  223 
HypoHulphite  of  soda,  201 
Hyposulphoroos  acid,  199 

ICE-GLASS,  291 
Illumination,  artificial  in  general, 
617 

—  TeSsib  du  Motat'b  method,  679 
— 'W'iih  lamps,  636 

Ind  ia-rubber,pieparation  and  use  of  ,486 
Indigo,  691 

—  properties,  592 

—  recovery  from  rags,  604 

—  testing,  592 
Indiffo-blue,  594,  602 
Ink  for  marking,  105 

—  —  printing,  489 

Iodine  from  carbonised  sea-weed  192 
Chili-saltpetre,  192 

—  preparation,  191 

pmperties  and  u<>e8  of,  193 

Iron,  8 

—  ca*'t,  16 

—  cement,  493 

—  crude  16 

—  extrac'ion,  9 

—  —  process,  theory  of,  10 

—  foundry  work,  18 

malleable,  tinning  of,  75 

—  metallic,  green  Titriol  from,  32 

—  minium,  32 

—  ore  haematite,  8 

magnetic,  8 

., marsh,  9 

pea.  9 

_  —  gpAthnse,  8 

refining  by  mechanioal  mean9,  24 

German,  21 

Swedish,  22 

—  sheet,  tinned,  75 

—  stones,  734 

—  wire  manufacture,  25 
Ininglas?,  535 
IsoABu's  gap,  674 

TUTE,  341 

KAOLIN,  203 
Karmabsch's     evaporation 
method,  GDO 
Kelp,  130 

—  preparation  of  iodine  from,  191 
Kilns,  annular,  317 

—  for  burning  lime  and  bricks,  325 
pypsum,  334 

lime,  c^ntinuotis,  324 

occasional  or  periodic,  323 

Kino,  512 


Knapp's  leather,  525 
Kneading  machines,  453 

LAO  dye,590 
Lacquered  leather,  621 
Lactose,  sugar  of  milk,  557 
Lake  pigments,  568 
Laming  mixture,  667 
Lamp  with  constant  oil  level,  640 
Lamp§,  636 

—  for  illumination,  636 

—  petrolt  urn  oil  and  paraffin  oil,  644 

—  pressure,  641 

—  statical,    mechanical,    dockwoik, 

moderator,  642 

—  suction,  639 

—  various  kinds,  639 

Lamt'8  refining  apparatus  for  sulphur, 

196 
Lanoieb's  apparatus,  443 
Lant,  ammonia  from,  234 
Lead  acetate,  64 

—  alloys.  62 

—  basic  chloride  of  as  a  sabstitute 

for  white-lead,  71 
— -  chloride,  white-lead  from,  71 

—  cbromate,  64,  66 

— -  containing   silver,  mode  of   pre- 
paring, 100 

—  metallic,  applications  of,  62 

—  obtained  by  calcination,  60 
— precipitation,  59 

—  occurrence  of,  59 

—  oxide,  63 

combinations  of,  64 

—  preparations  of,  63 

—  properties  of,  62 

—  sulphate,  white-lead  from,  70 

—  peroxi<'e,  64 

Leaden  pans,  concentration  in,  207 
Leather,  cud^aiu,  Coidovan,  521 

—  dressing  or  cuirjing,  518 

—  finishing,  519 

—  for  gl»'V<s,  524 

—  glue,  529 

—  grainiog,  519 

—  greasing,  519 

—  Knapp  8  process,  525 

—  lacquered.  521 

—  moroax),  520,  521 

—  poli>hiDg  with  pumice-stone,  519 

—  preparation  of  while,  522 

—  Russia,  520 

—  R.  le,  518 

—  the  paling,  518 

—  the  Fcraping  or  smoothing, 

—  upper,  618 

Li-BLANC'9  process  theory  of,  183 
I.EPKiNCK  8  water-gas,  674 
Ley,  242 

—  evaporation  of,  180,  257 

Light,  materials    and   apparatns  for 
producing  artiticial«  617 
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Z\  De  an<^  Vrickfi,  kilnw  far barniog,  325 
lime-buming,  322 

—  cements,  491 

—  light,  678 

—  preparation  of  fatty  acids  by  meanB 

of,  621 

—  properties  of,  322,  225 
^  t«lakiDg,  326 

—  sulphite  of,  201 

—  treating  glae  wi^,  529 

—  uees  of,  326 
Linen-dyeing,  609 

—  fabrics,  detection  of  oottoa  ia,  343 

—  Roods  pribting,  616 
Litharge,  63 

—  revivification  of,  61 
Litbophanie,  303 
Litmup,  594 
Liquation  prtKiess,  47 
Liquid  glue,  533 
Lixiyiaiion,  257 
Loam,  296 
Logwood,  594 

—  and  a  copper  salt  to  dye  blae,  604 
London  board,  354 

Lucifer  matchet!  manufacture,  548 
LuKOE*8  apparatus,  232 
Lustres,  309 
Lye,  raw,  breaking  up  of,  136 

boiling  do  wo,  136 

treatment  of,  136 

MACHINE  for  paper^atting,  35S 
—  paper,  352 
Machines  for  moulding  bricks,  312 
Madder,  586 

—  flowers  of,  587 

—  lake,  587 
Magdala  red,  583 
Magenta,  575 
Magnesium,  114 

—  Ught,  679 
Magnetic  iron  ore,  8 
MaUchite,  43 

Malleable,  bar,  or  wrought  iroa,  20 

Mallet'h  hpparatus,  230 

Malt,  the  Muising  of,  408 

Malting,  405 

Mandarin  printin^r,  616 

Manilla  hemp.  341 

Manganef>e  and  its  preparations,  111 

—  soap,  249 

—  teetiug  the  quality  of,  111 
Maiking  ink,  105 

MarL  295 
Marsh  iron  ore,  9 
Martin  steel,  28 
Martins  yellow,  582 
Mash  boiling  thick,  409 

—  distillation  of,  43 1 

—  from  potatoes,  427 
roots,  429 

—  with  solphnric  acid,  428 


MHshin^\  408 

Mas^icot,  63 

Matches  anti-phosphor,  552 

—  lucifer,  manufacture  of,  548 

—  wax  or  Testa,  553 
Mauve,  575 

Meat.,  constituents  of,  562 

—  the  cooking  of,  563 
^  generalities,  562 

—  preservation  of,  564 

—  salting  565 

^  smoking  or  corioflr,  566 

—  the  boi'iog  of,  564 
Meerschaum  pipes,  artificial,  337 
Mercurial  compounds,  91 
Mercuric  chloride,  91 
Mercury,  applications  of,  91 

—  extracting  by  Spanish  method,  89 

—  extraction  of  gold  by  means  of,  106 

—  fulminating,  92 

—  method  of  decomposing  by  the  aid 

of  other  substances,  90 

—  method  of  extracting,  parsued  in 

Idria,  87 

—  occurrence  and  mode  of  obtaining, 

87 

—  or  quicksilver,  87 

—  preparations  of,  91 

—  properties  of,  91 

Metal,  coarse,  roasting  or  calcining, 

49 
Metals,  alloys  and  preparationsfrom,  4 

—  steel  and  other,  30 

Metallic  iron,  green  vitriol  from,  32 
Metallochromy,  117 
Metallurgy,  chemical,  4 

—  meaning  of  the  term,  4 
Meters  for  gas,  664 
Milk,  556 

—  meAns  to  prevent  becomlDg  sour, 

557 

—  sugar  of— lactose,  557 

—  testing,  657 
Millifiore  work,  292 

Minaby'8  process  of  preparing  phos- 
phorus, 544 
Mineral  green  and  blue,  57 

—  oil,  pnparatioQ of,  694 

—  potash,  121 
Mineralising  wood,  476 
Minium,  led-lead,  63 
Mohair,  495 
MOUB'S  method,  225 
Moire-metal lique,  75 
Molasses,  366 

—  beet,  382, 

—  potash  from,  122 
Mordants,  601.  609 
Morocco  leather,  520,  521 
Mortar,  326 

—  hardening,  327 

—  hydraulic  hardening  oi^  331 
Mosaic  gold,  75 
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MufBes,  disiillMiion  of  zine  in,  78 
Muriatic  acid,  211 
Must,  chemical  coDBtitaeDts  of,  391 
Mycoderma  aceti,  vinegar  with  the 
help  of,  466 

IVTAPHTHALINE  blue  andnaptha- 
1>         line  vi.aet,  583 

—  pigments,  581 
Netipo  itan  yellow,  85 
Neft-gil,  paraffin  from,  684 
Nettle  cloth  and  muslin,  341 
Nickel  and  copper  a)k)jB,  41 

—  and  its  ores,  39 

^  metallic  preparation,  41 

—  pn)pertie8  of,  43 

—  silver,  53 

Nitrate  of  ammonia,  238 

potassa,  134 

preparation     from      Ohili* 

saltpetie,  138 

silver,  105 

pod  a,  soda  from,  189 

tin,  76 

Nitric  acid,  142 

bleaching,  143 

condensation,  144 

density  of,  146 

—  —  laminif,  147 

—  —  in  salti)etre,  quantitative  esti- 

mation of.  140 
miinufactuie,    o'her    methods, 

145 

uses  of,  1 47 

Nitro-benzol,  572 

—  pigment  directly  from,  581 
Nitro-gly<XTlne,  158 
Nobel's  dynnmite,  160 
Nut-galli*,  511 

OAK  bark,  5l>i> 
Oil,  bluf*..  57 

—  cements,  401 

—  colzA  minernl,  037 

—  gas,  re-in  pa«.  (174 

—  yarnishes,  488 

Oils  ciude,  rectification  of,  689 

—  essential  and  resins,  480 

extraction  by  fatty  oils,  481 

preparation  of,  481 

—  paraffin,  OSI'. 

—  purifying  or  refining,  036 

—  treatment  of  *he  products  of  dis- 

tillaticn  of,  OSi) 
Oleic  acul  soap,  2i.'> 
Olive-oil  8oap,  21li 
Optical  glass,  25<6 
Ores,  4 

—  calcining,  or  roasting,  48 

—  dressing  of,  5 

—  oxidited,  copper  from,  49 

—  preparation  of,  5 


Ores,  smelting,  4S 
— -  smelting  of,  5 
Orchil  and  Penrio,  590 
Orpiment,  97 
Ovens,  coking  io,  724 

—  for  burning  gypsum,  334 

—  for  porcelain,  301 

—  or  kilnn,  carbonisation  of  wood  in 

706  708 
Oxide  of  antimony,  84 
Oxidised  silver,  105 
Oxysulpbnret  of  antimony,  85 
Ozokerite  and  neft-gil,  paraffin  from, 

G84 

TJiBONINE  or  coralline,  681 

Pans  for  evaporating  beet-root  juice 

375 
Paper-cutting  machine,  353 

—  difPercnr,  kinds,  351 

—  drying,  351 

—  history  of,  345 

—  machine-made,  352 

—  making,  345 

—  manufacture  by  hand,  346 

—  materials  of  manuf^*ture,  3-46 
^  pressing,  351  • 

—  pulp-bluing,  350 

—  sheets  straining,  350 

—  s'zing  351 

-^  sizing  the  pulp,  350 
Papier-rua*!  e,  355 
PaiMffin  cand  cs  (U^O 

—  CJ^U'le.  n  fti  ing  of,  690 

—  *rom  bitumen,  G^o 

—  from  ozokerite  and  neft-gil,  G84 

—  HrBNER's  method  of   i^^paring, 

OIK) 

—  manufacture,  G83 

—  oils,  fi83,  693 

—  oil  lamps,  644 

—  preparati  »n  by  dry  distillaticMi,  6S 

—  from  petroleum,  684 

—  projjerties  of,  692 

—  yield  of,  (;91 
Ptixchmeut,  527 
— -  paper,  355 

Parian  ai.d  Carrara,  304 

Paste,  493 

Pasteboard  making,  353 

Patti neon's  method  of  re&ning  silver, 

101 
Pea-irun  ere,  9 
Pearls,  blovvn,  292 

—  solid,  2t>2 

—  glasp,  292 
Peat.  712 

—  c  +  rbonised,  715 

—  dryinu'.  713 

—  Gray.  670 

—  benliuL'  effect  of,  715 

—  new  method  of  utilising,  716 
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Pecqnf  r  eTaporating  pan,  376 
Penny's  indigo  test,  61)3 
Penot  fl  test,  221 
Peras,  729 
Percussion  c«p9,  93 

—  powderp,  loO 
Perfumt'8  chemical,  482 
Perfumery,  481 
Permanganate  of  po'assa,  112 
Petroleum  »8  fuel.  722 

—  constitution,  f>90 

—  crude,  re  tin  njj,  (100 

—  oil  and  its  occurrence,  695 
pa"  from.  (J75 

lamps  044 

—  origin  and  formation  of,  695 

—  technology,  097 
PETTfcNKoyKB'a  process  for  n  storing 

pictures,  490 
Phpnicienne,  phenyl  brown,  581 
Phenyl  blue,  581 
PhosphoTUR,  distillation  of,  538 

—  Fleck  s  process,  543 

—  making,  burning  the  bones  to  asb, 

538 

—  manufacture,  537 

—  other  pn»p«^8td  methods  of    pie* 

paring,  543 

—  prepay  in  p  by  Gentele,  Gerlakd, 

Mi  NARY,  and  Somdky's  methods, 
544 

—  pri-pertifs  of,  544 
and  preparation,  537 

—  red  or  amorphous,  545 

—  refined,  moulding,  541 

—  refinng  and  purifying.  540 
Phvsic,  or  titrate  of  tin,  76 
Picric  acid,  580 

Pictuies.  Pettfnkofkb's  pxooess  for 

restoring.  490 
Pig  or  crude  iron,  9 
Pikal>a  hemp,  341 
Pigments  <rom  cinchoaine,  535 

—  lake,  508 

—  naph'haline,  581 

—  red,  o^Q 
Pip«fl  of  cl«y,  309 
Pi.**Toni(;8'8  apparatus,  435 
Pit  coal,  717 

Plaster  of  Paris  forms,  moulding  in, 

299 
Platinum  alloys,  96 

—  black,  96 

vinegar,  with  the  help  of,  467 

—  gas,  072 

—  hamojered  or  cast,  95 

—  method  of  Deville  and  Debray, 

95 

—  occurrence  of,  93 

—  ores,  93 

—  piopcities  of  95 

—  retorts,  207 

—  bpongy,  95 


Platinum,  Woilaston's  method  of 
extracting,  94 

Porcelain  articles,  preparation  with- 
out moulds,  299 

—  bright  gilding,  303 

—  casting  299 

—  clay,  293 

—  drying,  299 
the  mass,  297 

—  faulty  ware,  502 

—  French  fritte,  304 

—  glaze  apply'ng,  300 

—  glazing,  299 

—  kneading  the  dried  mass,  298 

—  grinding  and  mixing  the  materia], 

297 

—  hard,  297 

—  ornamenting,  303 

—  oven,  301 

—  painting,  302 

—  oven,  emptying  and  sorting   the 

ware,  302 

—  silvering  and  platinising,  303 

—  tender,  304 

—  moulding.  298 

—  the  potter's  wheel,  298 
Portland  ciment,  329 
Potash  from  molasses,  122 

—  from  the  ashes  of  plant",  122 

—  Gruneberg's  method  of  estimating 

the  value  of,  226 

—  purified  preparation  of,  133 
Pota^sa  and  cobalt,  nitrate  of  prot- 
oxide of,  39 

—  carbonate  of,  118 

—  chlorate  of,  223 

—  chromates,  applications  of,  65 

—  mode  of  obtaining  from  felspar,  122 

—  neutral  or  yellow  chromate  of,  64 

—  nitrate  of,  134 

—  permanganate  of,  112 

—  salts  from  sea- water.  122 

sea-weeds,  129 

suint,  132 

the  Stassfnrt  salt  minerals^ 

118 

—  sources  whence,  derived,  118 

—  sulphate  of,  121 

—  yellow  prussi^te  of,  32 
Potassium,  chloride  of,  preparation,  119 

—  cyanide,  35 
Potatoes,  mash  from,  427 

—  starch  from,  357 
Potato-mash  fermentation,  429 

—  starch  drying.  358 
Potter's  clay.  295 
Pottery  common.  310 

Printing  and  dyeing  in  general,  568 

—  ink„489 

—  linen  goods,  616 

—  silk  goods,  616 

—  woollen  gocds,  616 
^  of  woven  fabrics,  609 
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PrMs'an  blue  rn  wool,  604 
Paddliog  furnace,  22 

—  process,  22 

Pulp,  bleaching,  lor  paper,  349 
Palt  fires,  744 

Pumice-stone  to  polish  leather,  519 
Purple,  Ca881U8*8.  Ill 
Pj rites  d»t illation,  green  vitriol  from 
residues  of,  32 

—  preparation  of  sulphur  from,  197 

—  use  of  for  the  preparation  of  sul- 

phurous acid,  206 
Pyrotechny,  148 

—  cbemiciil  principles  of,  155 

QUARTATION,  107 
Quercitron  bark,  596  ' 
Qaicksiiver  or  mercurj,  87 

T>  ^CJS,  cutting  and  cleaning,  347 
XX  —  for  paper,additionB  of  mineral 
to,  346 

—  substitute  foT,  346 
Raw  lead,  61 
Bealgar,  87 

Ked  arsenic,  87 
Red  lead.  63 

—  phosphorus,  545 

—  prussiate  of  potash,  35 
Refined  s'eel,  29 
Refining  copper,  46 
Resins,  483 

Rerin  cements,  402 

—  gap,  678 

oil  gas,  674 

Resin- tallow  soap^  245 

Resin,  use  of  as  sealing  wax,  483 
Resume,  745 
Retort  furnaces,  650 
Retorts  for  gas,  648 

—  glas-i,  oncontration  in,  208 

—  platinum,  207 
Reverberatory  furnace.  18 
Rhea  grnss,  341 

Ric  siaich.  360 

RiNMANN*s  or  cobalt  green,  S9 

Rock  salt,  1G5 

m«>dH  of  working,  167 

lioll  sulphur,  197 

Roofing  tile*',  318 

R  )OtP,  mas>»  fr  >m,  429 

Kos»-ine,  575 

RoSKS  apparatus,  232 

Rough  81  eel,  27 

RuFina,  87 

Russia  leather,  520 

Russian  stoves,  734 

QAC0HAR!MP:TRY,  3G9 
O     iSaccharometrical  beer  test,  Bal- 
ling's, 420 
Sapo,  361 
SMtUower,  589 


Sal  ammoniac,  application  of  gaaet  to 

the  manufactu'e  uf,  16 
Salines,  method  of  obtaining  common 

salt  in,  164 
Salt,  common,  direct  oonTersion    of 

into  soda,  188 

—  —  method  of  obtaining  in  salines, 

164 
method  of  preparing  from  »e»- 

water,  163 
occurrence  of,  163 

—  —  properties  of,  169 

uses  of,  170 

Saltpetre,  134  ^ 

—  tind  sulphur  mixture,  156 
-—  crude,  refining,  137 

—  mode  or  obtaining,  135 

—  occurrence  of  native,  134 

—  of  the  earth,  treatment  of,  135 

—  quantitative  estimation  ot  nitric 

acid  in,  140 

—  testing,  140 

—  uses  of,  141 

Salt-springs,  mo<1e  of  working,  167 
Samian,  or  oil- tawing  process,  525 
Sandalwood  588 
Sanitary  ware,  321 

Sap,  chemical  alteration  of  the  con- 
stituents of,  475 

—  elimination  of  iiie  constituents  of, 

474 
Saponification,  thpoiy  of,  242 

—  with  lime,  023 

—  —  sulphuric  <*c  d,  624 

Water  and  hifh  pnssnre,  62G 

SAUERWEiN'smeihtKi   fdecompcsition 

cryolite  with  Ciustic  lime,  2r>9 
SASony  blue.  (»i>3 
Scuaffnkb's    fu'phnr    regeneration 

pr«ceh"».  185 
SCHKELE  s  green,  57 
Schist  or  alum-shale,  257 
SCHWARz's  arptratus.  436 
SCHWEINPUUT  green,  58 
Sealing-wax,  ut»e  of  re^in  hs.  483 
Sea-weed  carVwiC'l,  i  -din-  from,  192 
Sea- weeds,  potnesa  ^alti*  fr  m,  121» 
Sea-watc",  method  «f  p'«p.ring  com- 
mon salt  from,  163 

—  potHssa  sal ^s  from,  122 
Sericicult'ire,  501 

Shaft  or  cMipola  furnace,  18 

Shagreen,  5:57 

Shear-steel,  29 

Sheep- shearinfr,  41^8 

Shot  manufactuie,  62 

Siderograph},  31 

Sidtrolite  and  leria'ite  wnre,  307 

SiEMENs's  »ppHratU!>,  440 

Silica  nltrumariije  preparation,  267 

Silk,  501 

Silk  bleach intr.  5119 

—  dyeing,  606 
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Silk  goods,  println^r,  616 

—  manipolation,  5()3 

^  scouring  or  boiling  the  gum  out, 

504 
^  testing,  504 
^  to  distinguish  from  wool  and  vege^ 

table  fibre,  506 

—  weaving,  505 
Silkworms,  501 
Silver,  alloys  of,  103 

—  alloy  for  plate,  103 

—  and  gold  for  el«  ciro-plating,  115 

—  and  its  ciccarieuoe,  96 

—  asMiy,  103 

—  chemically  pare,  102 

—  extraction  by  amalgamation,  97 

AUGUSTis's  method,  99 

the  dry  way,  100 

from  its  ores,  96 

—  —  sundry  h>  dro-metallurgical  me- 

thods ot,  99 

—  German  or  nickel,  63 

—  mode  of  preparing  the  lead  con- 

taining. 100 

—  n.trate  of,  105 

—  oxidised,  105 

—  properties  of,  102 

reduction  by  means  of  zinc,  102 

—  ref  ning  process,  100 

—  smelting  tor,  directly,  97 

—  Bolutiuu  tor  eleclio-plating,  116 

—  ultimate  refining  of,  102 
Silveiiiig,  104 

—  by  the  wet  way,  105 
fire  or  igneous,  104* 

—  in  the  cold,  104 
Sizing  the  paper,  351 
Skins',  513 

SKin  of  animals,  anatomy  of,  508 

Slaking  lime,  326 

Smatt,  38 

Smelt,  ttie  mixing  ( f  the,  5 

Sm*  Iting  for  gold,  106 

Sliver  directly,  97 

white  metal,  49 

—  of  nickel  ores,  40 
the  ore,  5 

—  operation,  products  of,  7 

—  piocehs,  course  of,  13 
Smoke  consumption,  745 
Smr>ke-consuming  apparatus,  741 
Snuff,  480 

Soap-»<(>iling,      raw     materials      of, 

239 
Soap  cbief  varieties  of,  243 

—  in8«»)ube,  249 

—  m<ik  iig.  239 

—  tests,  248 

—  trani»parin^,  248 

—  u«es  of,  24S 
Soaps,  toilei.  247 

—  variouB,  247 
Soda-alum,  261 


Soda-a^h,  171 

Soda,  aluminate  of,  26 

—  bicarbonate  of,  190 

—  caastic,  189 

—  crude,  conversion  of  sulphate  into, 

174 
lixiviation  of,  176 

—  direct  conversion  of  common  salt 

into,  188 

—  from  chemical  processes,  172 
cryolite,  188 

Xiiiiaie  if  soda,  189 

soda  plants,  and  from  beet- 
root, 171 

—  furnace,  with  rotatory  hearth,   176 

—  hyposulphite  of.  201 

—  manufacture,  170 

—  occurrence  of  native,  170 

—  preparation  from  sulphate  of  soda 

187 

—  stannate  of.  76 

—  sulphate,  213 

—  sulphate  ust-s  of,  214 

—  oltramHriue  preparatioxL  266 

—  wast«,  sulphur  from.  198 

—  waste  ufili8ation,  184 
Sodic  nitrate,  141 

Soft  soap,  246 

Solferino,  575 

SoMDhYS  procef>Bof  preparing  phos- 
phorus, 544 

Spathic  iron  ore.  green  vitriol  from,  32 

Spat  hose  iron  ore,  8 

Sperm,  or  spermaceti  candles,  634 

Spinning  cotton.  342 

Spinning  flax,  340 

Spirit  from  dry  distillation  of  wood, 
472 

—  manufacture  raw  mateiials,  426 

—  yariiish,  489 

Spirits  from  the  by-products  of  sugar 
inanufactuie,  430 

—  from  *ine  and  maic,  430 

—  the  prtpaiaiion  or  distillation  of, 

424 
Spongy  platinum,  95 
Stags,  5 

Stage,  or  6tage  grate,  743 
Stamp  Diacbine  347 
Stanford  and  Mobide's  method  of 

pieparing  iodine  from  cftr bonified 

sea- weed.  192 
Stannate  of  hoda,  76 
Staich  355 

—  comn»  rcial,  constituents  and  uses 

ot,  360 

—  from  potatoes,  357 

—  nature  Cif.  356 

—  rice,  chestnut,  Caiisava  arrow- root, 

360 

—  sources  of,  357 

Starch-meal,  boiling  with  dilate  snl- 
phuiio  acid,  384 
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Starch  sugar  composition,  386 
Statifitics  CfincerninK  the  prodaction 

of  crude  iron,  18 
Statistics  of  bteel  production,  31 
Steam  brewing,  418 

—  for  heating,  740 
Stearine  candles,  621 
Steel,  26 

—  and  other  metals,  80 

—  engraving,  31 

—  from  malleable    and    crnde    cast 

iron,  29 

—  production,  statistics  of,  31 

—  properties  cf.  29 

—  hardening,  29 
Step  grate,  742 
Stereochromy,  285 
Stibium,  82 
Stoneware,  305 

—  lacquered.  307 

—  ovens,  306 
Stove  heating,  733 
Stoves,  compound,  735 

—  iron,7»4; 

—  of  fire-Way,  734 
StrHSS,  288 
Styrian  cast-steel,  27 
Sugar-beet,  vinegar  from,  466 
Sut?ar-candy,  382 
Sugar-care,  364 

—  components,  364 

Sugar,  draining;  the  crystals,  381 

—  hi8tor»  of,  302 

—  manufactuTp,  362 

—  beet- root,  367 

--  spirits  from  the  by-products  of,  430 

—  nature  of,  362 

—  of  the  grape,  392 

—  preparation  from  the  beet,  370 

—  preparation  of  moist,  raw,  or  loaf, 

380 

—  raw,  preparation  from  the  sugar- 

cane, 305 

—  production,  367 

—  refining,  366 

—  removing  from  the  form,  381 

—  solution,  evaporating  and  purify- 

ing, 385 

—  starch,  composition,  386 

—  varieties  of,  306 
Suint,  gas  from,  675 

—  potassa,  salts  from,  132 
Sulphate  of  alumina,  261 

alumina  and  alum,  uses  of,  263 

—  -  ammonia,  238 

—  *—  copper,  54 

pota«ha,  121 

soda,  213 

zinc,.  81 

—  or  decomposing  furnace,  172 
Sulphates  of  alumina,  256 
Sulphide  of  carbon,  210 
Sulphite  of  lime,  201 


Sulphur,  194 

—  as  a  bv- product  of  gas  manufac- 

ture, 198 
Sulphur,     by    heating    snlphoretted 
.hydrogen,  198 

—  chloride,  211 

—  flowers  of,  197 

—  for  refining  gold,  107 

—  from  soda  waste,  198 

—  obtained  by  the  reaction  of  ralphu- 

rous  acid  on  charcoal,  198 

—  preparation  of  from  pyrites,  197 

—  production    by    the    reaction    of 

sulphuretted  hjdr<>gtrn  upon  sul- 
phurous acid,  198 

—  properties  and  usts  of,  199 

"  regeneration  process,  Sc  h  a  ffx  eb'8, 
185 

—  smelting  and  refining,  194 
Solphurets  of  arrenic,  86 
Sulphuric  acid,  201 

concentration,  206 

—  —  decomposition  of  bone-ash  by, 

538 

green  vitriol  from.  32 

for  refining  gold,  107 

fuming  202 

manufacture,  other  methods  of, 

208 

mash  with,  428 

ordinary  or  English,  203 

present  manufacture  of,  203 

properties  of,  209 

saponification  by  mean-*  of,  624 

Fepamtion  from  the  sugar  solu- 
tion, 38.J 

Sulphurous  acid,  199 

uso,  of  pyrites  for  tne  preparation 

of  sulphurous  acid,  206 

Sumac,  510 

Sun  hemp,  341 

Swedish  iron  refining,  22 

rpALLOVV  candlep,  629 
X      Tannine,  508,  516 

—  in  liquor,  517 
the  bark,  516 

—  materials,  509 

estimation  of  value  of,  512 

—  quick  process,  517 

—  the  several  operations.  513 

Tar,  condensation  of  the  vapours  of, 
686 

—  distillation  of,  088 

—  mode  of  operatirg  with,  688 

—  preparation  of  085 

—  properties  of,  087 

Tawer's  softenirg  iron  to  smooth  the 

leather,  519 
Tawing,  522 

—  common,  522 

Temperature  of  blast-furnace  at  dif- 
ferent points,  15 
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Temperinj?.  20 

— .  Bteel,  30 

Terra -cotta  311 

Terralite  and  siderolite  ware,  309 

Thick.  n'..^s  GIO 

Thomskn  s  me' led  of  decomposition 

of  cnolireby  if^nitioii  with  car- 

b  !iite  of  lime.  250 
Tiles  diain  and  v utter,  318 

—  rooting  and  Dutch,  318 
Tin,  73 

—  app  i'*at  onp,  74 

—  nitrate  t'f,  70 

—  prcparutio  s  rf,  75 

—  p'op»ri»'S  of,  74 
Tinned  tthee'  iron,  75 
Tinning  75 

—  (f  (y>pp'r,  braEB,   and   malleable 

iron.  76 
Tinsalt,  75 
Tobacco,  477 

—  leaf,  chemicil  oompoiition  of,  478 

—  man u fact ur»*,  478 

—  pmoking.  479 

Towr,  or  tanghd  fibre,  340 
Tubes,  distillation  of  zinc  in,  79 
Turkey  ml,  608 
Turmenr,  590 
TURNBULLS  bine  37 
Tnrpontine  oil  varnishes,  490 
Tjrdline,  575. 

UCHATIUS'S  steel,  28 
Ultranr^arine,  264 

—  artificial,  264 

—  ct  bait.  38 

—  constitution  of,  267 

—  c  nvetsion  of  green  into  blue,  266 

—  gret'n  preparation,  265 

—  manufactiiie,  204 

—  na  ive,  204 

—  properties  of,  267 

—  su)ph>tte  of,  preparation,  265 

YACUUM  pans,  377 
Valonia  nut^  511 
Varnish  polishing  dried,  490 

—  spiiit,  489 
Van  ishe«.  488 

—  oil,  489 

—  ppirit,  coloured,  490 

—  turpentine  oil,  490 
Vases,  Etruscan,  309 
Vegetable  fibre,  technology  of,  338 
Vellum,  527 

Verdigris,  58 

Vicuna  wool,  495 

Vienna  yeast,  450 

Vine  and  its  cultivation,  390 

Vinegar  and  it^  origin.  460 

—  formation,  phenomena  of,  462 

—  from  alcohol,  461 
the  SQgar-beet,  466 


Vinegar  from  wo'd  »1i'.tilla'i  n,  469 

—  making,  t  ld<  r  m»^thod,  402 
quick  prr  cess,  403 

—  testing,  407 

—  with  tLe  help  of  the  Mycodtrma 

aceti,  466 

—  pla'inum  blaclr,  467 

—  the  manufacture  of  460 
Vim  U"»  f»  rn.entation,  387 

—  mash  f rt  m  cereals,  420 
Vintage,  390 

Vitiiol  blue,  64 

appli"  ations  of,  50 

—  d-  nble,  55 

—  green,  31 

f  tm  metallic  iron  and  sul- 
phuric add,  32 

from  the  lebldnes  of  lyrites 

distilla'icn,  32 

in  bed^,  preparation  of,  32 

pri  partition  of,  a^  a  bj>prt  duct 

in  alum  works,  32 

usen  ot,  32 

—  white.  81 

Violet  and  blue  naphthaline  pfgmrntB, 
583 

—  imp*  rial,  577 
VoGL's  grate,  744 

Volta:c  electricity,   copper   obtained 

bT,  50 
Volumetiical  nnethod,  224 
Vulcanised  caoutchouc,  486 

WALKERITE,  295 
Warming,  731 
Water,  405 

—  cooler  ,  309 

—  gas,  071 

caiburetted,  672 

Leprince's,  074 

—  hot,  for  beating,  739 
Wax  candles,  631 
making,  033 

—  or  Vesta  matches,  663 
Weaving  filk,  505 

—  the  cloth  499 

—  —  linen  threadp,  340 
Weld,  590 

Weldons  chlorine  proc^FS,  219 
Wheat  starch,  preparation  of,  358 
Whey,  557 
White  gunpowder,  154 

—  lead,  07 

adulteration  of,  72 

—  —  application  of,  72  fi 

—  —  Eoglifih   method  of   manuiac- 

toring,  08 

Fr»-nch  method  of  preparing,  69 

from  chloride  of  lead,  71 

sulphate  of  lead,  70 

manufacture  at   Clichy,  appa- 
ratus used  in,  69 
properties  of,  71 
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